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VIBROCREEP LOESSIAL SOILS

Abstract: In article creeping property humidified loess soils is stated results of experimental researches of the 
author on studying at vibrating influences. It is noticed, that vibrocreep deformation is especially accurately shown 
in the water sated loess which is exposed to intensive concussion. In such condition of loess, force of an internal fric-
tion between particles under the influence of vibration can be destroyed in full or in part, and the soil gets mechani-
cal property of a viscous liquid. Researches on display and course studying vibrocreep in the water sated loess have 
shown, that it depends on many factors, the main things from which are: density – humidity condition of a soil, its 
mineralogical and grading structures, durabilities (a friction corner and cohesion), external loading, vibrating influ-
ence (acceleration, frequency, amplitude, the period and duration of fluctuations), etc.

Keywords: loess, vibrocreep, fluctuations, long deformation, factor vibroviscosity.

The consolidation of loessial soils at vibrating influences 
is carachterized by accumulation of volume deformations in 
time as a result of accumulation of mutual displacement of 
particles from each separate period of fluctuations. At increase 
in frequency of concussion there is an imposing of mutual 
displacement of particles leading to long deformation of a soil.

Vibrocreep soils are called as the deformation accu-
mulation in time at constant accelerations of fluctuations 
and pressure [1]. Vibrocreep deformation is especially ac-
curately shown in water sated loess soils, exposed to inten-
sive concussion. As experience show, in such condition of 
loess, forces of an internal friction between particles under 
the influence of vibration can be destroyed completely, and 
the soil gets mechanical property of a viscous liquid. In such 
conditions, bodies with the density exceeding density of the 
viscous environment, sink in a soil, and from smaller den-
sity – emerge.

The creeping property of a soil shown in the conditions 
of concussion can be characterized in factor vibrocreep [2]. 
The factor vibrocreep of humidified loess and the factors 
influencing this indicator is rather convenient for investi-
gating by means of a method of “ball test” N. A. Tsytovich 
[3]. In a basis of the given method is put the known formula 
Stocs establishing dependence the march perform of a ball 
υ in the viscous environment from force N and radius of 
ball r:

 N r= ⋅ ⋅ ⋅ ⋅6 π η υ  (1)
where η – factor vibrocreep.

The carried out researches on display and course study-
ing vibrocreep in the water sated loess have shown that it 
depends on many factors, particularly: a density – humidity 
condition of a soil, its mineralogical and grading structures, 
strengths (angle internal friction and cohesion), external 
loading, vibrating influence (acceleration, frequency, am-
plitude, the period and duration of fluctuations), etc. The 
methods of carrying out of experiences on studying of de-
pendence of factor vibrocreep a soil from acceleration of 
fluctuations consisted in following.

The soil with natural density and humidity was stirred 
in a skilled vessel of vibrating installation, and in cases of 
the broken structure it is kept within the set of particular 
condition. The vessel was equipped with device recording 
the mixture of a ball on a soil. Further, the installation of 
fluctuations at the set acceleration with registration of move-
ment of a ball was carried out. At the end of activity, the cycle 
repeated at new acceleration of fluctuations, etc.

As a result of such experiences, the schedules of depen-
dence of immersing of a ball from time for loadings different 
quantity at invariable preservation of value of acceleration of 
fluctuations is shown. Also, the variable speed of immersing 
ball in a soil experience and reduction of this speed in process 
of depth increase has been fixed in the beginning. At the same 
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time, in process of immersing of a ball of acceleration of im-
mersing to aspire to zero, and speed gets more or less constant 

value. This circumstance depended on value of the loading 
enclosed to a ball and acceleration of oscillatory movement.

Figure 1. Dependence of speed of immersing of a ball in a soil from intensity of fluctuation

There is a linear dependence between the established 
speed of immersing of a ball and acceleration of oscillatory 
movement (fig. 1). In a considered case the established speed 
of immersing ball means factor vibrocreep at corresponding 
fluctuations. On (fig. 2) the schedule of dependence of quan-
tity of factor vibrocreep from acceleration of fluctuations is il-
lustrated. As it is seen from this schedule, that at accelerations 
of fluctuations, less 1.5 g (g – acceleration a gravity) loess fluc-
tuation practically does not render influence on factor quan-
tity vibrocreep a soil. Only at η > 1.5g start up factor reduction 
vibrocreep. Between factor vibrocreep η and acceleration of 
fluctuations and it is approximately possible – to present com-
munication in a kind:

 η β α α= × −( )0 , (2)
where α0 – a threshold vibrocreep a soil; β – коэф. balance. 
Dependence of quantity of forces of cohesion in coherent soils 
from their condition of humidity allows to assume, that the 
factor vibrocreep will depend on humidity of loess also. In 
this direction the researches on the vibrating installation tech-
nique is similar to experiences by definition of dependence of 
factor vibrocreep from acceleration of oscillatory movement 
have been carried out. Experiences were spent on loess soils 
with various humidity, however, acceleration of fluctuations 
and the static loading enclosed to a ball remained invariable.

On (fig. 3) the schedule of dependence of quantity vibro-
creep loess from humidity of a soil is illustrated. From drawing 
it is seen that the factor vibrocreep a soil is not constant in time 
and depends on quantity of forces of cohesion (connectivity) 
of loess. At the same time forces of cohesion as the factor of 

viscosity of clay breeds, can increase or decrease depending 
on humidifying degree. Reduction of force of cohesion in ad-
dition to sated with water soils influences factor vibrocreep.

We assume that the quantity of forces of cohesion (con-
nectivity) in soils depends on the maintenance of moisture 
which leads to the fact that the factor vibrocreep will depend 
also on humidity of a soil. In our experiences the increase in 
humidity of a soil (for example, to 12–13%) led to increase of 
value factor vibrocreep (more eightfold).

Results of experiences on research of dependence vibro-
creep factor from humidity of a soil allow to assume, that un-
der all other equal conditions immersing of a ball by vibrating 
(increase the factor vibrocreep) will occur to the greatest speed 
in that case when the soil is in fool the water sated condition.

In researches with loess soils there are some specific 
features:

– consolidation of the humidified loess at fluctuation 
has begun through some time after the appendix of dynamic 
loading;

– intensity of consolidation during the initial moment 
was characterized by rather low values and gradually increased 
yet will not reach a stable condition;

– duration of a finding in a stable condition of deforma-
tion depended on humidity of a soil.

It testified the necessity of the account of duration of fluc-
tuation along with its intensity at an estimation vibrocreep of 
a soil that has given the chance the size of time necessary for 
tour de creep deformation of a soil to put in dependence first 
of all from durability of communications (cohesion) of loess.



VIBROCREEP LOESSIAL SOILS

5

It is known, that instability of structure loess soils show 
characteristics of a weak cohesion of their structural ele-
ments. Durability of communications depends on structure 
and water resistance of aggregating substance. Ability of a 

softening and dissolution in water of the natural cementing 
substance creating connectivity between particles of loess 
defines completely or substantially character of communi-
cations.

Figure 2.Dependence 1/η from acceleration of fluctuations for loessial soils

Figure 3. Character of change of cohesion and viscosity of a soil at humidifying

Character of conhesivity loess soils is expressed by the 
physical and chemical nature of communications, their water 
resistance and mechanical durability. We will assume, that the 
soil has friable addition and possesses forces of cohesion (con-
hesivity). Loss of stability of structure of such soil is possible 
at infringement of forces of cohesion between its separate par-
ticles under the influence of pressure upon contact particles 
in the course of fluctuation.

The analysis of results of researches in the light of the 
aforesaid testifies that following conditions are necessary for 
infringement of structure coherent soils and transition in a 
creeping condition:

– friable addition of particles of a soil at which porosity 
of a soil prior to the beginning of fluctuation nн, causing in-

fringement of its structure, would be more porosity of a soil 
nк after influence of the specified factor, that is n nн k ;

– intensity the fluctuations, expressed in the form of ac-
celeration, should be capable to break force of connectivity 
between soil particles;

– duration of fluctuation should make time demanded 
for occurrence a stable creeping condition a soil.

As a result it is possible to draw a conclusion that if forc-
es of cohesion (conhesive) between soil particles are not 
broken by operating fluctuations, the soil is not deformed. 
Vibrocreep condition of the soil is not shown also when du-
ration of fluctuation is measured only by several seconds (for 
example, duration of explosive influence).
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METHOD OF “THE SEISMOSTEADY BASIS” FOR THE ESTIMATION 
OF SEISMICITY OF THE CONSTRUCTION PLATFORM

Abstract: The article is devoted to a statement of substantive provisions of the method developed by the author of 
“The seismosteady basis” for an estimation of settlement seismicity of a concrete area taking into account properties 
composing it soils. For this purpose is used the criterion of dynamic stability of breed – the threshold acceleration 
based on straight of indicators of a soil. As advantage of an offered method its simplicity and comparative accuracy 
is marked.

Keywords: soil, the seismosteady basis, point, seismic factor, acoustic rigidity, threshold acceleration, factor of 
seismic stability.

Currently, the definition of the specified seismicity of 
a platform of building is made on the basis of cards of the 
seismic microdivision, which allows estimating the intensity 
of the phenomenon in points. Usually such estimation is ac-
companied by instructions of maximum quantity of seismic 
the accelerations (ас), necessary for an establishment of seis-
mic factor (кс) quantity used for calculation of seismic inertial 
loading at designing of construction.

All existing methods of seismic micro-division have the 
common beginning: at division of any territory into districts 
it is necessary to use the analysis of engineering-geological and 
hydro-geological data of the studied so-called “a reference soil” 
area and refer to all signs which correspond to the mark on a 
card of seismic division into districts. Further, for increment 
definition mark on other concerned soils we use an indicator 
of acoustic rigidity (product of density of a soil for speed of dis-
tribution in it of seismic waves) and position of level of subsoil 
waters depending on soils (except rocky and semi-rocky) and 
afterwards define an identical increment mark, irrespective of 
physic-mechanical and strength their properties.

As the analysis of buildings and the constructions suffered 
from the earthquakes shows, the estimation of seismicity of 
a building areas on indicator of acoustic rigidity is not always 
justified and can show positive result only at rocky and rather 
dense soils, characterized by elastic deformations at fluctua-
tion. However, as results of numerous experimental researches 
testify, that soils in less dense (friable) condition practically do 
not possess to elastic properties at concussion. Besides state-
ment mark the territories combined not rocky soils on de-
pendence on position of subsoil waters as it follows from the 
recommendation of seismic micro-division into districts, also 
not always justifies itself. As an example it is possible to note 
sandy, large granular (gravel, rubble, etc.) soils seismo-stabil-
ity of which practically does not depend on their humidity.

However, we see another picture on clay soils in plastic 
conditions durability of which strongly depends on their con-
dition of humidity. Humidifying semi-rocky soils (plaster, 
stone salt, etc.) also can lower their seismo-durability.

Mentioned above leads to research continuation on re-
vealing the true factors which influence the increment of 
seismicity of various soils at their fluctuation. In this plan 
we listed strength indicators of a soil and capacity of thick-
ness on dependence on an increment of seismic intensity 
of breeds.

Noted positions have formed a basis for working out 
more perfect methods of an estimation of an increment of 
the seismicity, allowing expressing the phenomena already 
in a quantitative kind with the account in each special case 
strength indicators and a concrete thickness composing soils.

So, for definition of an increment seismic mark D. D. Bar-
kan’s building areas started with quantity of settlement resis-
tance of soil R defined on the basis strengths of characteristics 
soil of a concrete area that has allowed already on new to ap-
proach to an estimation of its increment seismic mark [1]. 
However such approach to the question decision also is not 
deprived of some lacks, in connection with absence of the 
account of a thickness of a fluctuating soil.

According to a method offered by the author of the pres-
ent report for an estimation of seismicity of a building area 
and its increment mark it is established on values of thresh-
old acceleration ап, peculiar to the given soil conditions. The 
concept of threshold acceleration is entered for the first time 
into a science by O. A. Savinov and further by N. N. Maslov in 
kind “critical acceleration” [2].

Threshold acceleration ап is understood as acceleration 
of concussion below which keeps the static condition of 
soils, above this value stability of structure of a soil is broken 
also it starts to be condensed, showing thus seismic residual 
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deformation. For definition of H. Z. Rasulov’s threshold ac-
celeration ап is offered [3]:

 a
g p tg c

TVпр
n w w

w s

=
( )ϕ
γ

� ,  (1)

where pn  – normal pressure from weight of constructions and 
weight of the soil which is above considered horizon; ϕ  – a 
corner of an internal friction of a soil; �cw  – the general cohe-
sion of a soil consisting from rigid structural and plastic cohe-
sions [2]; �γw  – density of a natural soil; T – the fluctuation 
period; �Vs  – speed of seismic waves. Indexes n and w specify 
in dependence of factors accordingly on density and humidity.

Figure 1. Dependence of threshold acceleration on 
cohesion of a soil. On the line schedule represent dif‑

ferent soils

Figure 2. Character of change of threshold accelera‑
tion depending on density various soils

According to this dependence on seismic stability of any 
soils’ structure, first of all, they are defined by their static du-

rability expressed to resistibility to shift (ϕw , cw ) and also 
by their thickness of natural location ( )TVs �  [4]. This position 
has received the acknowledgement on numerous experiences 
on various on structure and a condition soils at different dy-
namic modes (fig. 1–4).

As is known, the soils in each special case are character-
ized by those or other parameters defining their durability. So, 
for example, durability rocky soils is caused by the rigid struc-
tural cohesion giving to these soil known hardness (fig. 5).

Figure 3. Dependence of threshold acceleration on 
the general cohesion loess soils. 

α  = 2500–2800 mm/s2

Figure 4. Dependence of threshold acceleration on 
external loading at a thickness of soil Н=200 see

Durability of inconsistent soils in the most friable condi-
tion is defined by a corner of an internal friction and normal 
pressure (fig. 6). With increase in their density some forces 
of cohesion (fig. 6) start to show. At the same time, durability 
of clay soils in certain degree depends and on quantity of the 
cohesion having water-kolloid the nature (fig. 7). It once again 
testifies that durability of every version of soils is defined by 
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various indicators depending on a kind, conditions location, 
and also density-humidity conditions. At the same time, this 
circumstance testifies the various dynamic stability soils in the 
bases of constructions. With it is necessary to be considered 
at an estimation of an increment of seismicity of a concrete 
building area.

Figure 5. Dependence of resistibility to shift of a rocky 
soil from loading

Figure 6. Dependence of resistibility to shift of a sandy 
soil from loading. Porosity decreases from below 

upwards

According to developed method of “The seismosteady 
basis”, the increments mark a concrete building area it is nec-

essary to define on values of factor of seismic stability куст in 
the form of [5]:

 kуст
пр

с

=
α
α

, , (2)

where αс  – the maximum seismic acceleration on a card of 
seismic division into districts.

Conformity condition mark a concrete area with mark, 
established for the given region (“The reference soil”) is 
куст =1.0.

Finally the quantity of factor of seismic stability куст, re-
vealed under the formula (2), is used in calculations as the 
correction factor considering soil conditions. This account in 
the most simple form can be carried out in a kind:

 k
k

kc
p c

уст

= � , (3)

where kc
p  – settlement value of factor of seismicity; kc  – the 

factor of seismicity defined for average soil conditions on 
cards of seismic zoning.

Advantage of the offered method of “The seismosteady 
basis” is its simplicity and comparative accuracy. Work by defi-
nition of parametres of resistibility to shift and thickness of a 
layer can be executed in engineering – geological expeditions 
and the building company without additional expenses. One 
of advantages of an offered method is reliability of the received 
results, based to the account in each concrete case strength 
soils characteristics.

Figure 7. Resistibility to shift of a loamy soil the sample 
at various humidity. On the schedule moisture content 

is killed from below upwards
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ON THERMAL RESISTANCE OF EXTERNAL ENVELOPE OF BUILDINGS

Abstract: The article describes a new approach to the problem of assessing the heat resistance of building en-
velopes, based on an improved method for calculating heat conduction in multi-layered external envelopes, which 
takes solar radiation effect into account.

Keywords: heat conduction, thermal resistance, simulation, heat exchange, external envelope
Due to high temperature and solar radiation in sum-

mer, buildings in regions with a hot climate tend to over-
heat, which negatively affects the well-being and working 
capacity of people. In order to achieve a favorable indoor 
climate, air conditioning and ventilation systems are widely 
used, consuming a significant amount of electrical energy. 
Optimization of energy consumption is achievable if we con-
sider climatic environment, the building and its utilities as 
a unified energy system. A significant role in this system is 
assigned to rationally design external envelopes of the build-
ings, but this can only be done after a proper evaluation of 
their thermal stability.

On the basis of the theory of thermal stability, scientists 
have developed methods for calculating temperature varia-
tions in external envelopes subjected to periodic thermal 
effects, and approximate formulas have been derived for 
estimating the damping of temperature variations, thermal 
inertia, etc. However, the calculation formulas for estimating 
the thermal stability were obtained on the basis of a linear 
model of the nonstationary thermal conductivity process. In 
real conditions, when the composite body is heated by solar 
radiation and convection simultaneously, the boundary con-
ditions are nonlinear, and for the solution of heat conduc-
tion problems in composite bodies, rigorous mathematical 
methods prove to be of little use. Therefore, in regions with 
a hot climate, choice of the material of the external envelope 
that meet the real conditions of optimum thermal resistance 
must be based on physical models of the heat conduction 
process in composite bodies, so the approach to solving heat 
conduction problems allows for analysis of the dynamics of 
the process. In this respect, the study considers one of the 
possible variants of constructing such a model.

The physical analogue of the heat exchange process in 
the external envelope was represented as a composite wall 
consisting of m layers between which thermal contact resis-

tances Rki is created that determine the temperature differ-
ence in the contact zone. In the case of an ideal contact at 
the joint of the layers, the temperatures of the contacting 
surfaces will be the same. The coefficients of thermal con-
ductivity λi and thermal diffusivity ai (i=1,2,…, m) of the in-
dividual parts of the envelope that were assumed as constant.

In conditions of arid hot climate with a long hot period, 
the heat flux on the heat-sensing surface is expressed by the 
nonlinear function of the temperature of the chosen surface. 
The physical phenomena occurring at the same time are de-
scribed simultaneously by the Stefan-Boltzmann law

 E c
T

= ⋅ 





ε 0

4

100
,  (1)

where: E [W/m2]  – is the heat flux density of the body; 
с0 = 5.67 [W/(m2·K4)] blackbody coefficient; ε λ λ= J J0 /  
– emissivity factor, where J W m0

2
λ /   – blackbody inten-

sity, J W mλ / 2   – gray body intensity; T[оK] – absolute 
temperature and Newton-Richmann law

 dQ a t t dF ds a= ⋅ −( ) ⋅ ⋅ τ ,  (2)
where: heat-exchange coefficient, W/m2K; ts – temperature 
of surface, оС; ta – ambient temperature, оС; dF–heat-conduc-
tion area, m2; dτ  – time, s.

The nonlinearity of the system of equations describing 
heat conduction arises from the significant influence of solar 
radiation, i. e. in the summer. The solution of the problem of 
radiation-convective heat conduction in composite bodies, 
when the ambient temperature Ta τ( )  and the heat flux den-
sity of the total solar radiation Ja τ( )  are periodic functions 
of time, is given for the so-called quasistationary state. With a 
reasonable degree of accuracy, we assume that the inertia of 
the process is low, i. e. the previous duration of heat exchange 
is so great that the influence of the initial temperature distribu-
tion is no longer manifested.
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The nonstationary temperatures inside a multilayer exter-
nal envelope are described by the differential heat-conduction 
equation [1]

 
dT
d

a
d T
dx

i mi
i

i

τ
= =

2

2 1 2, , ,... ,  (3)

Initial

 T T xi = ( ) =,τ 0  (4)
and edge conditions on internal surface

 − = −( ) =λ
τ1

1
1 0

dT
d

a T T xin in , ,  (5)

and also conjugating conditions of joint layers

 λ λi
i i i

ki
i

i
i

dT
dx

T T
R

dT
dx

x x=
−

= =+
+

+1
1

1 ,  (6)

and, finally, the boundary conditions on the external surface:

 λm
m

k rad rad am m

dT
dx

q q q x R= + + =, , .  (7)

The densities of the heat fluxes in the right-hand side of 
equation (7) characterizes the amount of heat produced by 
the surface of the structure due to convection

q a T Tk ex c m= ( ) − τ ,
as a result of the absorption of solar radiation

q Qrad = ( )ρ τ ,
and also due to radiant heat exchange with the “ambience” 
qrad am .

The most difficult task is to determine the resulting radia-
tion qrad, am between the envelope and the ground, between the 
envelope and nearby buildings and structures, between the 
envelope and the “sky”.

To reconcile the theoretical and experimental results, we 
will use for the vertical walls the dependence of qrad am  on 
temperature T[2]:

 q T Trad am sf c m, ,= ( ) − ε σ τ0
4 4  (8)

Where ε sf  – is the blackness degree between the surface 
of envelope and the “ambience”.

To reduce the number of parameters and construct the 
design scheme in the most general form, we represent the 
system of equations (3) – (7) in generalized dimensionless 
variables:

d
dF

A
d
dX

i m

X F

d
dx

Bi

i
i

i

i i

in in

θ θ

θ θ

λ
θ

θ

0

2

2

0

1
1

1 2

0

= =

= ( ) =

− = −

, , ,...

, ,

θθ

θ
θ θ

θ

θ
θ

1

1
1

1

0

0( ) =

= −( ) = =

= ( )

+
+

, ,

,

X

L
d
dx

B
d
dX

X X

d
dX

B F

i ki i i
i

i

m
ki c −−  + ( ) + ( ) − 



















( )

( )
(

θ θ θi c mKi F Sk F

a

a

a

0
4

0
4

3

4

5

.

))

( )

( )

6

7

a

a
In the scheme:

θ = ∗

T
T

 – dimensionless temperature, T ∗  – scale of ad-
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cluding the value of the thermal resistance at the contact 
surface of i and i + 1 layers, characterizing the intensity of heat 
exchange in the place of contact of the individual layers of the 
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Analysis of existing solution procedures showed that the 
most acceptable method for solving system (4a) – (8a) is the 
differential method [3, 4]. Of the numerous approaches to 
the implementation of differential schemes, the method of 
“elementary balances” proposed by A. P. Vanichev [3] was 
chosen, and the method developed by G. I. Marchuk [4] – 
“splitting” the composite body into homogeneous elements. 
As a result, the difference equations approximating the heat 
conduction problem under consideration (3a) – (7a), de-
pending on the location of the calculated point, have become:

1. Calculated point is inside i layer
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0 0 0 0 0 00
2
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2. Calculated point is on the border of i and (i + 1) layer 
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3. Calculated point is on the external surface (n = nm)
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4. Calculated point is on the internal surface (n = 0)
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In the above equations:
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The solution convergence rate of the differential equations 
to a given accuracy and the stability of the solution depend on 
the magnitude of the time increment. In the equation of heat 
conduction, as a result of the numerical experiments carried 
out, equality is obtained, according to which an optimal time 
increment is calculated that ensures high convergence and 
stability of solutions:

 ∆ ∆F N F Bi Nex0
2

0+ = τ .  (14)

Using numerical method ∆τ = 0 25, . was obtained.
A software complex has been developed with accordance 

to the above-mentioned difference scheme of problem solv-
ing. Taking into account that single-layer and two-layer con-
structions of external walls were found most widely in civil 
engineering, the processes of non-stationary heat conduction 
in structures of this type were subjected to numerical simu-
lation. Single-layer walls made of brick, and five versions of 
multi-layered envelopes, differing in the material of the bear-
ing layer and the type of insulation, located on the outside of 
the wall were considered (Table).

Table – External wall constructions and their thermal resistances

Variation 
number

Bearing layer Insulation layer R,
m2·K /Wmaterial type thickness, m material type thickness, m

I clay brick 0.38 – – 0.71
II reinforced concrete 0.03 expanded polystyrene 0.09 1.991
III reinforced concrete 0.03 autoclaved aerated concrete 0.140 1.591
IV clay brick 0.38 slag wool 0.08 0.844
V clay brick 0.38 fiberglass 0.1 2.417
VI expanded-clay concrete 0.30 Slag wool 0.07 1.276

The numerical calculations and their comparison with 
full-scale measurements on single-layer and double-layer 
structures showed high correlation coefficients of 0.989 and 
0.969, respectively. This allows us to assume that the devel-
oped simulation sufficiently reliably describes the real pro-
cesses of thermal conductivity in the single-layer and double-
layer external envelopes of the buildings.

In addition, the calculated temperatures on the inner sur-
face of the envelope of the buildings, considering the three com-
ponents of radiation (convective, radiation and “ambience”) 
turned out to be higher than those calculated according to the 
standard procedure, which means not taking them into account 

causes a systematic underestimation of temperatures during 
the day. Comparative estimates of the temperature field of the 
external envelope, calculated by the developed and standard 
methods, showed that the greatest discrepancy in the damping 
values of the calculated amplitude of temperature fluctuations 
is observed in the VI type of external envelope and is 32%.

Therefore, a new approach to assessing the heat resistance 
of external envelopes of the buildings, based on the method 
for calculating heat transfer in multilayer external envelopes, 
taking into account the effect of solar radiation, will allow 
optimizing the design of envelopes, including the choice of 
insulation material.
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COMPARATIVE ANALYSIS OF PROKARYOTIC COMMUNITIES ASSOCIATED 
WITH CONVENTIONAL CROPLANDS AND FALLOW LANDS

Abstract: A comparative analysis of the phylogenetic composition of microbial communities of croplands and 
long-term fallow lands showed their similarity in terms of the dominant groups of bacteria and differences minor taxa. 
The composition of the microbial communities of conventional croplands was characterized by a high proportion 
of Planctomycetes and the absence of representatives of Chloroflexi and Caldithrix, which dominated of prokaryotic 
communities of long-term fallow lands.

In croplands, the dominant position in the microbial communities was occupied by representatives of actinomy-
cetes – Micromonosporaceae, Nocardioidaceae, Conexibacteraceae and Solirubrobacteraceae. Soil microbial communities 
of long-term fallow lands were dominated by bacteria-cellulozolitics (Chitinophagaceae) and bacteria dominating 
in the soils of urbanized areas with features of the granulometric composition of the soil (Rubrobacteraceae, Caldi-
thrixaceae, Chthoniobacteraceae).

Keywords: soil fertility, microbial communities, fallow lands.
Introduction
One of the global problems of world agriculture is the 

limited availability of land. Humanity in its history irrevoca-
bly lost more fertile land than their swings around the world, 
making the productivity of conventional croplands into des-

erts, wastelands, wetlands and ravines. According to the cal-
culations of UN experts, nearly 2 billion hectares of land are 
subject to anthropogenic degradation. Soil salinity is result 
of irrigation, erosion (wind, water) and desertification soil as 
result of climate change.
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The contemporary soil cover of the Orenburg region, 
according to the soil-geographical regionalization of the 
country’s territory [1, 2], is mainly represented by southern 
Сhernozem (21.1%), conventional Сhernozem (15.5%) and 
dark chestnut soils (10.4%). Under crops of crops conven-
tional Сhernozem and southern Сhernozem, the most rich 
in humus soils, are used.

However, the low thickness of the humus horizon and the 
heavy granulometric composition of soils contribute to the 
deterioration in water penetration and retention, soil com-
paction, aeration reduction and slowing of microbiological 
processes (ammonification and nitrification).

The change in the granulometric composition of soil par-
ticles is associated with a change in prokaryotic communities 
of the soil. So, microorganisms of the soil (more than 250 μm) 
contain bacteria belonging to the filaments Actinobateria, Bac-
teroidetes, Verucomicrobia and Proteobacteria, and in microag-
gregates (50–250 μm), representatives of Rubrobacteriales and 
Chloroflexi predominate [3, 4].

In addition, the humus (horizon A) is the main habitat of the 
soil microbial community. Reducing humus layer thickness influ-
ences the microbial community composition and promotes the 
conversion of agricultural land in low productivity with plowed 
field dominance oligotrophic microorganisms. A long period of 
self-restoration of the surface, humus horizon of degraded soils, 
does not facilitate the return of such lands to a crop rotation.

Finally, the fertility of the soil depends on the state of the 
humus horizon, which determines the biological activity of 
the soil. Each hectare of infertile soil accounts for 2.5–3 tons 
of microbial biomass, and for highly-fertile soil – up to 16 tons. 
The number of microorganisms per gram of soil can vary from 
1–3 × 106 to 20–25 × 109 [5].

Today, the use of soil-saving technologies in agriculture 
(No-Till), helps to reduce soil moisture losses and reduce 
degradation of croplands with wind and water erosion, but 
can contribute to its salinization and compaction (reduces its 
oxygen saturation) and the accumulation of phytopathogenic 
microorganisms.

The aim of the work was a comparative analysis of the 
qualitative composition of the bacterial communities of crop-
lands and long-term fallow lands.

Materials and Methods
Site description
Soil samples were collected on the territory of Perevo-

lotsky district of the Orenburg region, on a plot of croplands 
and long-term fallow lands. The climate of the region is mod-
erately continental, the snow cover is thin, in summer frequent 
dry winds. The average annual amount of precipitation is 
250–300 mm. The soil profile corresponds to the chernozem 
to the southern low-humified low-moisture light loam.

Isolation of DNA
The samples for the isolation of total DNA were samples 

of frozen soil (0.5 g each). DNA from the samples was isolated 
using NucleoSpin®Soil (Macherey-Nagel, GmbH & Co. KG 
(Dep., IT-EDV) in accordance with the manufacturer’s in-
structions. The purity of the isolated DNA was monitored by 
photometry on a NanoDrop 8000 instrument (Termo Fisher 
Scientific Inc., USA) and also by electrophoresis on a 1.5% 
agarose gel. The DNA concentration in the samples was deter-
mined on a fluorometer “Quantus” (“Promega” USA) using a 
set of Quanti Fluor dsDNA of the same manufacturer. DNA li-
braries for sequencing were created using the Illumina protocol 
(http://support.illumina.com/documents/documentation/ 
chemistry documentation/16s/16s-metagenomic-library-
prep-guide-15044223-b.pdf), using primers to V3 and V4 re-
gions 16S rRNA for prokaryotes (direct SD-Bact-0341-bS-17 
and reverse SD-Bact-0785-aA-21). Metagenomic sequencing 
was performed on a MiSeq sequencer (Illumina, USA) with 
a set of reagents according to the manufacturer’s recommen-
dations at the collective use center for scientific equipment 
“Persistence of microorganisms” of the Institute of Cellular 
and Intracellular Symbiosis of the Ural Branch of the Russian 
Academy of Sciences.

Metagenome analysis
Taxonomic identification of nucleotide sequences and 

a comparative analysis of microbial communities were car-
ried out using the Internet resource VAMPS (Visualization 
and Analysis of Microbial Population Structures) available 
on http://vamps.mbl.edu/. The sequence was sorted using 
the RDP (Ribosomal Database Project), available at http:// 
rdp.cme.msu.edu/.

Statistical analysis of results
The obtained data were subjected to statistical processing 

using variational statistics methods using MS Excel 10.0 for 
Windows spreadsheet processor.

Results
Sampling in arable field sown with winter wheat (Triticum 

aestivum L.). The humus content in the soil is 4.5 ± 0.7%, the 
thickness of the humus horizon is 32.0 ± 3.1 cm, pH = 8.0 ± 0.1. 
The content of ammonium nitrogen was (12.7 ± 1.3 mg/kg) 
and nitrate nitrogen (12.9 ± 2.6 mg/kg).

The 16S metagenomic analyses of the soil shows that the 
prokaryotic composition were classified into bacteria with 
76.773 reads (99.8%), archaea with 18 reads (0.02%) and 161 
reads (0.2%) were unclassified at the kingdom level, suspected 
to belong to the third kingdom (domain), the eucaryota.

Prokaryotic organisms belonging to 27 Phyla were de-
tected using this 16S metagenomic tool. The top 8 of 27 phyla 
(with the number of reads) belonged to the Phyla Firmicutes 
(11.1%), Proteobacteria (27.5%), Actinobacteria (39.1%), Ver-
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rucomicrobia (1.7%), Planctomycetes (1.6%) and Bacteroidetes 
(4.02%). At this level, 8.8% were unclassified.

A total of 56 classes of prokaryotic organisms were de-
tected from the soil. The top 8 of 56 classes were identified to 
be Deltaproteobacteria (4.8%), Gammaproteobacteria (5.7%), 
Alphaproteobacteria (12.8%), Clostridia (7.1%), Actinobacteria 
(26.8%), Thermoleophilia (8.1%) and Sphingobacteriia (3.6%).

The 16S metagenomic result of the soli identified and thus 
classified all the procaryotic organisms present into a total of 
223 families. The identities of the top 8 of the 223 families 
as Pseudonocardiaceae (3.9%), Conexibacteraceae (4.7%), Mi-
cromonosporaceae (4.1%), Nocardioidaceae (4.1%), Sphingo-
monadaceae (3.5%), Solirubrobacteraceae (3.1%) and Thermo-
anaerobacteraceae (2.2%). A total of 21.2% were unclassified.

Using the 16S metagenomic tools, a total of 907 prokary-
otic species were identified to be present in the soil. The seven 
most predominant species were identified to be Solirubrobac-
ter soli (2.0%), Caldithrix palaeochoryensis (1.5%), Nocardioi-
des islandensis (1.4%), Chondromyces pediculatus (1.2%), Euze-
bya tangerina (1.2%), Sphingomonas oligophenolica (1.1%) and 
Cohnella soli (1.0%). Of this 907 species, 60.2% of the species 
were considered unclassified.

In summary, the prokaryotic composition of the soil was 
so diverse that 907 different species, 505 genera, 223 families, 
105 orders, 56 classes, 27 phyla and 2 domains (excluding 
those unclassified) were identified using the 16S metage-
nomic tools as compared to the results obtained using the 
culture-dependent techniques. It is important to note that the 
pie chart shows only all classifications above 3.5% abundance 
while the “other” category in the pie chart is the sum of all 
classifications with less than 3.5% abundance.

The section of the long-term deposit was characterized 
by the presence of a central ridge and signs of an average and 
weak degree of water erosion, which together with a low thick-
ness of the humus horizon (10 cm) and a change in the agro-
chemical properties of the soil, slightly alkaline pH (7.5 ± 0.1), 
humus content (1.4 ± 0.3%), ammonium (12.3 ± 1.2 mg/kg) 
and nitrate nitrogen (1.15 ± 0.18 mg / kg), indicated a de-
crease in soil fertility. From the surface horizon A (15 cm) soil 
samples were taken for metagenomic analysis of total bacterial 
DNA.

The 16S metagenomic analyses of the soil shows that the 
prokaryotic composition were classified into bacteria with 
98.883 reads (99.4%), archaea with 145 reads (0.2%) and 483 
reads (0.5%) were unclassified at the kingdom level, suspected 
to belong to the third kingdom (domain), the eucaryota.

Prokaryotic organisms belonging to 27 Phyla were de-
tected using this 16S metagenomic tool. The top 8 of 27 
phyla (with the number of reads) belonged to the Phyla 
Firmicutes (14.6%), Proteobacteria (26.8%), Actinobacteria 

(22.5%), Verrucomicrobia (4.0%), Chloroflexi (1.2%), Cal-
dithrix (7.3%) and Bacteroidetes (6.6%). At this level, 11.6% 
were unclassified.

A total of 57 classes of prokaryotic organisms were de-
tected from the soil. The top 8 of 57 classes were identified to 
be Deltaproteobacteria (5.2%), Gammaproteobacteria (6.0%), 
Alphaproteobacteria (10.2%), Clostridia (9.8%), Actinobacteria 
(14.3%), Caldithrixae (7.3%) and Sphingobacteriia (6.1%).

The 16S metagenomic result of the soli identified and 
thus classified all the procaryotic microorganisms present 
into a total of 227 families. The identities of the top 8 of the 
227 families as Pseudonocardiaceae (2.0%), Caldithrixaceae 
(7.3%), Rubrobacteraceae (4.8%), Chitinophagaceae (3.9%), 
Sphingomonadaceae (2.3%), Chthoniobacteraceae (2.0%) and 
Thermoanaerobacteraceae (3.6%). A total of 22.6% were un-
classified.

Using the 16S metagenomic tools, a total of 935 pro-
karyotic species were identified to be present in the soil. The 
seven most predominant species were identified to be Tepi-
danaerobacter syntrophicus (2.7%), Caldithrix palaeochoryensis 
(6.5%), Megasphaera hominis (1.1%), Chondromyces pedicula-
tus (1.0%), Euzebya tangerina (0.9%), Chthoniobacter flavus 
(1.9%) and Segetibacter aerophilus (0.9%). Of this 935 species, 
57.22% of the species were considered unclassified.

In summary, the prokaryotic composition of the soil was 
so diverse that 935 different species, 523 genera, 227 families, 
110 orders, 57 classes, 27 phyla were identified using the 16S 
metagenomic tools as compared to the results obtained using 
the culture-dependent techniques. It is important to note that 
the pie chart shows only all classifications above 3.5% abun-
dance while the “other” category in the pie chart is the sum of 
all classifications with less than 3.5% abundance.

Discussion
Thus, as a result of our comparative studies of the com-

position of the microbial communities of the croplands and 
section of long-term fallow lands (self-regenerating low-pro-
ductive croplands), the differences in the composition of the 
bacterial communities of long-term fallow lands were associ-
ated with the appearance of representatives of Chloroflexi, Cal-
dithrix and absence of Planctomycetes in the dominant group.

In croplands, the dominant position in the microbial com-
munities was occupied by representatives of actinomycetes – 
Micromonosporaceae, Nocardioidaceae, Conexibacteraceae and 
Solirubrobacteraceae. Microbial communities of long-term 
fallow lands were dominated by bacteria-cellulozolitics (Chi-
tinophagaceae) and bacteria dominating in the soils of urban-
ized areas with features of granulometric composition of the 
soil (Rubrobacteraceae, Caldithrixaceae, Chthoniobacteraceae).

The succession of microbial communities, under the in-
fluence of stress factors of different nature, is associated with a 
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change in the proportion of bacteria that are underrepresented 
in the microbial community [6, 7].
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Abstract: The article deals with the dynamic research of anthropogenic grounds in the basement of buildings. 
Designing and erection of buildings structures on weak soils in seismic regions.
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Introduction
Dynamic properties of anthropogenic soils lying on the 

territory of ancient cities of the Republic of Uzbekistan little 
studied. There are no recommendations for ensuring the sta-
bility of such soils under the influence of dynamic (seismic) 
loads on them.

In order to fill this gap, we carried out studies devoted to the 
study of factors affecting the process of weakening the strength 
of anthropogenic soils under conditions of oscillation. This 

circumstance caused the necessity of conducting a complex of 
studies on a vibrating installation with observation of the defor-
mation of anthropogenic grounds of different composition and 
state under the action of different dynamic loads. In these stud-
ies, simultaneously with deformation of the soil, observations 
were made of the immersion of a ball mounted on a soil sample.

The studies carried out on disturbed and undisturbed soil 
samples, the physical and mechanical characteristics given in 
(Table 1).

Table 1. – Characteristics of the investigated soils

№ Soil
Natural 

humidity 
%

Density The poros-
ity of the 

soil%

Characteristic 
humidity

Coal of 
internal 
friction

General 
adhesion

Dry ground 
g/ smЗ

Natural soil 
g/sm3 WL WR

1. Soil № 1 10 1.40 1.54 48.0 27.8 19.8 29.0 0.015
2. Soil № 2 14 1.44 1.61 46.0 27.5 20.1 29.2 0.025
3. Soil № З 11 1.50 1.70 44.0 26.7 18.0 28.1 0.010
5. Soil № 5 16.5 1.43 1.67 47.0 26.5 20.1 27.0 0.005
6. Soil № 6 13 1.47 1.80 45.8 29.0 17.8 27.0 –

The vessel with the sample under study was equipped 
with appropriate measuring instruments. To measure the 
pressure that occurs when the soil oscillated in water, a pres-
sure sensor with a record of the digital storage oscilloscope 
used. The TDS2000C series.

Sediment of the sample fixed by means of a dial indicator 
mounted on the end of the rod attached by the other end to a 
perforated plate placed on the surface of the sample. The test 
soil subjected to a vibration of 5–10 minutes.

The results of the experiments showed that the deforma-
tion of the soil in the process of oscillation, like loess soils, be-
gins after a certain time (from several to tens of seconds) after 
application of a dynamic load on the soil, which turned out to 
be a distinctive feature of cohesive soils from disconnected soils. 
A further rapidly increasing character of the deformation of the 
soil noted during its oscillation, which well seen in (Fig. 1).

At the same time, the readings of the pressure sensors 
are slightly different from the indications of the indicator. In 

these experiments, the pressure in the water begins to grow 
from a certain moment after the application of a dynamic 
load on the soil, which is obviously a consequence of the 
disturbance of the soil structure under very difficult condi-
tions (Fig. 2).

The absence of compaction of the soil until a certain time, 
as we discovered earlier in the study of loess water-saturated 
soils, indicated the processes occurring under these conditions, 
associated with a change in the internal bonds of the soil.

It could be assume that in many experiments, with the 
moment of the appearance of excess pressure in water, the 
strength of the soil appeared to drop, as evidenced by some 
experiments conducted with sample overload. These experi-
ments carried out half-round in diameter, round loading on 
the surface of the ground, representing a metal ball 1.0–2.0 
cm in diameter (the diameter of the ball chosen depending 
on the initial condition of the plasticity of the soil, which 
freely retained by the soil prior to vibration.
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Figure 1. Change in the porosity of anthropogenic soil, depending on the duration of 
the oscillation Ground number 5, acceleration of oscillation 1800 mm/s2

Figure 2. The nature of the change in dynamic pressure for anthropogenic soils. 
On the graph: the upper line corresponds to the ground No. 2, and the lower line 

to the ground No. 1. Acceleration of the oscillation 2500 mm /s2.

To measure the displacement of the ball along the ground, 
a steel rod with a diameter of 6 mm and a length of 30 cm 
welded on its surface, with the indicator leg at its upper end.

To maintain the vertical displacement of the ball along 
the ground, its rod passed through the guide hole of the 
special frame rigidly attached to the vibrating plate of the 
installation.

In these experiments, the ball immersed in the soil practi-
cally simultaneously with the increase in pressure in the water, 
which indicated the beginning of the disturbance of the soil 
structure and its transition to a dynamically disturbed state. 
Table 2 gives data on the results of one cycle from a series of 
experiments.

Table 2. – Change in pore pressure, ball deformation and sediment of the soil surface in time at α = 1500 mm/s2

№ Type of experimental measurement Ед. 
изм

Duration of oscillation, sec.
5 10 15 20 25 30 40 50 70 90 100

1. Pore pressure mm – – – 2 5 8 10 12 16 20 20
2. Dipping ball mm – – – 2 3 5 7 8 12 14 14
3. Soil precipitation mm 3 4 6 8 10 10 10
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Conclusions
Based on such studies it was possible to conclude that, un-

like sandy soils that can compact immediately after mechani-
cal destruction of the structure, anthropogenic soils, similar to 
loess soils, undergo complex internal transformations before 
the beginning of the compaction process, which are associated 
with a disruption of their connectivity under conditions of 

continued oscillation. However, the rate of disturbance of the 
internal bonds of anthropogenic soils proceeds more slowly 
than in loess soils, as evidenced by experiments on measuring 
the immersion of a ball.

This seems to be explained by the fact that the structure 
and texture of anthropogenic soils is much more difficult com-
pared to loess.
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GERMINATING ABILITY OF SEEDS OF DIFFERENT AMARANTHS 
AND THE HYDROLYTIC ENZYMESACTIVITY

Abstract: The article presents data on the germinatingability of seeds of various amaranth species, as well as the 
hydrolytic activity of enzymes in the growing process. Germinating ability of seeds depends on the temperature, the 
type of amaranth and with increasing of temperature there is an increase in the germinability of seeds. Species A. 
cruentis showed a high germinating ability compared to other species. It was revealed that the seeds of Amaranth 
species do not lose their germination even under five-year storage. There was a correlation between the activity of 
hydrolytic enzymes and the growth rate of amaranth seeds. The readings of enzymatic activity depend on the age of 
the shoots and the properties of amaranth species.

Keywords: amaranth, enzyme, seed, germinating ability, temperature, optimal, term, storage, amylolytic, pro-
teolytic, lipolytic, activity, species.

Introduction
In recent years, various promising non-traditional plants 

are imported into our country for use in agricultural practice. 
Amaranth can be included in the number of such promising 
plants. Amaranth belongs to the family of Amaranthaceae. It 
is an ancient plant of the Aztecs and the Incas and is being 
restored in practice. The merit of K. S. Safarov and his students 
are high at studying the properties of amaranth species in 
different climatic conditions of Uzbekistan. This plant is of 
great importance as a nutritious food for livestock and poultry, 
with the increase in the quantity of food products and the 
improvement of their quality. Amaranth seeds contain 15–
21% of proteins, 60–65% of starch, 6–9% of fats and other 
substances [1–3].

It is known that seeds consist of a germ and reserve 
nutrients (endosperm) and are covered with seed skin. 
Before growing seeds, absorb a large amount of water and 
this serves as a trigger for the beginning of certain chemical 
reactions. The rate of germination of seeds of different 
species of amaranth depends on their early maturity. The 
germinating ability of amaranth seed also depends on the 
shelf life of the amaranth seeds. The rest period of amaranth 
seeds is short (within 2 months). Cultural representatives of 
the amaranth detachment preserve the germination of seeds 
for 10 years.

During the growth of seeds, metabolites and energy 
necessary for metabolism appear as a result of the splitting of 
reserve carbohydrates. This process depends on the activity 
of hydrolytic enzymes [4, 5].

Biology, physiology, biochemistry and agricultural 
engineering of Amaranthus L.order’s species were studied 
insufficiently in conditions of our Republic. Therefore, the 
study of the germinating ability of amaranth seeds and the 
activity of hydrolytic enzymes was the goal of this study.

Materials and methods of research
Seeds of such species of amaranth as A. hybridus, A. edulis, 

A. creuntus and A. mantegazzianus used in the research. For 
each variant of the experiment 100 pieces of the best seeds 
were selected. and grown in different temperatures in a 
thermostat ED53 (+ 0.3 °C).

Activity of hydrolytic enzymes in the process of growth 
of seeds of various amaranth was revealed by conventional 
methods [5, 6]. Experiments were conducted four times a 
repetition. The obtained results were subjected to statistical 
processing on the basis of B. A. Dospekhov’s technique [7].

Results of research and their discussion
Germinating ability of seeds of various amaranths.
In the laboratory, it was studied the influence of tem-

perature on the germinating ability of seeds of amaranth 
species grown for the seed stock [8]. The results are shown 
in (Table 1).

Since amaranth is a plant of tropical regions, temperatures 
of over 10 °C are required to grow its seeds. If the germinating 
ability of the studied amaranth species was 8–12% at 10 °C, 
29–31% at 15 °C, 56–61% at 20 °C, 72–78% at 25 °C, 89–93% 
at 30 °C, and 98–99% at 35 °C. With a further increase in 
temperature (40 °C), the germination of amaranth seeds de-
creases sharply.
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Table 1. – Influence of temperature on germinating ability of seeds of various species of amaranth (in %)

Amaranth species
germinating ability.%

10°С 15°С 20°С 25°С 30°С 35°С 40°С
A.hybridus 11.5 ± 0.7 31.2 ± 1.6 60.1 ± 2.5 73.2 ± 3.2 89.6 ± 3.8 98.8 ± 4.0 74.6 ± 3.4
A.edulis 10.4 ± 0.6 30.6 ± 1.6 59.4 ± 2.4 76.1 ± 3.6 90.8 ± 3.9 99.1 ± 4.2 73.2 ± 3.2
A.creuntus 12.3 ± 0.7 33.4 ± 1.7 61.3 ± 2.6 78.3 ± 3.8 93.5 ± 4.2 99.4 ± 4.3 71.0 ± 3.0
A.mantegaz-zianus 8.1 ± 0.4 29.8 ± 1.5 56.9 ± 2.4 72.6 ± 3.1 92.8 ± 4.1 99.2 ± 4.1 70.3 ± 2.9

A series of experiments was conducted in order to study the 
dynamics of germinating ability of amaranth seeds. At 30 °C, the 
intensity of amaranth seed growth was studied at different times.

According to the received data, for 24 hours after sow-
ing seeds of amaranth sprouted by 26–30%, after 48 hours by 

45–51%, after 72 hours by 89–93%. In the next 96 hours the 
content of seeds reached 94–97%, 120 hours 97–98%, i. e. in 
such conditions, the bulk of the seeds sprouted within 3 days 
(2 table).

Table 2. – Dynamics of germinating ability of different amaranths

Amaranth species
Germinating ability.%

24 hours 48 hours 72 hours 96 hours 120 hours
A.hybridus 30.3 ± 1.4 51.1 ± 2.5 89.4 ± 3.8 94.2 ± 3.9 97.6 ± 3.9
A.edulis 27.1 ± 1.3 48.3 ± 2.4 90.9 ± 3.9 95.2 ± 4.0 97.8 ± 4.0
A.creuntus 29.4 ± 1.4 49.6 ± 2.5 93.6 ± 4.1 96.8 ± 4.1 98.1 ± 4.1
A.mantegaz-zianus 26.5 ± 1.5 45.2 ± 2.4 93.1 ± 4.1 95.9 ± 4.0 96.8 ± 4.0

It is known that the seeds of different plants maintain their 
germinating ability at different times. During the storage of 
seeds, their quality and germinating ability decreases. In this 

sense, the germinating ability of seeds of different species of 
amaranth was studied in different periods (Table 3).

Table 3. – Influence of storage of seeds of various amaranth in different terms on germination

Amaranth species
Germinating ability.%

6 months 1 year 2 years 3 years 4 years 5 years 6 years
A.hybridus 90.5 ± 3.7 96.9 ± 4.0 96.3 ± 4.0 96.1 ± 3.9 95.7 ± 4.1 94.4 ± 4.1 82.3 ± 3.7
A.edulis 90.2 ± 3.7 97.4 ± 4.1 96.8 ± 4.1 96.0 ± 3.9 95.1 ± 4.1 93.7 ± 4.0 80.4 ± 3.7
A.cruentus 91.8 ± 3.8 98.8 ± 4.2 98.2 ± 4.2 97.5 ± 4.0 96.4 ± 4.2 94.8 ± 3.9 85.1 ± 4.0
A.mantegaz-zianus 90.1 ± 3.6 96.6 ± 4.0 96.1 ± 4.1 95.8 ± 3.9 94.9 ± 4.0 93.6 ± 3.9 80.3 ± 3.8

According to the data given in the table, the germinat-
ing ability of amaranth species at 6 months after harvest was 
90.1–91.8%, after 1 year it was 96.6–98.8%. This increase in 
germination can be explained by the biological maturation of 
seeds. The seed germinating ability of the studied amaranths 
decreased to 2.5–4.0% within 5 years. In addition, the germi-
nation of seeds preserved for 6 years decreased to 13.7–17.0%.

Activity of hydrolytic enzymes of seeds of amaranth 
in the process of growth

In subsequent experiments, the activity of hydrolytic 
enzymes of amaranth seeds was studied during the growing 
process. In the composition of seeds of amaranth species, the 
percentage ratio of organic substances is as follows: proteins – 
15–21%, starch – 60–65%, fats – 6–9% and other substances 
[2]. Also, during the process of growing seeds as a result of the 

splitting of spare carbohydrates metabolites and energy neces-
sary for metabolism appear. A change in the total amylolytic 
activity of growing amaranth seeds was found depending on 
the time and type of plant. Including during the day after sow-
ing the amylolytic activity of the seeds is low, i. е. 0.37–0.48 
mg starch/hour/mg protein, then by the 3rd day of growth 
the highest amylolytic activity was 1.25 mg starch/hour/mg. 
Starting from 96 hours after sowing, the amylolytic activity 
decreased again.

Among the studied species of amaranth, the highest amy-
lolytic activity was in A. cruentus and a relatively low amylo-
lytic activity was shown by A. mantegazzianus. By the 4th day 
of the process of the sprout because of the decrease in the 
content of stored carbohydrates, the amylolytic activity of the 
seeds decreases (Fig. 1).
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Figure 1. General amylolytic activity in various amaranth seedlings (mg starch / hour / mg of protein)

The readings of proteolytic activity in the seeds of the stud-
ied amaranth species are shown in (Fig. 2). The results obtained 
show that the proteolytic activity of growing seeds depends on 
the type of amaranth and the age of the seedlings. In the de-
tected periods, the high proteolytic activity of the seeds in 24, 
48 and 72 hours was in species A. hybridus, and in 96, 120 hours 
was observed in A. edulis species. The reason for this is the low 
content of reserve protein in the seeds of this species.

According to the results of the research, it is possible to 
emphasize the importance of the issue that the highest read-
ings of the proteolytic activity of various amaranth seedlings, 
in contrast to amylolytic and lipolytic activities, are observed 
on the 4th day (by 96 hours) of the growth process. After the 

exhaustion of the reserves of the basic carbohydrates, which 
are easily included in the metabolism of the seed growing pro-
cess, breakdown of proteins and fats is observed [2].

As emphasized above, the percentage of carbohydrates in 
amaranth seeds reaches 6–9%. In the process of growing seeds, 
lipids, which are one of the reserve substances, are degraded 
by means of various lipases. Therefore, the total lipolyticactiv-
ity in the processes of seed growth of amaranth was studied. 
The results obtained are shown in (Fig. 3).

During the initial growth of seeds (24 hours), lipolytic 
activity is low and after 2 days it sharply increases (by 2–2.5 
times). High lipolytic activity is observed in 72 hours of 
growth of seeds, and then this activity is markedly reduced.

Figure 2. Proteolytic activity of the seedlings of different amaranth species (µM of tyrosine/mg/hour)
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Figure 3. Total lipolytic activity in sprouts of various amaranths (0.01 N NaOH ml/mg protein/hour)

Conclusions
There are no sharp differences in the germinating abil-

ity of the seeds of the studied amaranth species. Within 5 
years, depending on the storage period, the seed germinat-
ing ability rate gradually decreases. The germinating ability 
of seeds stored for 6 years is markedly reduced. Therefore, 
it is advisable to use seeds of amaranth as a seed bearing, 
preserved for 5 years.

Atcultivation of amaranth seeds are grown in laboratory 
conditions at an optimal temperature, high amylolytic and 
lipolytic activity is observed by the 3rdday of growth, the ac-
tivity of proteolytic enzymes by the 4thday of the experiment. 
Between the dynamics of seed growth of various amaranth in 
optimal conditions and changes in the activity of hydrolytic 
enzymes, a positive correlation is observed.
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NITRATE REDUCTASE ACTIVITY OF RNAi-BASED COTTON VARIETIES

Abstract: It has been examined nitrate reductase activity in different vegetative organs of cotton “Cocker 312” 
(control) and gene knock-out line, obtained by silencing phytochrome A1 gene, at different time of day and ontogen-
esis phases. The results of study has shown that nitrate-reductase activity in leaves of RNAi-based varieties exceeds 
at least by 34% the control genotypes at the late stages of cotton ontogeny.

Keywords: cotton, nitrate reductase, PHYA1, RNAi.
Nitrate is the main source of nitrogen for the most higher 

plants. It is converted into ammonium ions by action of the 
enzymes nitrate reductase (NR). It is in the form of ammonium 
ions that is contained in amino acids, proteins, nucleotides. ATP 
and NADH+, generated during photosynthesis, are required for 
the functioning of the nitrate reductase. In turn, glucose synthe-
sized in plants during photosynthesis, and pyruvic acid, which is 
the final product of carbohydrate decomposition, is the starting 
material for the biosynthesis of amino acids.

So the carbon and nitrogen cycles of plants are inextrica-
bly linked to each other. Usually, photosynthetic activity posi-
tively correlates with the nitrogen content in leaves, mainly be-
cause the synthesis of the photosynthetic apparatus is broken 
without nitrogen. And more, one of the most frequent con-
sequences of nitrogen deficiency is changing in the amount 
and activity of key enzyme of photosynthesis – Rubisco [1].

The purpose of the presented work was a comparative 
study of nitrate reductase activities of two cotton (Gossypium 
hirsutum) representatives: ‘Coker 312’ variety (control) and 
“T6-1-7” line, obtained by transformation of the above cultivar 
using RNA interference technology. RNAi line contains the 
construct which suppresses expression of the phytochrome 
A1 gene in cotton [2].

Material and methods. Assessment of nitrogen status of 
cotton genotypes was determined by nitrate reductase activ-

ity (the NRA), main enzyme that reduces nitrate to ammoni-
um – the characteristic form of nitrogen in organic substances 
(amino acids, nucleotides, proteins etc.) [3].

To determine the activity of nitrate reductase and the 
content of nitrates in plant tissues, a sample of 500 mg of leaf 
tissue (diameter ~ 4 mm) cut from 4 parallel leaves (each of 
which is collected from an individual plant) from sections of 
the leaf blade that do not contain large conductive veins. Sam-
ples were poured into 10 ml of a standard incubation solution 
[4] containing 50 mM KNO3, 100 mM potassium phosphate 
buffer, pH 7.5, 1% (v / v) 1-butanol, and incubated under an-
aerobic conditions (vacuum infiltration) for 30 min at 30 °C, 
in the darkness with constant stirring. After the incubation 
time, zinc acetate was added to aliquots of each sample (to a 
final concentration of 50 μmol) [5], the samples were boiled 
for 2–3 minutes (for inactivation and subsequent conversion 
of NO2-ions to gases – N2O and NO), cooled, centrifuged at 
maximum RPM (Eppendorf), and then the content of nitrite 
(NO2) released into the incubation medium was determined 
using a Griss reagent [3].

The extracts evaluated on the nitrate content by reaction 
with salicylic acid (Cataldo et al., 1975). 0.4 ml of a freshly 
prepared 5% solution of salicylic acid in concentrated H2SO4 
was added to 0.1 ml of the extract obtained as described above. 
The formation of the colored complex was continued for 20 
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min at room temperature. The coloration was formed in alka-
line medium, so 9.5 ml of 2 N NaOH was added and measured 
at 410 nm on a suitable spectrophotometer. Solution in which 
salicylic acid was replaced with concentrated H2S04 was used 
as a control. Calculations were carried out according to a cali-
bration schedule constructed according to KNO3.

Results and discussion. At the first stage, we studied 
the nitrate reductase activity of the vegetative organs of cot-

ton. As a result, it is shown that assimilation of nitrates was 
carried out in all vegetative the organs of the plant irrespec-
tive of the variety. The study of the activity of the enzyme 
in the vegetative organs of cotton showed that the main role 
in the process of reduction of nitrates was assumed by the 
leaves. At the same time, in the roots of plants, not more 
than 10% of nitrates were reduced from their total amount 
of plants restored (Table 1).

Table 1. – Potential activity of nitrate reductase (NR) in vegetative organs of different varieties of cotton

Varieties NR, µmol/h*g
Leaves Stems Roots

Cocker-312 15.37 ± 0.25 1.55 ± 0.08 1.19 ± 0.09
An-Bayavut-2 14.30 ± 0.21 1.57 ± 0.06 1.89 ± 0.13
С-6524 17.58 ± 0.23 1.51 ± 0.07 1.76 ± 0.11
Tashkent-6 16.30 ± 0.22 1.59 ± 0.05 1.32 ± 0.10
Namangan-77 14.56 ± 0.22 1.40 ± 0.06 1.09 ± 0.08

Studies of the dynamics of the nitrate reductase activity 
in ontogenesis were also carried out. As a result of the experi-
ments carried out on the control plants of Cocker-312, it was 
shown that the dependency diagrams of the enzyme activity on 
the ontogenesis phase has a dome-like character: the activity 
rises from the emergence phase, reaching a maximum in the 
budding and flowering phase, and then gradually decreases 

(Table 2). This fact can be explained by the increase in the over-
all physiological activity of the plant from the seedling phase to 
the flowering phase and, consequently, the increased demand 
for nitrogen. The decrease in the activity of nitrate reductase to 
the maturation phase can be explained by the attenuation of 
physiological processes in the plant as a whole, and as a con-
sequence, by a decrease in the demand for nitrogen nutrition.

Table 2. – Potential nitrate reductase activity in Coker‑312 
cultivar according to stages of plant development

Stage of development NR, µmol/h*g
Leaves Stems Roots

Seedling 9.4 ± 0.15 - 0.59 ± 0.05
First real leaf 11.4 ± 0.18 0.94 ± 0.07 0.75 ± 0.07
Budding 15.37 ± 0.25 1.55 ± 0.08 1.19 ± 0.09
Flowering 13.6 ± 0.19 1.12 ± 0.09 0.84 ± 0.06
Maturation 10.6 ± 0.13 0.91 ± 0.03 0.62 ± 0.07

Figure 1. The nitrate reductase activity in Coker‑312 variety depending on the time of day. Notes: on the 
abscissa – time after sunrise, in hours; the ordinate shows the activity of nirate reductase, in µmol/h * g
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At the same time, the rate of accumulation of nitrates and 
their recovery as well as depending on the time of day were 
investigated. According to the results of the study, a clear cir-
cadian rhythm of the enzyme is traced: the minimum rate of 
reduction of nitrates was observed in the dark, with the onset 
of the day the activity of the enzyme increased, reaching its 
maximum in 5–6 hours after sunrise (Fig. 1).

In addition, the comparative activity of the enzyme in 
control and gene-knockout varieties of cotton was studied. 

Table 3 shows the values of nitrate reductase activity in the 
leaves of the initial variety samples and their gene knockout 
derivatives containing the PHYA1-RNAi insertion, whose 
presence in the genome of the gene-knockout varieties was 
confirmed by PCR (results not shown) [2].

As can be seen from the presented data, in the “AN-Baya-
vut-2” variety, the nitrate reductase activity during the testing 
varied from 11.71 μmoles (minimum value) to 17.82 μmoles 
(maximum), averaging 14.30 μmoles.

Table 3. – Nitrate reductase activity [µmoles of NO2
‑ /g *h) leaves of RNAi‑

based varieties of cotton in comparison with their original varieties

Genotypes
Date of analysis* Arithmetical mean

М ± mI II III IV

An-Bayavut-2 11.71 ± 0.18 12.91 ± 0.20 17.82 ± 0.24 14.74 ± 0.22 14.30 ± 0.21

Porloq-1 18.05 ± 0.22 12.11 ± 0.20 17.82 ± 0.23 22.11 ± 0.25 17.52 ± 0.22

С-6524 14.45 ± 0.20 19.14 ± 0.23 20.39 ± 0.26 16.34 ± 0.22 17.58 ± 0.23

Porloq-2 15.31 ± 0.21 19.71 ± 0.23 21.37 ± 0.25 22.05 ± 0.27 19.61 ± 0.24

Tashkent- 6 11.37 ± 0.19 18.80 ± 0.21 21.42 ± 0.25 13.60 ± 0.23 16.30 ± 0.22

Porloq -3 27.47 ± 0.26 22.00 ± 0.22 12.51 ± 0.17 10.05 ± 0.15 18.00 ± 0.20

Namangan-77 11.99 ± 0.17 18.91 ± 0.23 13.32 ± 0.19 14.02 ± 0.21 14.56 ± 0.20

Porloq -4 15.19 ± 0.21 18.40 ± 0.23 21.53 ± 0.25 19.19 ± 0.23 18.58 ± 0.22

* I –Jule, 10, II – Jule, 15, III – Jule, 21, IV – Jule, 25

The average mean “M” of nitrate reductase activity in 
the Porloq-1 gene-knockout cotton variety is 17.52 μmoles, 
which is 22.94% higher than the original parent of the An-
Bayavut-2. Similar parameters for the C-6524 variety are 
represented by the figures 14.45 and 20.39 μmoles, respec-
tively, with a mean arithmetic value of “M” of 17.58 μmoles, 
while its gene-knockout form – Porloq-2 the indicator cor-
responds to 19.61 μmoles, which is 11.55% higher in com-
parison with the original genotype “C-6524”. The average 
arithmetic mean “M” in Porlock-2 was the highest among 
all tested genotypes (Table 3). Strong differences in enzy-
matic activity were noted in the Tashkent-6 – Porlock-3 pair. 
Nitrate reductase activity in 79 day-old Porlock-3 plants was 
27.47 μmol versus 11.37 μmol in Tashkent-6 on the same 
dates of the analysis. With increasing age of the plant, ni-
trate reductase activity in Porlock-3 gradually decreased, in 
Tashkent-6, on the contrary, it grew, reaching a maximum 
value of 21.42 μmol in 90 day-old plants, followed by a drop 
to 13.60 μmol (table, group III). Nevertheless, the average 
value of “M” nitrate reductase activity in the gene-knockout 
grade Porlock-3 was 10.43% higher than in Tashkent-6. And, 
finally, in the Namangan-77 variety, the minimum value of 
nitrate reductase activity was 11.99 μmoles, the maximum 

value was 18.91 μmoles, with the value of “M” equal to 14.56 
μmoles, which is 27.61% lower than the gene knockout form 
Porlock-4.

It is well known that the assimilation of nitrates by plants 
is a very complex process that depends on the species and 
biological characteristics of plants and is subject to signifi-
cant influence of environmental external factors: plant nu-
trient conditions, illumination, soil pH, temperature, salt 
concentration in soil and nutrient medium, irrigation, i. e. 
[6–8]. Both in nature and in the laboratory condition they 
do not act on their own, but in complex. In this case, the 
enzymatic activity of nitrate reductase in plants is a balance 
between the relative rate of synthesis / degradation and the 
activation / inactivation of the enzyme, the factors can affect 
the overall activity of the enzyme by interfering with any of 
these processes [9].

Thus, a higher level of nitrate reductase activity in all 
cotton gene-knockout forms Porloq in comparison with the 
initial varieties (An-Bayavut-2, C-6524, Tashkent-6 and Na-
mangan-77) allows to suggest that the insertion into the cot-
ton genome PHYA1-RNAi vector induces systems involved in 
the transport and utilization of inorganic nitrogen fertilizers, 
thus increasing the overall yield of gene-knockout varieties.
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STUDY OF CARBON AND NITRATE EXCHANGE IN COTTON 
GENOTYPES OBTAINED BY “PHYA1-RNAi” TECHNOLOGY

Abstract: The study of photosynthetic and nitrate reductase activities of cotton “Cocker 312” (control) and its 
“T6-1-7” line, obtained by silencing phytochrome A1 gene, using gene-knockout technology, has shown the positive 
correlation between the tested parameters in both genotypes. At the same time, higher potential of the photosynthetic 
apparatus was established in these plants. The nitrate-reductase activity in leaves exceeds at least 34% the control 
genotypes at the late stages of cotton ontogeny.

Keywords: cotton, photosynthesis, PHYA1, RNA interference (RNAi).
RNA interference (RNAi) is an “innovative technology” 

that helps to determine the functions of agricultural genes, 
and thus solve the problems of cotton growing by creating a 
“biotechnological” cotton varieties with suppression of un-
wanted genes, but improved expression of the desired trait 
(s). Currently, RNAi is used for functional studies of many 
agronomically, biologically and physiologically significant 
cotton genes associated with the development of cotton fiber 
(Gossypium spp.); early maturation and flowering; increased 
yield; fertility and embryogenesis; resistance to viral, fungal 
diseases and insects; resistance to various abiotic stresses; and 
improving the quality of seeds and oil [1, 2].

However, detailed molecular intracellular mechanisms 
responsible for the realization of RNA interference effects 
are rarely established [3–7]. At the same time, photosynthe-
sis is one of the main physiological processes whose activ-
ity affects the plants yield. In this context, the purpose of 
this work was a comparative study of photosynthetic and 

nitrate reductase activities of two cotton (Gossypium hir-
sutum) representatives: “Coker 312” variety (control) and 
“T6-1-7” line, obtained by transformation of the above culti-
var using RNA interference technology. RNAi line contains 
the construct which suppresses expression of the phyto-
chrome A1 gene in cotton [7].

Material and methods. Determination the photosyn-
thetic activity of cotton genotype accessions was carried 
out by method, based on the measurement of parameters of 
fluorescence of chlorophyll at excitation by pulse-amplitude-
modulated light by means of – MINI-PAM PAM- fluorim-
eter Watlz (Germany). The fluorimeter has such advantages 
as the informativity, expressiveness, preservation nativity of 
the sample after measurement and high sensitivity [8]. Pho-
tosynthetic efficacy was estimated by parameter “YIELD” 
(the quantum yield of photochemical processes in photo-
system II) which was calculated by formula:

YIELD = (F´M – F)/F´M),



STUDY OF CARBON AND NITRATE EXCHANGE IN COTTON GENOTYPES OBTAINED BY “PHYA1-RNAi” TECHNOLOGY

29

where, F – is the fluorescence intensity at a given time, and 
F´M – maximum intensity, which most fully characterizes the 
efficiency of the primary, light phase of photosynthesis [8, 9].

Assessment of nitrogen status of cotton genotypes was 
determined by nitrate reductase activity (the NRA), main en-
zyme that reduces nitrate to ammonium – the characteristic 
form of nitrogen in organic substances (amino acids, nucleo-
tides, proteins etc.) [10].

Results and discussion. The analysis of the photosynthet-
ic activity of the studied genotypes at different stages of vegeta-
tive growth has shown that, since 70–75 day of vegetation (with 
emergence and developing of reproductive organs) the average 
“YIELD” value of the gene-knockout cotton plants was reliably 
high (2.5%) related control genotypes, that testifies of higher 
assimilation (acceptor) activity of their leaves.

The highest value of the “YIELD” parameter at both 
genotypes has fallen on July 22–25 (approximately 97–100 

day plants), followed by the expected plant ageing related to 
regression of this parameter. Moreover, how it shown in Fig. 
1, in the bearing stage of cotton plants the “YIELD” value of 
gene-knockout line was 12% lower, than in Cocker 312 con-
trol genotypes (Fig. 1).

Accordance to the physiological life cycle of cotton 
plants the decrease of leaves photosynthetic activity at the 
later stages of ontogeny is followed by catabolic processes ac-
tivation. As a result it must be followed by an outflow of syn-
thesized nutrients from leaves to the developing fruit. The 
understating revealed by us (concerning control) “YIELD” 
values in gene – knockout lines at late stages of ontogen-
esis can be result of earlier shift at them acceptor – donor 
relationship towards the developing fruit. Not accidentally 
that the “T6-1-7” line, as well as others PHYA1-RNAi cotton 
genotypes, are differ both high productivity and also early 
maturity.

Figure 1. The dynamics of alteration “YIELD” parameter of “T6‑1‑7” line ( ) and “Coker 312” ( ) during tested period

PAM-fluorimetry is one of advanced opportunity to deter-
mine not only the maximum quantum yield of photosynthesis 
but also effective quantum yield of photosynthesis (determined 
after the adaptation of plants to darkness) which allows to calcu-
late the depth of the fall of the quantum yield of photosynthesis 
caused by the phenomenon of “photo-inhibition” (Fig. 2).

Above parameters are permissive to discuss how effective 
solar power utilized by plants. It is considered that the basis 
of “photo-inhibition” has decreased the photo-chemical activ-
ity of chloroplasts – initially without significant degradation 
of pigments and membrane proteins, and after prolonged ac-
tion of high intensity light, especially in the stress conditions 
(temperature, lack of water, etc.). Photo-inhibition is followed 
by photooxidation of pigments, destruction of chloroplasts 
structures and other irreversible changes [9, 11].

Comparisons of the “YIELD” parameter have shown 
that during all of daily testing period “T6-1-7” line has reli-
able higher “YIELD” value than “Cocker-312” – the control 
genotype (Fig. 2). It means that the gene-knockout cotton 
plants are more resistance to photo-inhibition and therefore 
“the effective quantum yield of photosystem II” of these plants 
is higher in comparison to the genotype “Coker 312”.

It is pertinent to note that one of the noticeable phe-
notypic characteristics of “T6-1-7” line, as well as other 
PHYA1-RNAi cotton genotypes (set of Porlock cultivars), 
is saturated pigmentation of the leaves – “anthocyanin 
suntan”, which appears not only in closer to the autumn 
(senescence), but is present in the leaves of these geno-
types throughout the entire physiologically active period of 
plants [7]. Anthocyanins were known as a substance par-



Section 2. Biology

30

ticipating in oxidation-reduction reactions long time ago. 
According A. E. Solovchenko and M. N. Merzlyak (2008) 
the presence of both anthocyanins and carotenoids in high 
concentrations in certain tissues and cell compartments is 
capable to prevent damage of chlorophyll and other poten-

tial photosensitizers [12]. Probably, the high content of pig-
ments in leaves of the gene-knockout cotton genotype makes 
them more resistant to photo-inhibition, providing thereby 
a rather high potential of theirs photosynthetic apparatus in 
comparison with initial genotype.

Figure 2. Daily change curves of cotton line T6‑1‑7 ( ) and cultivar “Coker‑312” ( ) “YIELD” parameters

The investigation of nitrate reductase activity of tested 
cotton genotypes has shown a definite correlation between 
there leaves nitrogen status and photosynthetic activity. The 
higher value of nitrate reductase activity was determined ap-
proximately at the same date, as the peak of photosynthetic 

activity – 98th plant growing day. The enzyme value corre-
sponded to 2090.3 nmol nitrite ions (NO2

–), produced by 
“Coker-312” leaves tissue during 1 hour of incubation time 
(per mg of protein) and 2032.6 [nmol NO2

– (mg protein, 
hour) –1] – produced by “T6-1-7” genotypes (Table 1).

Table 1. – Age –related changes of nitrate reductase activity in leaves of “Cоkеr 312” 
cotton cultivar и “Т6‑1–7” RNAi line, [nmol NO2

– (mg protein * hour)–1]

Genotypes Age of plants, days
86 98 116

Coker-312 1371 2090.3 1767.86
Т6-1–7 1472 2032.6 2677.08

With the age of plants, nitrate-reducing activity of the 
leaves, as well as their photosynthetic activity, was decreased, 
amounting in “Coker 312” enzyme value of 1767.86 [nmol 
NO2

 – (mg protein, hour) –1] and in “T6-1–7’’ gene-knockout 
genotype– 2677.08 [nmol NO2

–(mg protein, hour) –1] for 
(table 1). Comparison among themselves above two tested 
genotypes in this parameter has shown that at late stages of 
ontogenesis, nitrate reductase activity of leaves of T6-1–7 line 
significantly (for 34%) exceeds ones of control genotypes.

Although cotton fiber almost does not contain nitrogen, 
there is a lot of nitrogen in cottonseeds. Thus, according to 

Tarp (1960), seeds of one bale of raw cotton contain about 
16 kg of nitrogen [13], the mobilization of which in seeds is 
ensured by the coordinated functionalization of nitrate trans-
portation and nitrate reducing systems.

Thus, increasing productivity of cotton PHYA1-RNAi 
lines, observed in this work, apparently, is integrated ex-
pression of the developed/elongated root system, saturated 
pigmentation, effective use of light quant and high nitrate 
reductase activity of their leaves at the bearing stage of cot-
ton plant.
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MORPHOLOGICAL AND SPECIFIC FEATURES OF CAUSATIVE 
AGENTS OF PARAMPHISTOMATOSIS OF CATTLE IN THE 

LOWER REACHES OF THE ZERAFSHAN RIVER

Abstract: The article presents data on the results of studies of the species difference and morphological features 
of the structure of different types of gastrointestinal trematode-paramphistomatosis.

Keywords: helminthiasis, trematode, fascioliosis, dicrocoliosis, paramphistomatosis.
Introduction. Among the parasitic diseases of cattle 

trematodozy (fascioliosis, dicrocelia, paramphistomatosis) 
are one of the main helminthiases causing significant damage 
to cattle breeding, they are also affected by wild mammals. 
International organizations (FAO, WHO, OIE) view them as 
part of the global ecologic and food problem.

The most common among the ruminant animals are trem-
atodes: paramphistomatoses, the causative agents of which are 
localized in the rumen (mature individuals) and the submuco-
sal layer of the duodenum (young parasites) in cattle, causing 
acute or, more often, chronic course of the disease, accompa-
nied by general intoxication, digestive system disorders and 
exhaustion of the body, which leads to the death of the animal. 
Paramphistomatoses, in turn, are divided into several species, 
each of which has its own specific morphological structures, 
characteristic for each species and the study of which is nec-
essary for the classification of diseases. In Uzbekistan, this 
helminthiasis is widespread.

Aims and objectives of research
The aim of the research is to study the specific features 

and morphological aspects of some types of causative agents 
of cattle paramphistomatosis.

The objectives of the research are to study the individual 
characteristics of some types of causative agents of the par-
amphistomatosis of the lower reaches of the Zeravshan River.

Materials and methods of research
The species composition of paramphistomatoses in cattle 

and their distribution were studied (2005–2017) by complete 

helminthological autopsies (according to K.I Skryabin) of 
plain tripe and small intestines of animals killed in slaughter-
houses and fallen in farms of Samarkand and Navoi regions.

A total of 738 plain tripe and intestines of cattle of dif-
ferent ages (calves up to one year, 1–2 years, over two years 
old) were examined. Of these, larvae affected by paramphi-
stomatosis were 195 animals, in which 30174 specimens of 
paramyphistomatid larvae were found. They were collected 
manually, placed in separate glass jars with water and supplied 
with a label on which the species, sex, the animal’s appearance, 
the date of opening and the name of the farm from which it 
was received were indicated. The trematodes were kept in wa-
ter for 24 hours, and then the length and width of their bodies 
were measured, then they were fixed in a 3% formalin solu-
tion. To determine the species identity of paramphistomato-
ses, all procedures, such as: washing of pathological material, 
fixation were carried out in the laboratory, and preparation 
of total preparations and sagittal sections was carried out at 
the Department of Human Anatomy of the Samarkand State 
Medical Institute.

Results of the study
During the period 2005–2017, 195 animals were exam-

ined in the laboratory, infected with paramfistomatoses, liv-
ing in the middle reaches of the Zerafshan River. They found 
30174 specimens of larvae of paramyphistomatids.

Morphological study showed that these trematodes found 
in pathological materials belong to the following three kinds 
of different families of the family of Paramphistomatidae: Col-
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icoforon colicophorum (Fischoder, 1901), Liorchis scotiae 
(Wilmott, 1950, Vielichko, 1966). Family: Gastrothylasidae: 
Gastrothylax crumenifer (Creplin, 1847 The Poierier, 1883).

Family name Colicophoron(Nasmark,1937)
Type Colicophoron colicophorum (Fishoeder,1901)
Quite large trematode, pear-shaped. Body length 13–19 mm, 

at the anterior end of its cuticular papillae absent. The ab-
dominal sucker is located at the posterior end of the body, 
its length is 3.17–3.760 mm, width 3.438–3.867 mm. The 
histothesis shows that the abdominal sucker is constructed 
according to the colicophoroid type, the dorsal outer layer 
of the round muscles is not divided into the dorsal outer first 
and dorsal outer second layer. There are no oblique and lon-
gitudinal muscle fibers. The pharynx is oval, 1.608–1.671mm 
long, 1.289–1.307mm wide. Its ratio to the total body length is 
1: 10.7. It is seen on the histosuction that the structure of the 
pharynx is calicophoreal – it has extremely poorly developed 
internal layers of round and longitudinal muscles. Esophagus 
S-shaped, its length 1.18–1.31 mm before the genital orifice, 
the esophagus branches into two lateral intestinal tubes, which 
end at the level of the middle of the abdominal sucker. Tes-
tes lobed and arranged diagonally, their length, 90–2.10 mm, 
width – 2.11–2.88 mm. Approximately in the middle of the 
anterior half of the body there is a fairly deep cup-shaped de-
pression, at the bottom of it there is a powerful genital papilla, 
the distal end of which is surrounded by a muscular roller 
forming the true genital orifice. The ovary is round, its length 
is 0.955–1.069 mm, width 0.640–1.067 mm. Vitellaria extend 
from the level of intestinal bifusion to the level of the middle 
of the abdominal sucker. The length of the egg is 0.104–0.127 
mm, width-0.061 mm.

Family name Liorchis Vielichko, 1966
Type Liorchis scotiae (Wilmott, 1950, Vielich-

ko,1966).
Liorchis is a trematode of medium size: body length 12– 

–14 mm, width – 4–6 mm. Abdominal sucker of liorhoid type, 
ratio of its diameter to body length is 1: 4. The pharynx is of 
the lyroid type, 0.84 mm long, the ratio of its length to the 
body length is 1: 7.6–9.5, the mucosa in the anterior third is 
lined with large papillae.

The esophagus is straight or S-shaped, 0.81 mm long, the 
inner lining is thickened; it is surrounded on the outside by 
cells that are arranged in several rows in the anterior and pos-
terior parts, forming a collar-like thickening. In the anterior 
third of the body, the esophagus divides into two intestinal 
branches that extend to the posterior testis or to the front edge 
of the middle or the posterior edge of the abdominal sucker. 
Testes are transversely oval, surface-lobed or deep-holed, lo-
cated one after another. The seminal vesicle is comparatively 
long, convoluted, the muscular part is absent, the prostatic 

part is spherical. The uterus begins in the area of   the ovary, 
wriggling, is directed forward, dorsally from the testes, in the 
anterior part of the body goes to the metrateria, which joins 
the common hermaphrodite duct. Mehlis’s calf and ovary are 
located between the posterior testis and the abdominal sucker. 
the yolk follicles are connected in small groups, their anterior 
border passes at the midpoint of the pharynx, the posterior 
border at the middle of the abdominal sucker. A sex cell of 
the epiclitoid type, the Laurer channel crosses the excretory 
vesicle, whose opening is located on the dorsal side, behind 
the excretory opening. The length of the egg is 0.144–0.182 
mm, width is 0.060–0.0101 mm.

Family – Gastrothylax crumenifer Poierier, 1883
Type – Gastrothylax crumenifer (Creplin, 1847 The 

Poierier, 1883)
Gastrothylax crumenifer- relatively large trematodes, 

round-oval-shaped, 14–17 mm in length, 5–9 mm in width. 
Cuticle is smooth. Powerfully developed vertical chamber, 
which begins at a distance of 0.7411–0.31 mm from the front 
end of the body and ends at a distance of 0.119–0.442 mm 
from the sucking sucker. A ball-shaped or oval pharynx leads 
to a slightly curved esophagus 0.498 mm–0.829 mm in length. 
The esophagus is bifurcated into two slightly convoluted in-
testinal branches, located laterally on both sides of the ventral 
chamber. Intestinal branches blindly terminate behind the 
level of the anterior margin of the testes. Abdominal sucker 
situated at the posterior end of body, length 1.577–2.012 mm, 
width, 718–2.808 mm, width 1.131–2.597 mm. The genital 
orifice is in front of the fork of the intestine. A transverse-ovary 
ovary 0.658–1.048 mm long and 0.458–0.579 mm wide lo-
cated between the testes at the level of the posterior margin, 
but somewhat closer to the right testis. On the left of the ovary 
are the Mehlis calf, with a diameter of 0.332–0.711 mm. The 
uterus begins at the level of the Melis calf, from where it goes 
forward, to the right intestinal cecum and, approximately at 
the mid-length of the body, passes to the other side. On the 
left side, the uterus is again directed forward, going almost 
parallel to the left intestinal trunk, opens into the common 
genital opening. Eggs are oval in shape and reach a length of 
0.117–0.171 mm and a width of 0.060–0.081 mm.

Conclusions:
1. In the irrigated and submontane-mountainous zones of 

the Samarkand and Navai regions, to the previously registered 
various trematodes of cattle, local foci of paramphistomatids 
of cattle have joined.

2. The causative agents of paramyphytomatosis are the 
trematodes of the plain tripe of cattle: Colicophoron colicoph-
orum, Liorchis scotiae, Gastrothylax crumenifer. Previously, 
these trematodes were not recorded on the territory of these 
regions.
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Abstract: Ecological characteristics of wheat phytonematodes and wild-growing cereals in Uzbekistan are given 
in the article. During the study, 237 species of phytonematodes belonging to 2 subclasses, 8 orders, 37 families and 83 
genera were found. The observed species by ecological groups were distributed as follows: pararisbionts-51 species, 
eusaprobes-18, devisaprobionts-63, potential parasites-84, present parasites-21 species.

Keywords: Phytohelminthological studies, phytonematodes, wheat, wild plants, ecological groups.
In the Republic of Uzbekistan, wheat is one of the main 

agricultural crops, which, like other crops, are affected by phy-
topathogenic microorganisms among which phytonematodes 
take a special place. And also, the study of phytonematodes 
of wild flora is of great interest for the establishment of host 
plants and biotypes. This issue is even more interesting by the 
fact that many polyphagous parasitic nematodes can easily 
pass from cultivated plants to wild plants and vice versa. In 
this sense, plants of wild flora can ensure the conservation of 
the parasite in nature.

Despite the presence of a significant number of works on 
nematodes of wheat and wild grasses abroad, on the territory 
of Uzbekistan, information on the study of the phytonema-
tode fauna of wheat and wild cereals is very scarce. This is ex-
plained by the fact that until this time complex phytohelmin-
thological studies in this direction have not been carried out. 
Proceeding from this, the purpose of our study was to study 
the phytonematode fauna of wheat and wild cereals in vari-
ous soil-climatic zones of grain-growing farms in Uzbekistan.

Material and methods
Phytohelminthiological studies were conducted in 2010–

2017. The studies were carried out by the conventional route 
method [1, 76–84]. The material of phytohelminthological 
studies was collected in 37 districts, 12 regions of the republic, 
also including the Karakalpak Autonomous Republic. A total 
of 420 soil samples, 345 samples from the root system and 
374 samples of the above-ground organs of wheat and wild-
growing cereals, such as the oats of Louis (hairy), bulbous 
bulbous grass, wild-growing barley (bulbous), wild rye and 
intoxicating weed were collected and analyzed. The phytone-
matodes were removed by Berman’s funnel method and fixed 
with a 4% formalin solution. Enlightenment of nematodes was 
carried out in a mixture of glycerin and alcohol (1:3) and for 

permanent processing of the material constant preparations 
were prepared on glycerine according to the method of Sain-
horst [4, 57–59]. Soil samples for the presence of a cyst-form-
ing nematode were usually analyzed by the standard Dekker 
technique [3, 201–237].

In determining the species belonging to phytonematodes, 
the works of domestic and foreign authors were used, as well 
as the atone of phytonematodes compiled in the Institute of 
Parasitology of the Russian Academy of Sciences.

And also, we used morphometric indicators obtained 
according to the generally accepted de Mann formula in the 
modification according to Micoletzky [5, 224–228].

Results and discussion of the study
For the systematic analysis of registered phytonematodes, 

we used the AA system. Paramonova [1, 128–265].
During the study period, 237 species of phytonematodes 

belonging to 2 subclasses, 8 orders, 12 suborders, 17 super-
families, 37 families, 42 subfamilies and 83 genera were found 
in the examined and analyzed cultures.

Phytonematodes unite very different ecological groups. 
A. A. Paramonov proposed an ecological classification based 
on trophic connections of nematodes with plants or other soil 
organisms and identified 5 ecological groups: pararisbionts-
freeliving soil forms; eusaprobes-real inhabitants of the putre-
factive environment; devisaprobionts-semiprobrobiotic in-
habitants; phytohelminths of a specific pathogenic effect-real 
parasites of plants; phytohelminths of nonspecific pathogenic 
effect or nonspecific parasites [2, 338–369].

The species of phytonematodes registered by us on wheat 
and wild-growing cereals in Uzbekistan in terms of ecological 
groups are distributed as follows: parasubionts-51 (21.5%), 
eusaprobes-18 (7.6%), devisaprobionts-63 (26.6%), phy-
tohelminths of the nonspecific pathogenic effect (potential 
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parasites)– 84 (35.4%), phytohelminths of a specific patho-
genic effect (real parasites) – 21 (8.9%).

Basal soil and plant organs differ in their ecological composi-
tion. In the basal soil of wheat and wild plants, the species feeding 
on the microbial complex (pararisbionts) are represented by 51 
species. Among the polytrophs, mass species do not exist. Com-
paratively more often than others in the soil, there are species like 
Plectus parietinus and Monhystera simplex. Common for wheat 
and wild cereals are 19 species. Representatives of polytrophs in 
stems and leaves are absent, but in the roots are very rare.

Eusaprobes (typical saprobionts) are represented by 18 
species. Their main mass is confined to the basal soil. Com-
mon for wheat and wild cereals are 7 species. Of the typical 
saprobionts, the most numerous were Rhabditis brevispina, 
which accounted for almost the entire mass of nematodes in 
the basal soil and in the roots of plants.

Devisaprobes are represented by 63 species. Among 
them, Panagrolaimus rigidus, P. subelongatus, Chiloplacus 
propinquus, Ch.sclerovaginatus, prevailed in all soil samples. 
Somewhat less than the previous species are Cephalobus per-
segnis, Acrobeloides nanus, A. buetschlii, A. labiatus, Panagrolai-
mus fuchsi. The remaining species are extremely rare.

The group of nonspecific (potential) parasites is the most 
diverse eco-group (84 species) in the nematodafauna of the 
plants under study and make up about two of all the species 
detected and more than half of the phytonematodes. There 
were often species of genera Aphelenchus, Aphelenchoides, 
Tylenchus and Ditylenchus. Less common were species of the 
genera Paraphelenchus, Pratylenchoides, Neotylenchus, Psi-
lenchus, Representatives of the genera Lelenchus, Aglenchus, 
Malenchus, Hexatylus, Stictylusa, Scutaleum, Deladenus and 
Halenchus presented in small amounts. Mass species include 
Aphelenchus avenae and Aphelenchoides parietinus. Above 
mentioned species are recorded not only in the basal soil, but 
also in all organs of the investigated plants. In the faunistic 
complex, another 11 species can be included: Aphelenchus 
cylindricaudata, A.composticola, A.limberi, A.parasaprophilus, 
A.trivialis, A.orientalis, Psilenchus hilarulus, P.clavicaudatus, 
Ditylenchus myceliophagus.

Typical parasites in the basal soil are represented by 20 
species. This includes species of genera Xiphinema, Tylen-
chorhynchus, Bitylenchus, Merlinius, Rotylenchus, Helicoty-
lenchus, Pratylenchus, Pratylenchoides, Ditylenchus (D. dip-
saci). Mass parasitic species in the soil are absent. Common 
species include Pratylenchus pratensis, Ditylenchus dipsaci, Bity-
lenchus dubius, Tylenchorhynchus brassicae. For earthen crops, 
ectoparasites may have a definite value, but they are not nu-
merous in the basal soil.

In the root system of the studied plants, 53 species of 
devisaprobes were found, of which Panagrolaimus rigidus, P. 

subelongatus, Chiloplacus propinquus, Ch. sclerovaginatus and 
Acrobeloides nanus. Comparatively often there are species of 
Cephalobus persegnis, Acrobeloides buetschlii, Panagrolaimus 
multidentatus, P. mycophilus.

Potential parasites in the roots of wheat and wild cereals 
are represented by 73 species, Aphelenchus avenae, Aphelen-
choides parietinus can be referred to mass species. Also in the 
faunistic complex can include Filenchus filiformis, F. valkanovi, 
Lelenchus discrepans, Ditylenchus triformis, D.myceliophagus, 
Hexatylus viviparus, Psilenchus clavicaudatus. Relatively com-
mon are Aphelenchoides composticola, Aphelenchoides parasop-
rophilus, A. trivialis, A. capsuloplanus, A. delhiensis, A. submer-
sus, Aphelenchus cylindricaudata.

Phytoparasites in the roots are represented by 19 species; 
predominate individuals Ditylenchus dipsaci. This group also 
includes species: Bitylenchus dubius, Pratylenchus pratensis, P. 
neglectus, Helicotylenchus dihystera, H. pseudorobustus, Tylen-
chorhynchus tener, T. brassicae.

14 species of devisaprobes were found in the stems and 
leaves of the studied cultures, including Panagrolaimus rigidus, 
P. mycophilus, P. multidentatus, P. subelongatus, Eucephalobus 
oxyuroides, Chiloplacus propinquus, Ch. sclerovaginatus. The 
first two species occupy a dominant position and make up 
the bulk of phytonematodes.

In the stems and leaves, potential parasites are represented 
by 14 species, among which Aphelenchus avenae, Aphelenchoi-
des parietinus and A. composticola are common. Parasitic nema-
todes in stems and leaves are very rare and are represented 
only by the species Ditylenchus dipsaci.

Wheat spikes are very sparsely populated by nematodes. 
Here there are only 2 species: the wheat nematode Anguina 
tritici and Cephalobus peregnis. Wheat nematodes are noted 
during the ripening of wheat and are mainly represented by 
second-stage larvae.

During the study period in the root soil of wheat the most 
numerous group are potential parasites. In plant tissues along 
with potential parasites prevail devisaprobionts.

Conclusion
Wheat nematode – Anguina tritici in our materials were 

small, but the expansion of wheat fields and the assumption 
of sowing contaminated seeds results in a rather high density 
of their populations.

It should be noted that the aforementioned parasitic 
nematodes were few and serious threat to wheat not pres-
ent. However, the detection on the wheat fields of a complex 
of highly pathogenic parasitic species of nematodes – Prat-
ylenchus, Helicotilenchus, Tylenchhorchus, Anguina and 
Ditylenchus with a sufficiently high density of their popula-
tions, causes particular concern as a widespread dangerous 
disease.
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Abstract: Now scientific search of pollution-free, resource-saving technologies of cultivation of crops is inten-
sively conducted. The solution of this current problem is possible with transition to biological agriculture.
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Introduction. In recent years, in connection with the 

sharply aggravated environmental situation in agricultural 
landscapes, scientists around the world have increasingly 
begun to pay attention to the negative aspects associated 
with farming technology, based on intensive mechanization, 
chemicalization and specialization of agricultural production.
These negative processes are caused, first of all, by a distur-
bance of the equilibrium in the ecological system “soil-plant-
man”. Annual intensive soil cultivation by heavy machinery, 
unregulated use of chemicals without a thorough knowledge 
of biological processes can affect negatively the aggregate of 
organisms that make up this system and lead to unpredictable 
ecological consequences.

Analysis of the current state of land resources, dynamics of 
soil properties shows that a stable trend of soil degradation has 
emerged in agricultural ecosystems: intensification of erosion 
processes, dehumification, imbalance of humus and nutrients, 
soil consolidation, reduction of humus horizon, acidification, 
etc. And this ultimately leads to a decrease in soil fertility. The 
main reason for this truly total degradation of soils is the in-
tensification of environmental disagreements in land use as a 
result of ignorance or ignorance of the ecology of soils and the 
absence of a system of environmental constraints on agriculture.

Thus, the technical and chemical progress in agriculture 
in the 1950s and 1960s led to the fact that it was considered 
impossible to conduct agriculture without chemicalization, 
biological methods in plant growing were consigned to obliv-

ion. To improve the physical properties of heavy soils, only 
mechanical tillage was used, while ignoring the biological 
methods of loosening with the help of root systems of plants, 
soil macro-and microorganisms [2].

In connection with the intensification of man-made soil 
re-consolidation, it is necessary to search for ways to prevent 
this phenomenon, not only by improving the design of ma-
chines and agricultural technologies, but also by using the 
beneficial effects of biological processes on the physical prop-
erties of the soil.

At present, scientific searches for ecologically clean, re-
source-saving technologies for growing crops are being inten-
sively pursued. The solution of this urgent problem is possible 
with the transition to biological farming.

In natural conditions, humification of plant residues in the 
soil is carried out not only by microbes and earthworms, but 
also by many other phytosaprophages. They create fine grain 
and looseness, affect the physical properties and structure, the 
chemical processes, lead to the mixing of chemical elements, 
their accumulation and stabilization in the form of humic sub-
stances that determine soil fertility.The more humus in the 
soil, the better the water, air and thermal regimes of the fertile 
layer, the better the nutrition of plants, the more active is the 
formation of nitrates and carbon dioxide, which are necessary 
for photosynthesis and fixation of atmospheric nitrogen by 
microorganisms living in the root zone. The physicochemical 
interaction of newly formed humic acids with minerals pro-
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tects them from rapid involvement in the biochemical cycle 
and promotes the fixation of humus in the soil [3].

Humus is “bread for plants”. 98% of the reserves of soil 
nitrogen, 60% of phosphorus, 80% of potassium are concen-
trated in it and all other mineral elements of plant nutrition are 
kept in a balanced state, by natural technology. In the inert hu-
mus of the arable layer, up to 87.5% of the energy is contained.

The most rich in humus are chernozems, in which rich 
grass vegetation and the active activity of microorganisms and 
earthworms contribute to the abundant formation of humic 
substances, and the high content of clay minerals ensures their 
fixation in the soil. So the humus soil fund was formed – the 
final result of long (decades and centuries) and various pro-
cesses of decomposition and conservation of substances of 
plant and microbial origin.

Reserves of humus in the soil cover of the earth are un-
evenly distributed. Most of it in the chernozems of meadow 
steppes – from 400 to 700 tons/ha, less – in the soils of tundra 
and deserts, only 0.6–0.7 tons/ha (a thousand times less).

One way to increase soil fertility is the use of biohumus, 
which is the product of vital activity of earthworms [4].

Today vermiculture – growing worms – is gaining more 
followers.

The problem of production of biohumus is acute in desert 
areas and zones of risky farming (Saudi Arabia, Egypt, Israel), 
where the main production of organic products is produced 
in greenhouses. Bio-humus suppliers are the USA – Portland 
on the west coast, where the vermis is well developed, and in 
Russia – the cities of Novosibirsk, Omsk.

Vermicultivation is a new direction in agricultural science. 
Despite the importance of the role of earthworms in providing 
soil fertility, the problem of artificial breeding, obtaining bio-
humus and using biomass was not put before agricultural prac-
tice until the 1960s. The emergence of this direction is caused 
by unfavorable changes in the environment associated with 
the intensification of production in agriculture and industry.

In the process of digesting organic matter in the intes-
tine of worms, humic substances are formed, including high-
molecular organic acids. Their concentration in coprolites of 
worms feeding on manure is several times higher than in the 
initial substrate. The degree of processing of plant residues by 
earthworms is higher than in other saprophages. They not only 
form, but also polymerize low-molecular compounds such as 
humic acids. The presence of these acids is a sign of mature 
stages of humification [5].

On the fertility of the soil, the purely “physical” work of 
earthworms is very favorable. With indefatigable energy, they 
break through it miniature canals and galleries that form a 
branched drainage and ventilation system in a layer of about 
30 cm. Through them, rainwater quickly penetrates into the 

subsoil, dissolving and carrying with it the coprolites of earth-
worms containing all the necessary for the growth and devel-
opment of plants substance. The presence of these channels 
also contributes to the process of branching of the roots, their 
penetration into deeper layers and, ultimately, the increase of 
soil fertility.

In arable soils occupied with herbs or crops grown on 
green fertilizer, the number of walks of earthworms reaches 
1000 per 1 sq. M., And in fields with more frequent soil treat-
ment only 100 … 300 moves per 1 sq. M.

The movements of worms in the soil go in different direc-
tions and at any angle to the horizon. Their walls are saturated 
with dried mucous secretions of these animals, which gives 
them greater strength compared to random cracks in the soil. 
Drainage of soil through the passage of earthworms is one of 
the factors of increasing its fertility. Unventilated, undrained 
soils, which villagers call dead, are devoid of earthworms and 
agronomically of very poor quality. Of course, it’s not the ab-
sence of worms that makes them so. On the contrary, worms 
are not there because of the physical and chemical character-
istics of the soil.

Compared with traditional composting, the processing of 
organic substances by worms makes it possible to increase the 
humification ratio of organic matter by a factor of 1.5–2. The 
obtained biohumus contains biologically active substances, in 
the presence of which the germination of seeds is accelerated, 
the seedlings are pricked, the resistance of plants to diseases 
is increased. The introduction of biohumusinto the soil ex-
cludes oversaturation of its individual nutrients, as is often 
the case with the introduction of high doses of manure and 
conventional composts, crop lodging and other negative con-
sequences.Biohumus, finally, “rejuvenates” the soil. According 
to American experts, even depleted, cold, “dead” soils can be 
brought to a fertile state by systematic addition of biohumus 
for 4 years at a rate of 3 tons / ha. When fertilizing the soil with 
vermicompost, the grown products practically do not contain 
nitrates and heavy metals.

The famous red California worms (or the “red hybrid”) 
were patented by the American doctor Barrett in 1959 as a 
new breed of worms, which he bred on special plantations, 
and then introduced the land (together with worms) that they 
processed for garden crops. The result of such application was 
a sharp increase in the yield of vegetables and a marked im-
provement in their taste [6].

The red Californian worm differs from other species in 
its ability to process all kinds of organic matter, as well as very 
high fertility (more than 100 times) and longevity (4 times) 
as compared to “savages”. The life expectancy of Californian 
worms is 16 years or more, postponing for the season 20 co-
coons. A day eats up to 2 times more than weighs itself. Does 
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not creep anywhere from the boxes in which it is bred.Keep 
worms in winter should be in warm rooms, although they can 
live at a temperature of + 4 to + 40 degrees, they work actively 
at an air temperature of +15 to +25 degrees. Mixtures in which 
worms live should be necessarily moist. To retain moisture, 
it should be covered containers with a piece of polyethylene, 
and add to the food an exfoliated egg powder or lime, since 
worms do not like acidic substrates.

Of the cocoons (eggs) laid by worms in the compost, after 
18–25 days, young individuals appear, which become sexu-
ally mature in 2–3 months and start laying eggs themselves. 
During the year, the number of worms increases more than 
a thousand times. Absorbing together with the soil a huge 
amount of plant remains, protozoa, nematodes, microbes, 
fungi, algae, earthworms digest them. Allocating together with 
coprolites (pieces of earth emitted by worms) a large amount 
of humus, its own microflora, amino acids, enzymes, vitamins, 
other biologically active substances [7].

The fertility of fields and vegetable gardens is directly re-
lated to the amount of humus in the soil. Overfeed humus soil 
is impossible. A very significant difference between biohumus 
and simple organic fertilizers is its high content of water-sol-
uble forms of nitrogen, phosphorus and potassium, the most 
essential substances.Microelements also become more read-
ily available to plants.In total, the amount of humus is 4–8 
times higher than that of manure or compost. Manure in the 
first year is digested approximately 30%, and biohumus – up 
to 60% of the amount contributed to the soil. In addition, 
manure is often used mainly on sawdust base. A sawdust of 
coniferous species spruce and pine are inherently acidic. Get-
ting to the soil with manure, they have an acidifying effect, 
Biogmus, on the other hand, having a pH of about 6.5, helps 
neutralize the excess acidity of the soil.

Thus, red Californian worms are good producers of bio-
humus – an environmentally friendly fertilizer. Physiological-
ly, they almost do not differ from earthworms. There is one, 
but the most important difference, the Californian breeds very 
well and quickly – for a season gives up to 1500 individuals. 
Approximately 90 days later, these “babies” are already giving 
offspring. Also they do not require special care – for a season 
it is enough to give 15–20 minutes. Winter is well tolerated.

The increment of the crop from the application of biohumus 
before planting or sowing at doses of 3–5 tons / ha is: by grain 

to 10–15 centners per hectare, by vegetables 30–70% of the in-
crease from ha, by potatoes to 60 to 80 centners from ha. Exceed-
ing the above doses will further increase the yield. The fertility 
of fields and vegetable gardens is directly related to the amount 
of humus in the soil. Overfeed humus soil is impossible.In the 
famous chernozems of the Central and North Caucasus regions, 
10–14% of humus was once contained, and the thickness of the 
chernozem layer was up to 1 m. It is also known, for example, that 
in the United Arab Emirates, up to 50 cm of biohumus imported 
from Europe are placed on lifeless sands and receive up to 3 or 
more crops per year of environmentally friendly products, which 
allowed the countries of this region to turn from countries im-
porting agricultural products to countries –exporter [8].

The main goal of the research was the development of 
ecologically safe methods of reproduction of soil fertility and 
methods of growing ecologically clean products.

Objects and methods of research
In the present work, experimental methods of research 

were used to study the reproduction of soil fertility, using 
biohumus.

Practical application of biohumus we observed during the 
experiment with tomatoes. Biohumus was taken and mixed 
with ordinary soil with tomato seeds “Black Prince” – a medi-
um-sized variety, and put in pots. Soon more intensive growth 
of a tomato and its inflorescence on 13–14 sm for a month was 
noticed. At the same time, identical tomato seeds planted in a 
pot at one time with experimental only in ordinary soil grew 
by the same time by 10–11 cm.

Results and its discussion
The result of the study was the accelerated growth of 

plants and fruits. Fruits from the experimental pot were ob-
tained 2.5 months after the seeds were planted, and in a pot 
with ordinary soil without the addition of biohumus in 3 
months 10 days.

According to the results of chemical analysis in soil, not 
enriched fertilizer, the content of humus was 5.75%, and in 
soil enriched with fertilizers 7.89%. In soil, taken from a tray 
with worms, the humus content is 50% higher than in soil 
without the addition of fertilizer, which is 11.83%.

Conclusion
Thus, the use of biohumus plays a decisive role in the re-

turn to the soil of organic matter and valuable nutrients for 
plants, helps maintain sustainable farming.
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AYDAR-ARNASAY LAKE SYSTEM: ECOLOGICAL SAFETY AND 
ITS PROBLEMS OF SUSTAINABLE DEVELOPMENT

Abstract: Environmental safety is one of the most important and urgent problems of the present and future of 
our society. The concept of sustainable development arises from the assessment of adverse effects in the geographic 
envelopes and understanding of global environmental problems. By the decree of the Cabinet of Ministers was 
established the National Commission on Sustainable Development of Uzbekistan Republic from November 12, 
1997. (By the decree of the Cabinet of Ministers of November 12, 1997 the National Commission on Sustainable 
Development of the Republic of Uzbekistan was established.) The main goal of the concept of sustainable develop-
ment in Uzbekistan is to strengthen the demographic system, solve economic and social issues, improve and restore 
the natural geographical environment, scientific substantiation of environmental education. In this article discusses 
the issues of environmental safety and sustainable development by the example of the Aydar-Arnasay lake system. 
It is important to study the irrigated and anthropogenic lakes of our arid climate, as well as to ensure environmental 
safety during the disastrous fate of the Aral Sea, unfolding before our eyes.
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1. Introduction
One of the most important problems facing the world 

community is to ensure the safety of humanity on a global 
scale, as well as to ensure and strengthen sustainable develop-
ment of environmental safety as one of the key components 
of this process. Naturally, environmental security is one of the 
global problems of our time. However, comprehensive study, 
research and analysis of ecologically hazardous (dangerous) 
geographical areas at the local, regional and territorial levels 
are among the most pressing problems facing all researchers. 
Environmental safety and sustainable development in Uz-
bekistan have been studied by many domestic scientists. In 
particular, the issues of ecological safety of landscape of lakes 
Aydar-Arnasay system are raised in their works by Alibekov 
L. (2011, 2016) [1, 2], Matchanov M. (2009) [3], Starodubt-
sev V. M., Petrenko R. (2007) [4]. In the scientific studies of 
scientists-geography Abbasov S. (2007) [4] and Kulmatov 
R. (2013) [6] examined the ecological situation and the se-
curity of this region. Indications of lake water quality and the 
impact on the environment of the hydrochemical regime are 
described by Chimbarisov E. et. al. (2016) [7], and the in-

fluence of the lake on dynamic change in the landscape by 
Gudalov M. (2011) [8]. Also, the study of the issues of the 
Aydar-Arnasay lake system can be found in the works of other 
scientists-hydrologists, ecologists and geographers. In general, 
the issues of environmental protection and sustainable devel-
opment of its environmental safety have not been thoroughly 
studied in the Aydar-Arnasay lake system. And these issues 
continue to remain one of the urgent problems of today and 
the near future.

2. Data and methodology
To address environmental issues in the Aydar-Arnasay 

Lake System, historical, comparative and statistical meth-
ods were used. The statistical data on the management of the 
Syrdarya and Zarafshan irrigation systems as of January 1, 
2017 were studied and analyzed.

3. Study area
In order to improve the ecological safety of the lake sys-

tem, Aydar Arnasay, taking into account the sad experience 
gained on the example of the tragic fate of the Aral Sea in the 
prevention of environmental safety, the following tasks were 
identified:
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1. Determination of the positive and negative effects of 
the influence of the lake on the adjacent landscapes.

2. Statistical analysis of the degree of soil salinity and ris-
ing water level in the lake area.

3. Drawing up proposals and recommendations for im-
proving the ecological safety of the lake zone in the future.

4. Results and discussion
Today, environmental security has emerged from the level 

of national and regional problems and is becoming a com-
mon problem at the global level for all of humanity. Nature 
and society interact with each other on the basis of regulari-
ties. Violation of these patterns creates the above-mentioned 
all-human problems. This can be illustrated by the tragic fate 
of the Aral Sea, a catastrophe that occurred because of the 
disparity between nature and society. Now it has come out 
of a number of regional problems and has risen to the world 
level. In the recent past, the water level in the Aral Sea was 53 
m above sea level, and its area was 66,085 km2 with a water 
volume 1 062 km3 and salinity 10 g/l. Since 1960, due to the 
rapid development of irrigation in Central Asia, the volume 
of water discharges into it has decreased from year to year, 
and sometimes even stopped (1983–1989) [2]. As a result, 
the largest lake in the Central Asia – the Aral Sea, has turned 
into a salt desert. Today dusty rocks, raised by tons from the 
dried bottom of the lake, cause serious damage to the popu-
lation and agriculture of the Aral Sea region. At present, the 
Aral catastrophe covers a number of interrelated problems, 
and saline aerosols, rising from the bottom of the former lake, 
complicate this situation and increasingly impede the search 
for solutions to existing problems. Here it would be appropri-
ate to recall the words of the first President of the Republic of 
Uzbekistan, I. A. Karimov [11]. He wrote in his book of “Uz-
bekistan on the threshold of the twenty-first century: threats 
to security, conditions of stability and guarantees for prog-
ress”: “It was possible to resolve the situation with the Aral 
Sea in the early 1970s, at the latest – in the beginning of 1980s, 
when sea level has not yet managed to decrease too much. At 
present, it is very difficult to undertake anything and later this 
process will become even more complicated or completely 
uncontrollable”. With these words, the opinion was expressed 
regarding environmental safety and the problems of its sus-
tainable development. Since the 1960s, the waters of the Amu 
Darya and Syr Darya rivers flowing into the Aral Sea have been 
mercilessly used to develop new lands. Drainage of abundant 
irrigation water has led to the appearance of a large number of 
anthropogenic artificial lakes in the arid climate of our coun-
try. In our country the number of such artificial lakes is 125 
with areas up to 1 km2. Examples are the artificial lakes with a 
water volume of about 40 km3 or more, the Aydar-Arnasai lake 
system (Tuzkan, Arnasay, Aydarkul), Sarikamish, Dengizkul, 

Korakir, Oyokogitma, Ayozkala, Oybugir and other irrigation 
lakes [2]. The largest lake among them is the Aydar-Arnasay 
lake system. Today, comprehensive research and study of such 
lakes with an area of 4000 km2 will help ensure sustainable 
environmental safety, avoid duplication of the Aral Sea’s fate 
and prevent problems similar to the Aral Sea ecosystems (salt 
aerosols) [4].

Looking at the history of the Aydar-Arnasay lake system, 
at the first stage of Mirzachul development, in the Aydarkul 
area, where the lakes appeared there were layers of salt 20–30 
cm thick. Later, when Mirzachul began to actively develop, 
lakes appeared on these saline places as a result of direction 
of the drainage waters of irrigation canals. The volume of the 
lake was mainly increased due to precipitation in 1969 due to 
the water discharged from the Chardara reservoir, and from 
that time the water volume was 21 km3. In 1969, as a result 
of water discharge of 20 km3 from the Chardara reservoir, the 
water level in the Tuzkan lake (in antiquity provided the popu-
lation with salt) increased by 10 meters, and the level of Lake 
Aydarkul by 22 meters, while the total area of the lake system 
was 2 172 km2 [3]. As can be seen from the information, the 
lake at the same time occupied the most of the salt sediments 
of the Aydar region. This is the environmental risk associated 
with unstable increase in water levels. Worst of all, the lake 
absorbs a large sandy desert – Kizilkum and now, when it is 
drained, there is a danger of raising salt dust. This means that 
increasing or decreasing the amount of water in the lake can 
lead to major environmental hazards.

Of course, there are positive aspects of the lake appear-
ance in the desert. We will analyze them in Table 1. But it must 
be emphasized that there were more negative sides [9]. One 
of them is an increase in the salinity of water. It was reported 
that 10.2 million tons of salt from the collector-drainage sys-
tems and 1.9 million tons of salt from the Chardara reservoir 
to date have been discharged (the average mineralization of 
the Syrdarya is 0.9–1.0 g/l) [10]. Moreover, if the water level 
of the Tuzkan Lake falls, the mineralization will increase, that 
will greatly damage to the lake’s ecosystem.

Salt dust raised from the bottom of the lake will also in-
crease the ecological hazard and may affect coastal regions 
of the lake, such as Jizzakh, Navoi, Samarkand, Tashkent and 
some others. We already see and feel the pain because of the 
ecological disaster of the Aral Sea.

In the Farish district of the Djizak region, in order to sta-
bilize environmental safety and prevent a similar situation in 
the future, the Farish State Irrigated Forestry has been estab-
lished on an area of more than 2,600 hectares. According to 
the forestry data, between 2008 and 2015, 300 hectares of 
irrigated forests were planted in the southern part of the lakes, 
and in 2016–2017 these indicators increased by another 100 
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hectares and reached 400 hectares. Currently there are 1,100 
hectares of irrigated forests near the lake. However, in some 
years drought and low rainfall prevent the growth of irrigated 

forests. But, in spite of this, the expansion of the intensive 
wooded environment will help stabilize environmental safety 
and prevent the raising of salt dust.

Table 1. – Assessment of the environmental impact of the Aydar‑Arnasay lake system

Positive sides Negative sides
1. Increased biodiversity of the lake;
2. Increase in the populations of rare 

species of plants, birds, fish and 
animals on the lake;

3. High potential of ecotourism;
4. Development of fisheries;
5. Development of recreational and 

tourism opportunities;
6. Use of water transport.

1. Flooding of pastures, irrigated lands, motorways and houses as a result of 
the increase in water level;

2. Increase in population migration;
3. Saturation of lakes with drainage waters and increase in the level of mineral-

ization;
4. High risk of population decline in some species of fish, plants, animals;
5. Risk of raising the level of groundwater;
6. Soil salinity and decline in agricultural productivity;
7. The capture of sandy deserts due to the increase in the surface of water (the 

danger of salt dust);
8. Increase in precipitation in coastal areas.

Another problem is that the water surface in the lake is 
increasing. Along with the increase in the water surface of 
the lake, there is a strong transformation of the landscape in 
the area surrounding the lake system. These strong changes 
can be observed in the agro-irrigation landscapes around the 
lake. The greatest danger lies in raising the level of subsurface 
waters and increasing the salinity of the soil layer. According 

to the data obtained from the management of the Syrdarya 
and Zarafshan irrigation systems, as of January 1, 2017, 4 145 
hectares of total irrigated land around the lake were highly 
saline. From that, 2470 hectares or 60% of the irrigated land 
corresponds to for the two districts, Arnasay (1290 hectares, 
31%) and Dustlik (1180 hectares, 29%). This status can be 
explained by the proximity of regions to the lake.

Figure 1. Indicators of highly saline irrigated land in the vicinity of the Aydar‑Arnasay Lakes System

Besides that, as of April 1, 2017, the level of groundwater 
in the territory of irrigated land on the area of 39 592 hectares 
rose by 0–1.0 meters, and the level of groundwater in the area 
of 142 922 hectares of irrigated land rose by 1.0–3.0 meters. 
This indicates that the salinity of the soil and the increase in 
the level of underground groundwater will lead to irrational 
use of irrigated land and the expansion of wetlands.

5. Conclusion:
In conclusion, we can say that it is necessary to solve the is-

sues of ensuring environmental safety and stability in our coun-
try, and, first of all, rational use of existing water resources in our 
territory. In addition, it would be advisable to take the following 
measures in order to prevent environmental threats regarding 
the object of our research – the Aydar-Arnasay lake system:
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• proper use of irrigation systems;
• reconstruction of drainage-collector systems;
• monitoring of water discharge from the Chardara 

reservoir;

• achieving a stable water surface area;
• transformation of the zone up to 3 km around the 

lake into irrigated forests.
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are explained.
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After Uzbekistan was independent paid attention to de-
velop all fields. On these included to invest manufacture force 
properly in republic, according this influence cities net and 
system, placing and specializing continental economy formed 
regional urban structure. Nowadays this structure includes 
supporting regions with different sizing cities’ net and gener-
ally their economical geographic peculiarities.

The cities are considered to be traditional research ob-
ject of economical and social geography. As they combine 
political, social and economical development of countries 
and other territories. Namely, large cities are vital. There are 
18 large cities in the republic and 12 of them are regional 
regions[2]. Moreover, take into consideration their genetic 
features demographic and ecological conditions, economi-
cal social development, formation of investment atmosphere 
in studying cities economically and geographically that have 
ability to create the complex of local manufacturing and mul-
tifunctional big regions.

Following the foundation and the development of Navoi 
city, its people has intensively grown and a short time ago, he 
became one of the big cities of the Republic. The city lies in 
the southeastern part of Karmana district and in the western 
part of the Zarafshan valley. The city is surrounding by moun-
tains and the mountain’s heights change from west to east. The 
area is bounded in the west by Kyzyl-Kum, on the north by the 
mountain Koratogh and on est and south by the mountains 
Ziyovuddin chain. The city is located 5–6 km in height part of 
the Zarafshan river’s left side. The place of valley differs from 
its subtropical position and during the day the sun rises above 
the horizons. Because of its position, the climate is arid and 
the weather always changes in this area during the day.

The proximity of the desert to the city brings to the heated 
air, determine the direction and strength of the wind system. 
General natural climatic conditions affect the socio economic 
development of the city of Navoi. Especially when it comes 
to its extremely dry, it is worth mentioning that the desert is 

located in the region. It should be noted that, the basis for the 
established of a mining and metallurgical industrial complex, 
which is aimed at the development of red gold mineral wealth.

Navoi came into existence in 60’s last century as typical 
industrial center. It’s buildering in hot desert condition was 
taken into consideration and in 70’s city was deserving Inter-
national Architects award named after P. Abercrombi. Indeed, 
the city in the point of view architecture-city building has own 
place in the republic. The reason why it came into existence 
were the city’s economical geographic location, especially, 
two ancient centers, located in the middle of Samarkand and 
Bukhara, the rich natural resources in Kyzyl-Kum desert. If 
in 1958 the area of Navoi was 0.55 thousand km2, in 2011 
the area of the city is widened to 0.64 thousand km2. The city 
widens to the eastern side, there’s 30 new neighborhoods in 
the area now. Due to the certain information, Navoi gets big-
ger because of its suburbs.

Demographic processes are also unique in Navoi, there’s 
0.8% population of the country and 30.2% of population of 
the region. According to development of the city, the popula-
tion is growing. On the natural movement of Navoi’s popula-
tion has observed a progress, birth and death rate of the the 
population has reduced. In 1996, the birth rate in Navoi was 
9.9 pro mil per 1.000 people, while in 1999 it was 10.0 pro 
mil per 1.000 people, and in 9.9 in 2004 it increased to 16.1 
pro mil per 1.000 people in 2017. The change of the natural 
reproduction process in the city at these rates is related to the 
various economic consequences of the transition period.

The industrial ability of city is big. The following compa-
nies: Navoi Mountain Metallurgy Enterprise, Navoiazot pub-
lic company, Navoi Heat Electro station, Kyzyl-Kum cement 
public company, Electrokimyo public company are consid-
ered to be its basis. These companies have their own places 
in segmentation of local label in export ability. The structure 
of urban industrial production is unilaterally, mainly econo-
mized heavily in industry. The raw material resources of the 
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desert zone, and the needs of the Zarafshan Economic Region, 
which does not allow the full and effective use of existing labor 
resources on the one hand, and secondly has a negative im-
pact on the urogenic environment. In particular development 
of light industry, food industry and service, which require a 
great deal of women s labor in the regional center will be a 
good result.

The economic geographical characteristics of the cities 
are directly related to their functions and geographic analysis 
of these functions, according to N. N. Baransky, the problem 
of urban population growth and its location is a key to un-
derstanding the development of the modern city and other 
aspects of urban life [1]. The functional structure of the city 
also affects the internal structure of the city, in particular, the 
micro-geography and appearance of some parts of the city.

The function of the cities is based on the specialization 
of each city. Some of these functions were addressed inside 
the city, others outside the city. That, in turn, gives the city 
to look like an element between cities and allows to fix the 
place of functional-regional relations of each city. The city of 
Navoi differs from other region’s centers by its function that it 
modes and its genetic feature. When speaking of this it would 
be necessary to say the importance of the period of the pos-
session of the natural resources of Kyzyl-Kum in the history of 
the formation of the city. The geographical place, the climate 
condition and of course, the economic factors has influenced 
a lot on the development of the city.

Economic factors include the followings:
• Accumulation of the population and highly skilled 

labor resources;
• Availability of mineral and raw materials;
• Availability of water and energy resources;
• Location in crossing on the railway and the highways 

allow to develop the city.
Navoi city differs from the other region centers by its 

original function. In particular, in its initial development, in 
comparison with Chirchik, Almalyk, and Bekabad in the Tash-
kent region only by its functional character. The industrializa-
tion and the specialization of these cities correspond to the 
economy of Navoi city.

It is well known that Navoi is a genetically industrial city, 
at the same time, has the function of acting as the regional 
headquarters. Navoi’s difference from other regional centers 
that the city performs two functions: industrial center and re-
gional center, that is, the administration acts as the “capital” of 
the region. Formed as a industrial center, it reached to become 
the region center.

Recognizing the role of region centers in regional co-op-
eration and territorial integrity of the entire republic, these 
cities have different functions, including non-production 

function. The combination of the functions of the economic 
and administrative-political center is typical of the city we are 
studying. Therefore, the role of regional centers in organizing 
and managing them – their administrative “capital” function 
is very developed.

There are two colleges in Navoi (Pedagogy and Mining In-
stitutes). There are seven colleges(as a highs school) (medical, 
mining, technical-economical, industrial-economic, culture 
and art). As you can see, there is a certain interconnection 
between the specialization, function of the city.

The main function of Navoi city is the employment of 
the population in these sectors, because of the organization 
of industrial, social and management spheres. 42.5% of people 
work in industry; 8.0% of people work in health care; 5.2% 
of people work in public education; 4.2% of people work in 
trade and public services; 2.6% of people work in transport 
and communication; 6.2% of people is busy in management 
sphere.

As shown, the employment structure of the urban popula-
tion has been changing over the years. However, the propor-
tion of people employed in transport and communication, as 
well as in the education of the population in urban areas, has 
slightly decreased.

The problem of employment and regulation of the popu-
lation, reducing the unemployment rate is very actual in the 
city. Well-organization and division of labor, allow economic 
and social development of the region.

The process of enrichment and diversification of the re-
gional center function is under the influence of various condi-
tions and factors. Construction of large enterprises influences 
the formation of the city. Center development depends on 
the environment that surrounds it and constitutes a whole 
territorial system – the geosystem.

Navoi region has large reserves of natural gas and precious 
metal deposits, as well as large raw materials for construction 
materials production. Among the companies are Navoi and 
Zarafshan gold mining and metallurgical complexes. Navoi-
azot is the largest producer of mineral fertilizers in the country. 
It should be noted, The Navoi Free Industrial Economic Zone 
(FIEZ) with special conditions for foreign investments was 
created nearby Navoi International Airport[3].

It should be noted that the fact that the region’s indus-
trialization, its infrastructure and rich raw resources and the 
location in the center of the country was the basis for choos-
ing Navoi as a FIEZ. Creation of favorable transport logistics 
created the opportunity to deliver ready products to local and 
foreign consumers. Also railway construction is underway in 
3 directions near the airport:

– north-western direction -Uchkuduk-Nukus-Volgograd 
and later through Russia to Europe;
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– eastern direction –Samarkand-Tashkent-Dostlik and 
later through China to South East Asian countries;

– southern direction – Bukhara- Turkmenistan- Bandar-
Abbas and later Near East and Persian Gulf States.

Generally speaking, FIEZ based industrial complex serves 
to make regional products more competitive in foreign markets.

In conclusion, it should be mentioned that existing raw 
material potential allows to develop in the region of light in-
dustry (textile, sewing, leather, shoes), food industry, building 
materials industry, machine building, electrical engineering, 

chemical and pharmaceutical industries. It affects the func-
tionality of the city that is studied. As a result, the city’s man-
agement function reduces its role.

The formation and development of Navoi, like any large 
city is also directly related to it.As well as on the basis of Navoi 
is a complex urbanization system the urban agglomerate. The 
current state of the city is largely related to the fact that it is 
located in the southern part of the region, due to the poor de-
velopment of satellite towns and towns and the urbanization 
of some of the surrounding urban areas.
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Namangan is one of the most arid regions of Central Asia. 

Rational utilization of limited land and water resources in ru-
ral areas is crucial for the development of agriculture.

Land used in Namangan in agriculture is mainly of grey 
desert soils, with the altitude of 400–600 m above sea-level 
and light brown grey desert soils, typical grey desert soils at 
600–900 m and dark-brown grey desert soils at altitudes of 
900–1200 m. The altitude of 900–1200 m covers the small 
area between the farming lands of the region.

It is well known that the role of humus in soil fertility is 
quite high. Biological, microbiological, agrochemical, agro-
physiological and other properties of the soil are largely de-
pendent on the amount of humus. In the grey desert soils of 
the region, the humus layer is usually gray and slightly brown. 
It has a thickness of 15–18 cm, which increases in 1–1.5% in 
light-brown soils, 1.5–2.5% in normal gray soils, and 3–4% in 
dark-brown soils.

Namangan region has a total of 282275 hectares of irrigat-
ed land and the humus content has reduced by up to 30% for 
25–30 years. According to the Agro-Laboratory of the region, 
the amount of humus is currently 0.7–1.0% on the average [1].

Therefore, to maintain and increase soil fertility, it is nec-
essary to include in the farming system aimed at enriching the 
soil with organic matter. In order to increase soil fertility, it was 
used previously to plant seedlings. In recent years, grain and 
other cultivated areas have been cut short in order to achieve 
grain independence and the area of   grain crops has expanded. 
At present, the ratio of cotton and grain crops is about 1: 1. 
However, this result was not satisfactory and, therefore, the 
productivity of agricultural crops in Namangan region did not 
exceed; and in some cases we note falling rates. For example, 
the yield in the Namangan region ranged from 31–35 centner 
/ha in 1980–85, 30–33 centner/ha in 1986–1990, 27–31.3 
centner/ha in 1991–1995, 21–26.2 centner/ha in 2001–2005, 

17–25.2 centner/ha in 2001–2005, 22–26 centners per ha in 
2006–2010, and 21–25 centner/hectare in years 2011–2017 
[Year 4] year-on-year shows that the region’s yields are losing.

Therefore, in order to increase soil fertility, it is neces-
sary to test the possibility of enrichment of soil and increase 
the productivity of soil through the exchange of grain and 
legumes. This is confirmed in many experiments. For exam-
ple, the amount of nitrogen collected after soya production 
in the soil layer is 50 to 100 kg/ha, the remaining root and 
taste weight 35–40 centner/ha after the shade, after the wheat 
20–30 centner/ha, 18–21 centner/ha after mung bean and 
50–60 centner/ha after the maize [2].

In the experimental area “Oltin Zamin” (Golden Land), 
located in Namangan region, experimental work on increasing 
soil fertility by sowing leguminous crops at the grain fields has 
been conducted. The main purpose of the experiment is to cre-
ate an effective system of crop rotation in a short rotation of ag-
ricultural crops that improve soil fertility and improve its agro-
physiological and agrochemical properties in the conditions 
of light-brown soils, which form the main crop areas of the re-
gion. On the soil of the field, the agrochemical condition of the 
soil varies in the 0–30 cm layer of humus 1.450–1.562%, gross 
nitrogen 0.130–0.148%, phosphorus 0.100–0.110%, potas-
sium 1.570–1680%, motion of phosphorus 24.7–26.7 mg /kg, 
potassium 225–230 mg/kg and moderately supplied with hu-
mus and nutritional elements.

The experiment was conducted in 7 variants [2].
The first variant of the experiment includes wheat (con-

trol variant is continuous wheat), variant 2 – for the second 
crop, for the next crop, for the third variant – for grain, in vari-
ant 4 for bean grain, in the fifth variant for bean grain, in the 
variant 6 – after the wheat for the next crop for sunflower seeds 
in the 7th variant is the autumn plowing season after the wheat 
and is planted next year.
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Table 1 lists the total nitrogen, phosphorus, and potas-
sium content of the remains of the seed and root remains in 
the soil after winter wheat is harvested. According to the data 
of this table, according to the estimates, after the fall wheat, an 

average of 13.2 kg of nitrogen, 8.8 kg of phosphorus and 20.4 
kg of potassium in the total area of one hectare may be due to 
the decay of the spleen and root residues.

Table 1. – Common nitrogen, phosphorus, and potassium in the spleen and root 
remains of the wheat remaining in the soil after harvesting the winter wheat

Years Humus amount,%
General position,%

Nitrogen Phosphorus Potassium
2012 1.560 0.437 0.291 0.677
2013 1.450 0. 429 0.283 0.669
2014 1.562 0.451 0. 299 0.685

In Table 2, after the recycling of sown areas on grain-free 
areas, the remaining soil and root residues contained nitro-
gen, phosphorus and potassium in the soil, indicating that the 

number of recycled crops increased by 2–3 times the nitrogen, 
phosphorus and potassium.

Table 2. – Common nitrogen, phosphorus, potassium in the soil and root residues left on the ground by 
agricultural crops, which were sown as secondary crops in the areas that were liberated from gall blocks

Vari-
ants Type of crop

Total amount of ingredients in stubble and root remains,%
Nitrogen Phosphorus Potassium

2. Soya 1.178–1.185 0.403–0.411 0.218–0.224
3. Mung bean 1.194–1.204 0.424–0.432 0.307–0.311
4. Haricot 1.248–1.261 0.455–0.467 0.288–0.295
5. Earthnut 1.031–1.047 0.368–0.379 0.502–0.511
6. Sunflower 0.712–0.727 0.273–0.276 0.451–0.464

Table 3 shows the yield of cotton, which has been grown after the second crop. As you can see, in all cases positive results 
have been obtained.

Table 3. – The crop yields of cotton grown after the harvest season

Vari-
ants Type of the second crop

Cotton plant fertility centner / ha
Average

2. Soya 37.0
3. Mung bean 38.1
4. Haricot 37.3
5. Earthnut 36.5
6. Sunflower 34.9

In addition to the above, it should be noted that the crop 
yields were sown sufficiently to recover the crop yield, average 
of 15.8 centner per hectare, average 14.6 centner/ha for beef, 
16.2 centner/ha for beans, 13.6 centner/ha, oilseed crops – 
21.4 centner / ha on sunflower. The yield of wheat was 64.9 
centner per hectare.

Based on the results of the experiment, we can conclude 
that,

1) Reproduction of cotton with leguminous and oil-bear-
ing crops increases the productivity of the soil by 1.5–2 times;

2) from planted crops can be harvested from 13–16 cent-
ners per hectare, and 20–22 centners per hectare from sun-
flower crops.

3) in Namangan region, crops can be harvested twice a 
year;

4) from planted crops can be harvested from 13–16 cent-
ners per hectare, and 20–22 centners per hectare from sun-
flower crops.
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Introduction
Globalization ideally implies liquidation of borders, unit-

ing, merging of the whole world, rapprochement of cultures, 
where there will be no national feelings, struggle for national 
identity, sovereignty, where people will be united and con-
nected by cultural, political and economic conditions. The is-
sue of readiness for association in one world without borders, 
about degree of readiness of people to refuse their identity and 
the state sovereignty is still a subject of violent disputes. One 
component of globalization is a rapprochement of cultures, 
and a language is a part of the culture that determines the 
human identity. Language is an important tool of communica-
tion. The language factor is important, because language can 
be not only dividing line between cultures, but also uniting 
one. Exactly this happened with the English language. From 
the local language English is becoming the language of glo-
balization, uniting almost the whole world. It is interesting, 
what has caused the global function of the English language? 
What is its reason? Various reasons of diffusion of the English 
language worldwide may be named. These reasons are geo-
graphical, historical, and social-cultural. British discoveries 
and colonization of new lands that caused spreading of the 
English language are the historic-geographical reasons; indus-
trialization and introduction of new technologies, the Inter-
net, mass-media, television, shooting of films in England and 
America that caused broadening of functional area of English 
language are the social-cultural factors. Alongside with diffu-
sion the language changed, got new characteristics in contact 
with different cultures and languages. The English language 
became a part of the process of globalization that captured the 
Internet. This is a part of the process of globalization, creation 

of common language, which will unite various cultures and 
will become a means of communication, understood by all 
people. The English language has taken up this role.

First of all, we will try to explain the key concepts that will 
be used in the text. To begin with, it is necessary to interpret 
the concept of culture. A culture originates from the Latin 
verb (colo, colavi, colatum, colare) and means service and 
processing. The word culture is connected with agriculture 
and land farming, but in that case when a culture is connected 
with geography and politics, a culture refers to a combina-
tion of different characteristics of nations; it is characterized 
by traditions, moral, language, character, history. The peoples 
differed from each other by these features.

Each nation has own language, which creates “our” 
group. Language is a communication in a country and na-
tions differ from each other by this feature (one of many), on 
the other hand, language can become the uniting factor for 
nations, to implementthe function of rapprochement. Now 
English combines this function. Since 1887 Esperanto was 
meant to fulfill the universal function of the so called Lingua 
franca language, but today the English language has taken up 
this unfortunate mission; now it is considered as some kind 
of Lingua franca [2].

As to a dissemination of culture – “diffusion of cultures, 
it is a spreading of elements of culture from its place of ori-
gin. The elements of culture are: ideas, innovations, relations, 
mindsets”. A language is one of elements of culture. The Eng-
lish language expansively diffused, language has extended 
among the population, from one area to another, so number 
and a range of people which have accepted this language grew. 
It is interesting to point out that language changed according 
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to changes of conditions, depending on people (native speak-
ers), with which it contacted.

Exposition of the main material
Influence of other languages on the English language. 

Modern English now exists not in that kind in which it was 
initially; English is a set of words, “borrowed” from various 
languages. Various languages influenced the English language 
and new words from these languages took root into English 
and finally became its part; a part of people of the modern 
world who speaks English, likely does not know, from where 
these words originated and that they are not genuine primary 
English words. The English language permanently changed 
depending on peoples, with whom it contacted; what kind 
of contacts was – peaceful or military. English was influenced 
by Latin; there is a list of words, which entered from Latin 
into English: Ancor-anchor, butere-butter, cealc-chalk, ceas-
cheese, cetel-kettle, cycene-kitchen, cirice-church, disc-dish, 
mil-mile, piper-pepper, pund-pound, sacc-sack, sicol-sickle, 
straet-street, weall-wall, win-wine etc. [7].

Roots of the English language should be sought on Brit-
ish Isles. Its diffusion and modification begin since the 5th 
century, when the German-speaking people Angles, Jutes and 
Saxons moved from Europe to the northern and western Brit-
ain (Scotland, the Wales). Angles were from southern Den-
mark, Jutes from northern Denmark, and Saxons from north-
west Germany. They were not the English-speaking people; 
they talked on a German dialect that became the basis of the 
English language. So, it is possible to recognize AD500 as the 
date of beginning of the English language. Celts whom may be 
named the first people speaking in Indo-European language, 
have settled in Britain in AD600 [8].

Their influence on the language is prodigious. It is pos-
sible to say that creation of Old English language is a merit 
of these people together with Celts who have passed to the 
north – to Scotland and to the West – to Ireland. They have 
influenced creation of the Old English language, which basic 
part is used till the present day [6].

A role of Norsemen should be noted as well. In the IX cen-
tury influence of tribes of Vikings on the English language is 
felt. In 1066 French-speaking Normans conquered England and 
English language took elements of the French language, because 
the next 300 years French was an official language of England.

Normans were descendants of Vikings. During the inva-
sion of Normans, British migrated to Scotland and spread 
there the English language [3]. During the period 600–1500 
CE considerable influence on the English language had vari-
ous people – Celts, Scandinavians, from which languages the 
modified forms of the following words have entered into Eng-
lish: Apostol-apostle, casere-caeser, ceaster-city, circul-circle, 
cometa-comet, maegester – master, paper-paper, tigle-tile 

etc. From the Celtic language: cumb-combe, brocc-badger 
etc. From the Scandinavian: anger, blight, cake, call, egg, ger, 
give, hit, husband, kill, law, low, raise, seat, skill, them, their, 
ugly, want, window, etc.

When the French language dominated and became an offi-
cial language, influence of this language is especially marked, be-
cause in comparison with other languages many words entered 
into the English language from French: country, crime, chapter, 
baron, count, prince, princess, army, artillery, battle, captain, 
company, boil, butcher, roast, dance, diamond, fashion, proud, 
courage, chance male, female, mirror, regard, and etc. [7].

During the mentioned period other peoples also influ-
enced the English language. The listed words are only a part 
of those words, which entered into English from other lan-
guages; that is the proof that English was formed on a long 
basis and not without influence of other languages.

The British colonization, industrialization and diffu-
sion of the English language. Let’s follow a chronology: in 
the 17–18th centuries a diffusion of the English language was 
determined by the British colonialism, when England began to 
govern in various parts of the world. In the end of 18th and in 
the beginning of 19th century diffusion of the English language 
was determined by the industrial revolution in Britain. Britain 
became the leader, the leading country, whose technologies 
have been spread in the world, and thelanguage also spreadto-
gether with technology. At the next turn of the century a dif-
fusion of the English language has been determined already by 
the leadership of the American policy and economy. America 
became the country-hegemon, where the freedom of speech 
and the ideas based on citizenship and individualism became 
an example to the rest of world. Together with ideas the Eng-
lish language has spread worldwide, taking the form of global 
language. This language has destroyed borders of the greater 
part of the world andhas penetrated into almost all countries 
by different ways; hereinafter we will talk about this.

Since the 16th century a diffusion of English language was 
determined by the British colonialism, when Britain has begun 
expansion. It is necessary to note a role of James Cook; his three 
travels have opened ways for future colonization. The English 
language has spread in the Southern hemisphere, in South-
ern Africa, India, Australia and New Zealand. In the periods 
of colonization the French, Spanish and Latin languages had 
possibilities to become global languages, but with no success. 
The industrial revolution that has occurred in Britain andtrans-
formed Britain into the leading country and an example to fol-
low has helped England to implement this mission [5]. Since 
1530 France dominated in Canada that resulted in adversarial 
relationships between France and Britain. Eventually Britain 
was victorious that has determined domination of the English 
language, though for certain time both languages – English and 
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French were official in Canada. English has gradually replaced 
the French language, but in Quebec French remained a spoken 
language. At that time the following words have been included 
from the French language: ballet, champagne, chic, salon, rouge, 
shock, jean (s) and others [7].

The British colonies have been planted in the North 
America, Jamestown, Virginia in 1607 and Plymouth in 
1620; since this period an early variant of the modern Eng-
lish language has arisen. By 1600 Irish migrants settled in 
America, by 1720 the big stream of Irish and Scots – 50 000 
migrants – have made settlements in America. In the 18thcen-
tury because of hunger, revolution and poverty migrants from 
Europe migrated to America; by 1880 the European Jews ar-
rived to America. These events have determined a diffusion of 
the English language. As to Canada, the first contact with the 
English language has occurred in 1497, when John Cabot has 
reached Newfoundland, but only a century later Englishmen 
made settlements in these places after a warwith Frenchmen 
who held these places earlier [3].

Since the times of Elizabeth I (1558) till the time of 
Elizabeth II (1952) the number of English-speaking people 
increased from 5–7 million to 150 million; by 1558 people 
living on the British island were mainly talking in English, 
gradually this language has crossed the border of the Island 
of Britain. The new people talking in English were mainly 
from the North America [5]. Britain has planted a colony in 
the northern part of southern America, the former German 
colony Guyana became British, as well as Belize also known 
as the British Honduras, which was the Spanish colony [6].

During this period the Spanish language influenced the 
English language. Just from Spanish the following words en-
tered: barricade, canyon, guitar, mesa, tornado and etc. In this 
period words come also from Italian: casino, piano, opera, stu-
dio, viola, and from German: avast, bow, pump, yacht and etc. 
[7]. Although some roots of these words are Latin.

The Caribbean countries where the Spanish and Eng-
lish languages are official languages also became the British 
colony. Diffusion of the English language to Australia is in-
teresting. In 1770 James Cook has arrived to Australia; within 
20 years Britain has established a colony in Sydney and was 
sending there prisoners from the British prisons. During 50 
years 130 000 prisoners have been sent to Australia; by 1900 
4 million inhabitants were from the British island. The rela-
tions between local people and newcomers have affected the 
language, new words arose; together with new words the Eng-
lish language has spread in Australia, and also in New Zealand, 
which became an official colony in 1840, by 1900 a quarter 
of million inhabitants talked English. Cook has discovered 
this island in 1770, and it was mainly populated bymerchants. 
Since 1840 the number of migrants has increased [3].

South Africa (conquered in 1800 by England) that earlier 
was the German colony, also is an area of diffusion of the Eng-
lish language. Since 1822 English became an official language 
and respectively the number of people, knowing English, has 
increased [4]. The English language also is actively used in 
public sector. This language was in Africa the language of law, 
education and always was the second language; now there are 
11 official languages in Africa. East Africa, Kenya has been cap-
tured by Britain in 1800; enormous quantities of merchants 
visited the country and promoted diffusion of the language 
to various countries of Africa. Since 1880 as soon as Britain 
has acquired a control over the North Africa and Central Asia, 
the English language has spread in Egypt and in Sudan, which 
turned out to be under the governance of Britain.

Diffusion of English to Southeast Asia, in Penang, Ma-
lacca and Singapore was promoted by their trading and stra-
tegic location for Britain. The reason of diffusion of English 
on islands in Pacific Ocean was the fact that American and 
British ships refueled on these islands [6]. Since 1600 Brit-
ain entered into relations with South Asia where 1/5 part of 
all population lives, when the British East India Company 
has been established. This place was the trading territory 
at the time of Elizabeth I. The first trading place has arisen 
in 1612 in Surat, and then in Madras, in Bombay and in 
Calcutta. Britain controlled these territories from 1765 till 
1947, the year of independence [3]. English was an official 
language in six countries of the western Africa (Sierra Leone, 
Liberia, Cameroon, Gambia, Nigeria, Ghana). 40 million 
English-speaking persons live in southern Asia; it ranks third 
after America and Britain. Botswana, Kenya, Lesotho, Ma-
lawi, Namibia, Tanzania, Uganda, Zambia and Zimbabwe 
also were the colonies of Britain.

Globalization of English language. Churchill said that 
diffusion of the English language is a merit of English explor-
ers and colonists. The language, on which talked only inhabit-
ants of one island became general language and expanded all 
over the world. At first nobody could imagine that English will 
become the global language [5]. What has caused globaliza-
tion of the English language? There are a lot of reasons for it; 
colonization is one of them that were an expression of diffu-
sion. Diffusion of the English language to colonies also pro-
moted its world diffusion; the language underwent changes at 
contacts with various cultures. Diffusion is a process of geo-
graphical spreading, and globalization is a result of diffusion of 
the language, including not only territorial conquests, but also 
results of other processes that have been considered above. In 
English language there is up to 500 000 words, therefore there 
is a large number of phraseological units. Language which can 
be a symbol of ethnic identity also can become uniting the 
whole world, liquidating borders between the states [9].
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For 375 million persons English is a native language, and 
for 750 million persons English is the second language. This 
fact proves that English is becoming the universal language 
[11]. There are some reasons on which scientists have con-
curred, recognizing English as the global language. 1) First 
of all, it is necessary to note a role of those countries where 
talked in English and that were the leading countries from 
the military and political points of view; we should not for-
get a role of Britain and later a role of America which to this 
day keeps a role of superpower [2]. England was the leading 
country in industry and who wanted to catch up with Eng-
land and to become familiar with technical innovations was to 
know English language. Britain kept leadership from political, 
economic and industrial points of view. Industrial revolution 
that occurred in the sixties of the 18th century is related to 
England, production extended, processing of cotton begun, 
Englishman James Hargreaves has invented the mechanism, 
so called spinning jenny; it was followed by the mechanical 
knitting tool; factories working on a steam power were con-
structed; a steam locomotive has been invented and the first 
railway road has connected Manchester with Liverpool, the 
mechanical engineering and metallurgical manufacture de-
veloped. In the 18th, 19th and 20th centuries America became 
a superpower from the economic and political point of view; 
it is necessary to note that in 1980–90th America played a 
role of the leader from the technological point of view [4]; 
2) The second reason is existence of scientific researches and 
literature in English, the world literature is being published 
in English and a literature translated into this language also 
becomes popular. Today, for a science, students, pupils the 
knowledge of English becomes obligatory because the basic 
literature is being created in this language; in order to reach 
successes in scientific sphere, to be familiarized with modern 
information worldwide is possible with knowledge of the Eng-
lish language; 3) The third reason is mass media: the televi-
sion, radio, magazines, newspapers existing in English, facili-
tates receiving of information by people; 4) In the modern 
world the Internet is the main thing, which is the best means 
of online collaboration of people, communication, search of 
information – and English is the main language there; 5) Cin-
ema and music. The majority of film studios, about 90%, are 
English-speaking, 99% of musical groups become popular if 

they are English-speaking [2]. Invention of telegraph, phone, 
radio, television, cinema, and computer has determined diffu-
sion of the English language. These technologies became the 
propagator of language and there was no need in colonization, 
travel of people [5]. Studying of English became obligatory 
for those to whom English is not a native language. At schools 
children learn English in order to develop professionally in 
future; during travels there will be no problems for those who 
knows English, because in hotels, restaurants, in any other 
place attendants talk in English and communication do not 
become complicated. The convenient environment is created; 
readily available conditions for people studying the English 
language; media, schools, libraries, universities provide these 
conditions [3].

Diffusion of technological data, the scientific literature, 
achievements of cinema and music, news media in different 
languages would be inconvenient; therefore, it was necessary 
to expand one language. Each person needs knowledge of 
English that gives priority in job searches. The transnational 
companies, opening the branches in other countries, employ 
people with knowledge of English therefore the local popula-
tion is interested in studying of English [10].

Conclusion
Thus, Globalization promoted development of the Eng-

lish language because it helps to expand technological achieve-
ments, information worldwide; people in every country have 
access to them. But globalization has also a negative result. 
Some scientists estimate globalization as the American expan-
sion and the western imperialism. In the nationalist countries 
globalization is unacceptable; they think that globalization 
and blurring of borders will infringe their identity, traditions, 
and their values. They say that the western literature does not 
consider a socio-cultural context, for example, it is the litera-
ture which is not adapted to Islamic traditions [1].

The English language is a good example of diffusion, how 
language can expand and to get new elements during contacts 
with different peoples. As we have already noted, the Brit-
ish colonialism has helped diffusion of the English language, 
as well as industrialism and technological achievements of 
America of the last 50 years, the Internet, mass-media, trans-
national companies, collectively caused the language global-
ization.
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The administrative region includes Tashkent and the 
Tashkent region. According to the population of 01.01.2017, 
there were 5,253.4 thousand people. Total disease rate of the 
population is 15,1727.5 people per 100,000 people. Overall 
mortality is 6.35 per 1000 population; maternal mortality rate 
is 26.6 per 100,000 live births; infant mortality is 14.4 per 
1,000 live births per 1,000 live births.

The area is geographically called Chirchik-Akhangaran 
valley. The valley is located in the north-eastern part of our 
country. The Tashkent region will be in the north-east to the 
south-west, to the Syr Darya River. The highest peaks of the 
country are in the north-east, the south-western part con-
sists of plains. The climate of the region is mainly influenced 
by its geographical location, air masses, and the structure of 
the earth. The south-western plains of the country are more 
slippery, and the north-eastern part is nullified. Summer, 
especially in the plains, is warm and long, almost summer. 
Average monthly air temperature of July 200S, maximum air 
temperature up to 440S. Winter is not as rigid. The average 

air temperature in January is –10S in the plane and –6–80S 
in the mountainous part.

The amount of precipitation in this area is indirectly 
distributed. Annual precipitation is 359 mm in Tashkent, 
800 mm in north-eastern part of Pisek valley. to the In July, 
August and September, the country will be quite dry, with 
no precipitation. In Chirchik-Akhangaran Valley and its sur-
rounding mountains, garmsel winds blow in mountains, val-
leys, flies, plains. In the mountainous part of the area there 
are many beautiful and therapeutic sites, such as Chimyon, 
Xumson, Oqtosh, Nanay. Its largest river is Syr Darya, and 
the part of the river passes through this territory to 125 
km. is composed of There are also some major rivers in the 
country, such as Chirchik, Ahangaran, Piskom, Chatkal, 
which create a unique hydrographic system in the region. 
The city of Tashkent and the Tashkent region, located here, 
are distinctively different in population and density. This, in 
turn, has a significant impact on the geographical situation 
of the region.

Table 1. – Maternal mortality in the Republic of Uzbekistan

Regions 1992 1995 2000 2005 2010 2015 2016
1 2 3 4 5 6 7 8

Republic of Uzbekistan 51.0 32.2 33.1 29.2 21.0 18.9 17.4
Republic of Karakalpakstan 98.6 50.5 38.8 15.4 26.4 29.0 25.4
Andijan 42.3 32.0 20.2 21.0 18.3 12.9 10.2
Bukhara 47.8 27.3 49.0 29.9 23.1 7.6 7.8
Jizzakh 69.2 30.0 29.4 24.8 27.0 25.1 28.4
Kashkadarya 51.1 28.3 39.9 24.4 14.1 15.3 10.3
Navoi 52.1 25.2 91.6 49.3 27.2 24.7 24.0
Namangan 32.4 18.9 27.0 30.7 21.7 8.1 9.7
Samarkand 35.8 38.4 26.4 17.4 16.0 21.4 18.1
Surkhandarya 67.3 39.8 24.6 23.9 13.7 18.6 22.4
Syrdarya 50.6 29.7 21.0 34.8 12.3 5.6 11.3
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1 2 3 4 5 6 7 8
Tashkent 31.0 46.9 27.5 43.2 32.8 44.3 35.0
Fergana 38.6 11.7 22.5 31.7 17.0 12.6 14.0
Khorezm 44.3 25.4 24.9 41.5 30.6 15.2 17.9
Tashkent city 94.7 55.6 63.9 44.6 25.4 25.7 18.2

Source: Based on the data of the State Statistics Committee of the Republic of Uzbekistan

The region’s economy is industrial-agrarian. In particu-
lar, the Angren-Almalyk industrial zone has many mineral 
resources. At the same time, this industry is fundamentally 
different from other countries in terms of its ecological situ-
ation. The wide spread of diseases among the population of 
the region can be explained by the fact that there are some 
ecologically disturbances similar to Angren-Almalyk in the 
region. The large number of industrial enterprises relative to 
other regions, the population and population density have a 
specific impact on the geographical location of the country.

In recent years, the city of Tashkent has slightly increased 
its air content, especially ozone, sulfur dioxide and hydrogen 
fluoride. These circumstances have a negative impact on the 
health of the population of the city and the capital agglomera-
tion. Research has shown that maternal and infant mortal-
ity rates (such as malignant tumors, heart attacks, vascular, 
nervous, mental disorders, diseases of the respiratory tract 
disorders) in industrial centers of Tashkent city and Tash-
kent region (Almalyk, Chirchiq, Angren, Ahangaran etc.)) 
the morbidity rates are several times higher than the national 
level. Therefore, in the above-mentioned cities, it is necessary 
to radically improve the uro-ecological situation, to pay close 
attention to the proper territorial organization of industrial 
enterprises, transport and other infrastructure.

In our research, we divided the disease into conventional 
groups for urban and rural areas. It is in this area that more and 
more urban areas are affected by diseases (blood circulation, 
malignant tumor, nervous system, birth defects, etc.). With 
such diseases, the disease is most common in large popula-
tions and industrial centers of the region. Environmental pol-
lution in Tashkent, Angren, Almalyk, Bekabad and Chirchik is 
particularly noticeable in the region and beyond. At the same 
time, this medical geographical region occupies the highest 
place in the overall mortality rate in our country.

In 2016, the mortality rate among the population for all 
causes of mortality was 62.0% in Tashkent, 65.6% in Tashkent, 
and 8.0% in malignant tumors in the country, whereas in the 
capital it increased by 11.5% equal to The region also occupies 
the highest place in the country with nervous system, mental 
disorders, respiratory diseases. The analysis shows that in this 
region, due to its negative characteristics, primarily population 
populations, the inclusion of industrial sectors, particularly 
environmentally hazardous industrial enterprises (chemical, 

thermal power plants, cement production, ferrous and non-
ferrous metallurgy), has a strong impact on the formation of 
the nozogeographic situation. Therefore, the region occupies 
a leading place in the country in the number of deaths of chil-
dren and women and the total mortality rate.

In 2016, the total population mortality rate was 7.7 in 
Almalyk, 9.5 in Yangiyul and 9.9 in Chirchik. This year, the 
highest infant mortality rates are in the populations of the 
region, including Parkent, Almalyk and Ahangaran. It is also 
important to note that this region is one of the worst cases 
in maternal mortality. In 2010, the maternal mortality rate 
per 100,000 live births in Uzbekistan was 21.4, while in some 
districts of the region, such as in Almalik (88.3) in Chichik 
(86.2) and Yangiyul (82.0) The situation is much higher than 
the national level. In the present study, attention was paid to 
the identification of some common social diseases that were 
common among the population in order to make a more de-
tailed analysis of the nozogeographic situation. This region is 
characterized by the highest social epidemic in other regions 
of our republic. As it is seen from the draw, the most acute situ-
ation has occurred in 2016 in the city of Chirchik, Yangiyul, 
the city of Tashkent, with a population of 66.4 persons per 
100,000 population of dangerous diseases. Chirchiq and Al-
malyk are also distinguished by the high level of mental illness. 
Even in Urtachirchik rural district, the morbidity rates of the 
population are much higher than the national level.

At present, diseases of narcological disorders in the coun-
tries of the world, including Central Asian republics, are in-
creasing. The region is one of the oldest diseases in the world. 
The general illness of the population in this disease was 29.8 
per 100,000 in 2016, while in Tashkent this figure was 66.8. A 
similar situation is reported in the city of Yangiyul. The region 
also occupies the first place in Uzbekistan in terms of ner-
vous system disorders and mental disorders. It is well known 
that the aforementioned disease groups are most commonly 
found in major cities with high transport and industrial levels. 
It should be noted that, as noted in the previous chapters, such 
diseases are often referred to as current or developmental dis-
eases. The region is one of the most prominent in the country 
in terms of such diseases. Thus, in the Tashkent geographi-
cal region, the Tashkent agglomeration, the Angren-Almalyk 
mining and metallurgical region, can be interpreted as a no-
zogeographical city, such as Chirchik, Yangiyul, Angren, Yan-
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giabad. These facilities can also include “resource” towns in 
the capital city.

Thus, ecological situation in some parts of Tashkent today 
is somewhat miserable. This leads to an increase in the pro-

portion of diseases among the population. Consequently, it is 
important to pay close attention to the ecological status of the 
regions in the future. This, in turn, will prevent the deteriora-
tion of the geographical situation of these regions.
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THE USE OF GEOGRAPHIC INFORMATION SYSTEMS IN MAPPING LANDSCAPES

Abstract: First, in the natural geographical research work the landscape map of the area forms. The landscapes 
shown in the map demonstrate the difference and division of natural features of the area. Therefore, the landscapes 
displayed in the maps and their internal morphology considered as the object of the natural geographical studies.

Keywords: Central Asia, Uzbekistan, Samarkand region, landscape, GIS, landscape map.
Introduction. The landscape researches conducted 

in the Samarkand region, which situated in Zarafshan val-
ley considered as the largest agricultural district of Central 
Asia. Within Samarkand region the agricultural spheres, 
like cotton, grain, horticulture, viticulture and livestock are 
developed. The implementing of modern methodological 
research and their optimal use from the natural geographical 
side plays an important role in the study of Zarafshan valley’s 
landscape structures and features. Considering these, the 
necessity of individual research of landscapes is increasing 
day by day. In this article the modern methods of conduct-
ing landscape researches and creating landscape maps are 
examined.

While creating landscape maps, the using of modern 
methods are plays an pivotal role in monitoring landscape 
processes since in the modern methods data entry and pro-
cessing goes quickly.

Information about area: Samarkand region is situated 
in the Central Asia, in the centre of Uzbekistan, having the 
total area of 16 000 km2. The river Zarafshan flows from the 
center of region. Starting from the mountains of Tajikistan 
area it flows fully in summer seasons and supplies approxi-
mately millions of hectares with water within Zarafshan 
valley. The Great Silk Road’s main way is also passes from 
the city of Samarkand, which had an ancient civilization in 

Central Asia. 15–18% of Samarkand province comprises 
of large oases, 48–50% of mountains and plains, 22–30% 
of mountainous and 10–12% of flat deserts. Side-by-side 
locating of deserts, mountain plains and valley landscapes 
are crucial in utilization of their natural resources, as well as 
creating thematic maps with the help of GIS technologies 
based on landscape maps.

Discussion of the obtained results: In these days, 
graphic software programs such as ArcGIS, MapInfo, Ar-
cView, Win Gis, PHOTOMOD, GeoDraw, GeoGraph, 
Adobe Illustrator, and Corel Draw are widely used in form-
ing landscape maps, conducting field surveys. Conducting 
landscape researches in GIS programs are going on by dif-
ferent stages (figure 1.).

In the initial stage, maps and pictures taken from space 
introduced to GIS base. For this, the information gathered on 
conducting landscape research, natural and landscape maps, 
space photos and statistic information will be placed on the 
computer memory.

For vectorization the system of spatial coordinates are 
chosen in raster materials. This process can be done automati-
cally or manually. For doing this, automatically two starting 
points will be chosen. Other base and control points placed 
automatically. After that, valley’s space photos connect to each 
other. After linking, they become as digital numbers.
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While vectorization, objects in raster materials num-
bered. For this, the program of creating map should be 
formed, also scientific literature is required to be analyzed. 

Digital maps can be comprised of several thematic layers. In 
each layers some objects described.

Figure 1. Technological process of conducting landscape research on the basis of GIS

Then, the information database of digital electron maps 
created. In the database, information about objects introduced 
as a tables and saved. In order to create database, cartographic, 
reference and statistic information as well as results of field 
studies will be chosen. Conducting field research is going by 
created program. Final stage finishes with the creation of maps’ 
legend, then analyzed, tested by expert system and published.

Landscape map is part of complex maps, which in its 
turn have information about the nature of the place. There-
fore, it serves as the base of forming various thematic maps. 
There are also linking of components of the nature within 
the landscape maps.

There are lot of belief concerning to the notion of land-
scape. We joined to ideas of regional direction. The essences 
of these notions are followings:

1) the geographical landscape is considered as a regional 
complex of the natural area, and consists of morphological 
units, which are dynamically linked; 2) the main reason of dif-
ferentiating geographical landscape is that, similarity between 
geological and geomorphological conditions; 3) landscape 
has a stable climate; 4) that kind of stable condition aids to 
develop flora and fauna more better (Annenskaya and others, 
1963, Solntsev, 2001).

During the researches, we carried out some tectonic struc-
tures, which are played a key role in formation of landscapes 
within the Middle and Lower Zarafshan. (Rakhmatullayev, 
2004). In the mountainous areas, the tectonic structure dif-
fers. In each of the tectonic structures the morph sculptural 
relief forms formed according to their geological, lithological 
and petrographic composition. I. P. Gerasimov (1959) offered 
to call such tectonic structures as a morph structures. Accord-
ing to I. P. Gerasimov (1959) and Yu. A. Meshcheryakov’s 
(1965) classification, the mountain areas and ranges are in-
cluded to the secondary morph structures.

Morph structures are the base of special landscapes. 
In many cases, separated morph structures and landscape 
boundaries coincides to each other. However, sometimes 
there are divided two or more landscapes within extremely 
complex morph structures.

While dividing the region of Samarkand into land-
scapes, besides the morph structural features, geomor-
phological structure of the place, its genesis, hypsometric 
height, and climate change are taken into account. Accord-
ing to the geological and geomorphological features, the 
mountain plains separated as a special landscape in the 
Zarafshan Valley.
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We identified differences of the following landscapes in 
the Samarkand region according to genesis, geological and 
geomorphological features:

A) Dry steppe and semi-desert mountain landscapes
The mountains with the average height: A1 – Chakilka-

lon; A2 – Koratepa; A3 – Gobdintog; A4 – Oktog; A5 – North 
Nurota mountains;

B) Flat steppe mountain landscapes: B1 – Chakilka-
lon and the Karatepa mountain plains; B2 – Zirabulak and 
Ziyovutdin mountain plains; B3 – Gobdintog Korachatog 
mountain plains; B4 – Oktog mountain plains; B5 – North 
Nurota mountain plains;

C) The semi-desert plains landscape amidst moun-
tains:

C1 – Ulus – Jom;
D) Basin semi-desert landscape amidst mountains:
D1 – Koshrabad – Nurota;
E) Desert landscape: E1 – Karnob;
F) Valley landscapes: F1  – Samarkand, F2  – Kat-

takurgan.
In order to form landscape map and to display them color-

ful, here is used programs by ArcGIS by ESRI Company and 
MapInfo by Estimap. The mountains of average height colored 
with dark brown, low mountains with light-brown colors. Valley 
landscapes expressed with the green color. Displaying colors in 
such ways show clearly the relief of the area. Moreover, valleys 
and desert landscapes in the map clearly can be seen (Figure 2).

Figure 2. The landscape map of Samarkand region

We draw transverse incision between Koratepa and Gub-
din mountains with the view of showing landscapes’ location 
and the internal structure of the two mountains.

In this incision not only the mountain plains, valley land-
scapes clearly shown, but also the internal division of land-

scapes (terraces) displayed noticeably. At the same time, the 
close correlation between landscapes and morphological units 
of rocks visible. On the base of landscapes rocks and deposits 
placed, above of that there is 2 ml soil and on the soil, plants 
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allocated. The programs such as MapInfo and CorelDraw used 
to form incision.

To describe the relief of any area in the maps, here can be 
used colors, isohypse lines and the method of relief plastics. 
In recent years, with the advent of new technology has opened 
up opportunities to describe the relief by three-dimensional 
form. Scientific and practical significance of this technique is 
very high, because in the flat area one able to see the real forms 
of relief through this method.

The three dimensional map can be used as a basis for land-
scape maps or other maps. However, divisions can be seen as 
barcode stripes, geometric shapes since these maps are also 
colored. Especially, such maps show spreading of plants, ani-
mals, extremely visually.

Three-dimensional maps will be better foundation while 
creating multimedia maps. The multimedia maps of Samar-
kand region, which are in stage of planning, serve as a great 
source of information and knowledge, give a practical assis-
tance to conduct research in the region.

Conclusion: To create the landscape map of Samarkand 
region of Uzbekistan, we used GIS software program as well 
as formed landscape map with the landscape incision of the 
area. In addition, we created technical studies to carry out 
landscape researches on the base of GIS.

The great importance of preparing a three-dimensional 
form of landscape map and transversal landscape incision 
drafts introduced. In upcoming years it will be the basis to 
create multimedia maps.
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PLACEMENT AND SPECIALIZATION OF LIGHT INDUSTRY IN UZBEKISTAN

Abstract: The article provides an overview of the territorial structure and specialization of the light industry and 
recommendations for its optimization.

Keywords: light industry, regional embodiment, regional specialization.
The light industry of Uzbekistan is one of the first and 

relatively narrow industries in the country, with a considerable 
distinction between its development and territorial structure. 
The branch provides the industry of the republic with 14–15% 
product and 3,5–4% of the gross domestic product (GDP) [3].

Cotton processing industry is a leading and internation-
ally recognized network of light industry. In the branch there 
are 99 enterprises with a capacity of over 4 million tons of 
cotton in the composition of Uzpakhtasanoat state joint-stock 
company (SJC). The number and power of enterprises in the 
sector is directly related to the volumes of cotton production 
in the regions of the Republic (Figure 1).

Cotton is sown on average, 40–45% of the irrigated crop 
areas in the regions of the country. Kashkadarya and Bukhara 
provinces are characterized by the size of cultivated areas and 
therefore they have a high cotton production and processing 
capacity. Growth of cotton and in accordance with it the de-
gree of the use of cotton-ginning capacities in the provinces 
vary slightly [1].

In the Republic of Uzbekistan, light industry goods such 
as cocoon, wool and leather are produced in all provinces. 
Particularly 2/3 part of the wool and leather are produced in 
Kashkadarya, Samarkand, Navoi, Jizzakh and Bukhara provinces 
(desert and mountain sheep pastures is developed there, Sur-
khandarya is also included into the above territories) the produc-
tion of cocoons is characterized by Fergana, Andijan, Namangan, 
Bukhara, Samarkand and Kashkadarya provinces (2/3 part).

The geography of processing of industrial raw materials 
is slightly different. The textile industry is the second largest 
chain of light industry (Figure 1). If the cotton-processing in-

dustry has a full processing of currently produced cotton raw 
materials and excellent regional repository, it is difficult to say 
such a thing about the textile industry (Figure 1)..

In the last 20–25 years, the level of cotton fiber processing 
in the republic has been rising year by year (from 9 to 53%), 
the production of ready cotton fabric decreased by 3 times, 
and the production of yarn skein increased. However, with the 
development of territorial structure of the branch, almost all 
regions have started to produce yarn, cotton fabric and knit-
wear products [4].

Production of yarn is embodied in the country’s tradition-
al textile centers as Fergana, Andijan, Tashkent (1/3 part) and 
cotton fabric production in Fergana, Namangan and Bukhara 
(3/4) provinces.

The territorial composition of silk and fabric production 
is naturally different from the yarn industry. Previously, in the 
country, there were 7 cocoon factories [2]. Currently, they are 
expanding their range of silk yarn and fiber in all Jizzakh, Kash-
kadarya and Navoi provinces. Among traditional centers of 
silk fabric production (Fergana, Namangan, Samarkand) only 
Namangan produce large quantities (more than 1/2 part). 
In recent years, the production of these products has been 
launched in Navoi and Syrdarya (1/2 of each) provinces. Silk 
fabrics (made from artificial silk staple fibers) are sharply re-
duced while the volume of silkworm and silk yarn production 
was increasing.

Production of knitwear, socks, shoes and leather prod-
ucts has been developing in the Republic in recent years. 
Excluding footwear and leather products, the volume of the 
rest production increased over the indicators of the 90s in 
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the last century. However, as the population in the country 
has increased by more than 1.5 times compared with the 

comparable period, it is clear that there are great opportuni-
ties for development.

Figure1. Territorial Structure of the Republic’s Light Industry (2016, by percent) [5]

While Uzbekistan has been exporting various light indus-
try products to the world market, it is currently focusing on 
the production of semi-finished products such as cotton fiber, 
silk yarn and cotton fabric.

The area of cotton fabric is relatively high in Fergana 
(3.99), Andijan (1.61), Bukhara (1.01), Tashkent province 
(1.58) and City (1.51). Raw fibers specialize in Fergana 
(4.69), Namangan (3.22) in Bukhara (2.58) and Tashkent 
(1.51) with average level (Table 1).

Table 1. – Regional specialization of production of some light industrial products in the Republic* [5]

cotton wool cocoon leather cotton 
yarn

cotton 
fabric

silk 
yarn

silk 
fabric

knit-
wear

stockings-
socks

1 2 3 4 5 6 7 8 9 10 11
Republic of 
Karakalpakstan 0.90 0.43 0.42 0.53 0.41 0.00 0.27 0.00 0.00 0.00

Andijan 1.16 0.75 1.62 0.69 1.61 0.34 0.07 0.00 1.43 3.19
Bukhara 1.43 1.31 1.53 1.29 1.01 2.58 1.13 0.00 0.06 0.18
Jizzakh 0.86 1.42 0.31 1.35 0.50 0.00 0.00 0.00 0.22 0.11
Kashkadarya 1.84 2.61 1.52 1.66 0.46 0.15 0.00 0.00 0.18 0.00
Navoi 0.47 1.35 0.49 1.38 0.74 0.10 0.00 2.79 0.03 0.28
Namangan 0.77 0.60 1.39 0.55 0.63 3.22 0.94 7.89 1.32 1.08
Samarkand 0.95 1.68 1.39 1.55 0.22 0.45 3.14 0.00 0.80 3.29
Surkhandarya 0.62 0.83 0.77 1.44 0.38 0.03 0.04 0.00 0.00 0.01
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1 2 3 4 5 6 7 8 9 10 11
Syrdarya 0.84 0.25 0.30 0.32 0.28 0.00 4.15 2.94 0.53 0.62
Tashkent 0.88 0.86 0.81 1.04 1.58 0.15 0.13 0.00 3.52 0.15
Fergana 1.00 0.47 1.34 0.74 3.99 4.69 0.81 0.39 0.59 1.23
Khorezm 1.25 0.45 1.08 0.44 0.64 0.78 3.35 0.00 0.21 0.07
Tashkent city 0.00 0.00 0.00 0.00 1.55 1.51 0.00 0.00 5.14 3.82
Republic of 
Uzbekistan 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00

* specialization coefficient with respect to per head

Syrdarya (4.15), Khorezm (3.35), Samarkand (3.14), 
Bukhara (1.13) provinces are specialized on silk yarn produc-
tion. At the present time, in the Republic, 1.5–2 mln. sq.m. silk 
fabrics are being prepared. The highest per capita production of 
silk fabrics is in Namangan (7.89), the high in Syrdarya (2.94) 
and Navoi (2.79) provinces (Table 1). There are produced main-
ly national fabrics in the branch and industry products are more 
focused on domestic consumption and are promoted through 
the global tourism market mainly through the tourism industry.

As noted, knitting industry is rapidly developing and its 
territorial structure is improving. Territorial specialization in 
the republic in 2016 has the highest values in the city of Tash-
kent (5.14) and Tashkent province (3.52), Andijan (1.43) 
and Namangan (1.32) provinces (Table 1). The branch is 
available in all regions of the country. Only in the Republic of 
Karakalpakstan and Surkhandarya province the branch enter-
prises have been inactive in recent years.

The textile industry has not yet so developed the pro-
duction of hemp and other fibrous materials, wool textile. 
Our country is the third largest producer of wool in Central 
Asia and the fourth in the CIS after Russia, Kazakhstan and 
Kyrgyzstan. In recent years, these branches of industries, par-
ticularly the non-wire materials industry, have slowly been 
recovering their previous production capacities [4].

For the reason that in the country sheep breeding mainly 
focuses on karakul sheep, about 98% of the produced wool is 
coarse wool and can more be used in carpet weaving. How-

ever, carpets in the country currently are being produced of 
about 100 percent of chemical fibers and yarns. There are large 
differences in the placement of raw materials in the area. For 
example, wool fabric production is embodied in Fergana, Na-
mangan and Navoi provinces and carpet weaving in Khorezm, 
Samarkand and Bukhara provinces [4].

Footwear and leather goods have also grown rapidly in 
recent years. At present, there are more than 300 enterprises 
in the field of leather shoes and leather processing [4]. The 
sector’s capacities are of average regional level and specializa-
tion in Tashkent city (3.82), Samarkand (3.29) and Andi-
jan (3.19) provinces, Namangan (1.08) and Fergana (1.23) 
provinces. The branch capacities were established almost in 
all regions at present (Table 1).

It is evident from the above that the territorial structure 
of the country is improving, excluding some sectors of the 
light industry. It should be carried out to continue this prac-
tice like the following. In this issue it is expedient to embody 
the powers of the branch’s enterprises along the Lower Amu 
Darya and Zarafshan economic regions as the main transport 
artery, in Fergana Valley, in the development “axis” develop-
ment Pap and Namangan-Uchkurgan-Kurgantepa-Andijan-
Fergana-Kokand, in Tashkent economic region around the 
triangle Chinaz-Yangiyul-Pskent-Chinaz, in Mirzachul in the 
direction of Jizzakh-Gagarin and Bayavut-Bakht, in the south-
ern economic area Kasan-Yangi-Nishan, Ghuzar-Sakhrisabz 
and Sherobod-Termez-Denov transport routes
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STATISTIC EVALUATING THE INFLUENCE OF CLIMATIC 
FACTORS TO THE STREAM OF ZARAFSHAN RIVER

Abstract: The article analyzes the effects of climatic factors on the flow of the Zarafshanriver, including the 
temperature of winter and summer precipitation and the summer temperature. To this end, the Zarafshan River has 
identified a large number of interconnected climatic factors between the annual average water costs and its regression 
equations. It is recommended to use these equations for the practice of hydrological calculations.

Keywords: river, river flow, annual average water consumption, climatic factors, summer precipitation, winter 
precipitation, air temperature, multifunctional connection, statistical evaluation, equation of regression, hydrologi-
cal calculations.

Introduction: Climatic factors, in particular, atmospher-
ic precipitations and air temperature matter significantly on 
formation of streams of rivers in mountains of Central Asia. 
Researches put into practice by well-known scientists – 
V. L. Shuls, O. P. Sheglova, M. N. Bolshakov, G. E. Glazirin, 
V. E. Chub, F. Kh. Khikmatov and others show that influence 
of these factors to the stream of rivers changes appropriately to 
the height. Especially if stream of rivers placed in foothills and 
average heights associates with atmospheric precipitations in 
all respects, air temperature will influence powerful in rivers 
beginning from constant snow and glacier (7, 6, 2, 3, 4, 5). 
Nevertheless, problems by statistically estimating influence of 
climatic factors above mentioned on appearing of stream of 
mountain rivers weren’t dealt exactly in hydrology. It should 
be noted that the solution of present problem has practical 
and scientific importance in hydrology of mountainous areas.

Main purpose of present research deals with discussing 
problem aforesaid in the example of Zarafshanriver which 
was considered trans-boundary, more precisely statistically 
evaluating influence of climatic factors (winter and summer 
atmospheric rains, air temperature in summer) onformation 
of stream of these rivers.

Data. We used average monthly and annual water expendi-
ture measured at basin and climatic period (1961–1990 years) 
of Dupuli hydrological post of Zarafshanriver which selected as 
object of researchto achieve this goal as primary information. 
And also we used information about atmospheric precipitation 
and air temperature observed at meteorological stations such 
as Dekhauz, Shakhriston, Anzobpasss located in watershed of 
Zarafshanriver according to tasks planned in the research.

We used the way of objective equalization and normaliza-
tion which suggested by G. A. Alekseev in statistical evalua-
tion of many numerous connections between hydrometeo-

rologicalchanges in the research. It should be noted that the 
variables we selected are considered monotonic hydrological 
variables which comply with the requirements of G. A. Alek-
seev’s method.

Results and discussion.It is known from aforemen-
tioned that we base on following four hydrometeorological-
variables in the research: 1) average annual water expenditures 
observed in the river; 2) winter atmospheric precipitations; 
3) summer atmospheric precipitations 4) summer air tem-
perature. Following three types of multiply calculations have 
been fulfilled considering that there are three (Dekhauz, 
Shakhristonpass, Anzobpass) basic meteorological stations:

QДуп = f[(ΣХX–III, ΣХIV–IX)Дех, (ΣtVI–IX)Фед],
QДуп = f[(ΣХX–III, ΣХIV–IX)Анз, (ΣtVI–IX)Фед],

QДуп = f[(ΣХX–III, ΣХIV–IX)Шахр, (ΣtVI–IX)Фед],
Here: QДуп  – average annual water expenditures mea-

sured at Dupuli hydro post of Zarafshan river, ΣХX–III and 
ΣХIV–IX – total combination of winter and summer precipita-
tions observed at meteorological stations, (ΣtVI–IX)Фед– total 
combination of average monthly air temperatures registered 
at meteorological station of Fedchenko glacier in June-Sep-
tember months.

Besides this, average values of information of the meteo-
rological stations of Dekhauz, Anzob pass and Shakhriston 
belongs to this calculation period were taken and used them 
as special variables and following connection was estimated 
statistically:

QДуп = f(ΣХX–III, ΣХIV–IX, ΣtVI–IX),
Here: QДуп – average annual water expenditures, ΣХX–III 

– and ΣХIV–IX – average values of winter and summer pre-
cipitations measured at meteorological stations, ΣtVI–IX – total 
combination of average monthly air temperatures registered 
at meteorological station of Fedchenko glacier (table 1).
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Table 1. – Statistic indices of connections between climatic factors and 
average annual water expenditures of Zarafshan river

Type of connection r r0 0
±σ r r01 01

±σ r r02 02
±σ r r03 03

±σ
QДуп = f[(ΣХX–III, ΣХIV–IX)Дех, (ΣtVI–IX)Фед] 0.68 ± 0.103 0.62 ± 0.114 0.21 ± 0.178 0.46 ± 0.146
QДуп = f[(ΣХX–III, ΣХIV–IX)Анз, (ΣtVI–IX)Фед] 0.49 ± 0.146 0.33 ± 0.165 0.21 ± 0.178 0.46 ± 0.146
QДуп = f[(ΣХX–III, ΣХIV–IX)Шахр, (ΣtVI–IX)Фед] 0.70 ± 0.098 0.56 ± 0.127 0.03 ± 0.186 0.46 ± 0.146
QДуп = f(ΣХX–III, ΣХIV–IX, ΣtVI–IX) 0.69 ± 0.101 0.65 ± 0.107 0.15 ± 0.182 0.46 ± 0.146

Note: r r0 0
±σ  

– coefficient of total correlation and its error, r r01 01
±σ ,  r r02 02

±σ ,  r r03 03
±σ  – coefficients of double correlation 

and its errors.

1. As showed at the schedule, values of coefficients of total 
correlation express connections between hydrometereologi-
cal variables change between 0.49 ± 0.146 ÷ 0.70 ± 0.098. It 
should be noted that values of coefficients of total correlation 
express their density in the connections of types 1, 3, 4 are 
almost the same. But value of coefficients of total correlation 
in connection type 2 is very little, that’s equal to 0.49. The 
reason of this, as above mentioned, atmosphere precipitations 
measured at metereological station of Anzob pass are not 
representative for Zarafshanriver.

Coefficients of double correlation, that’s r01 and r02, 
appropriately, represent links between water expenditure 
(QДуп) andwinter (ХX–III) andsummer (ХIV–IX) atmosphere 
precipitations. The table shows that values of r01, between 
0.33 ÷ 0.65, values of r02 change between 0.03 ÷ 0.21. Present 
results show that winter rains in the links of types 1, 3, 4 have an 
important role on appearing of stream of Zarafshan river. The 
smallest value (0.33) taken in the results of calculations belongs 
to Anzob pass, as aforementioned, this shows that there is little 
importance of winter precipitations registered at this metereo-
logical station on appearing of stream of Zarafshan river. 

Values of coefficients of double correlation r02represent 
link between stream of Zarafshan river and summer precipita-
tions change in very small values, exactly between 0.03 ÷ 0.21. 
Contribution of summer precipitations on formation of 
stream of Zarafshan river is very low. 

Influence of air temperature is reflected at value r03of coef-
ficient of double correlation on formation of stream of river. 
Because we used only metereological station, exactly, infor-

mation of metereological station “Fedchenko glacier” on all 
types of calculations. 

It can be said that based on statistic calculation above 
mentioned and analysis of their results, winter atmosphere 
precipitations and influence of summer air temperature exert 
effectively on appearing of stream of Zarafshan river. That’s 
why amount of atmospheric precipitations on Zarafshon basin 
during cold half of a year and change of summer air tempera-
ture on Zarafshan basin between years are reflected on vibra-
tions of average annual amounts of river stream.

Conclusions
1. Zarafshan river basin has its special orographical fea-

tures and this factor exerts to variables at different values 
by height of amount of atmospheric precipitations on basin 
and by area located river basin to the distribution at various 
amounts;

2. Annual stream of Zarafshan river and climatic factors, 
exactly atmospheric precipitations and air temperature were 
considered statistic indications of multiply links to estimate 
their impact. Argument 3 on calculations, paying attention to 
air temperature provided to increase coefficient of total cor-
relation, even at very small values;

3. Average annual water expenditure of Zarafshan river 
and summer atmospheric precipitations and also regressive 
equations of multiply links between summer air temperature 
were composed. The exactness of types 1, 3, 4 of these equa-
tions exactness were estimated with coefficients of total cor-
relation between 0.68 ÷ 0.70. It is recommended using them 
in practice of hydrological calculations.
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Steady growth of interest in geoinformation systems, high 
rates of their implementation, the breadth of the scope of ap-
plication, the inclusion of a number of important national 
geoinformation software programs require immediate action 
in the field of personnel training, development of educational 
geoinformatics for the mass user. As engaged in productive 
work, and studying in general educational institutions. At 
present, many universities of the Republic of Uzbekistan are 
training in geoinformatics. Information systems by fields of 
application are specialized, since the training GIS were de-
veloped by cartography, landscape studies, architecture and 
land use.

Geoinformation system will help the student to better un-
derstand the work with maps, learn to use databases, analyze 
a variety of materials. Working with such systems, students 
get acquainted with the software systems, choose their draw-
ing programs and implementation of cartographic methods. 
GIS – education has a number of specific features that distin-
guish it from other areas of training specialists. According to 
the concept of geoinformation education, proposals by the 
Aerospace Methods Laboratory GIS is a special type of geo-
information systems designed to solve the problems of higher 
professional education in the field of Earth sciences and re-
lated areas of practical activity.

Each GIS is a system consisting of three necessary com-
ponents – spatial data, hardware-software tools and a problem, 

as the object of solution. The main provisions of the concept 
of the standard educational GIS and GIS of the workshop on 
its basis, proposed for the universities of Uzbekistan, are as 
follows:

1. Educational GIS for nature specialties is a specific 
geoinformation system oriented to a certain territory and a 
certain range of applications. The most methodologically ap-
propriate integrated educational GIS of a local level for the 
territory of the educational and scientific station.

2. Educational GIS is rather not a software product, but 
a database of various integrated data related to the training 
territory, providing a comprehensive geographic and systemic 
study of the territory with cartographic tasks.

3. The most appropriate form of functioning of the train-
ing GIS is a GIS-workshop, each training task of which is a 
small GIS project of two-fold content: subject-thematic and 
geoinformation, and technological. The system of practical 
tasks should cover both typical tasks of applied research (eco-
logical assessment of the territory, assessing the suitability of 
lands for various uses, cadastral tasks), and the main set of 
modern techniques and procedures for computer processing 
of spatial information.

4. Information support for training GIS, along with the 
main natural and geographical characteristics of the territo-
ry, includes the results of studies performed in field student 
practice. This encourages the introduction of modern geoinfr-
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matsion technologies in the methodology of field geographic 
research.

5. The most promising area in the field of creating train-
ing GIS is the organization of a network of local GIS for key 
sections of universities and institutions of the republic in a 
single or joint software shell. The system of such training GIS, 
including polygons in various natural and climatic zones, pro-
vides the setting of practical works on the whole spectrum of 
geographic problems.

Educational information support for a GIS-workshop 
for natural sciences (digital maps, aerospace images, ground-
based observations, and non-spatial data) is the most expen-

sive part. Here, questions of information selection and man-
agement of this information are important. Data acquisition 
includes field surveys, aerial surveys, mapping. Usually three 
scale levels of materials are used – 1: 5 000 (mainly for aer-
ial photographs), 1:10 000 (main scale for database layers), 
1:25 000 (for screen images). To study the dynamic conditions 
of the natural geosystem, different time levels-multi-year (dif-
ferent maps, aerial and space images, materials from long-term 
field surveys of the landfill area), as well as seasonal (mainly 
aerial photographs and special landscape-phenological stud-
ies) are used.
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Dehkan households deported as “gulag” during the years 

of mass collective farming in Uzbekistan were placed in spe-
cial settlements under the control of the Main Directorate of 
Camps of the OGPU (United State Political Administration) 
(GULAG). In the 1930s and 1950s, they were called “spe-
cials” (specposelensy) in official documents. In 1936–1937, 
special settlements were formally organized and systematized. 
General management and control over private settlements 
The NKVD (People’s Commissariat of Internal Affairs of the 
USSR) bodies have established employment contracts with 
the NKVD and related economic organizations.

In 1937, the number of special populations excreted in the 
earliest in Uzbekistan was 15, with an average of 3538 “ear” 
families or 13924 people. In 1937, the following quantitative 
changes took place in the number of private settlements: 582 
people were born, 433 people were killed, 816 people escaped 
from the settlements. In previous years, 126 fugitives were de-
tained and 182 were voluntarily returned to their homeland. 
Out of the total number of refugees, 46 were convicted [1, 42].

It is well known that the 1937–1938 periods entered the 
Soviet history by the totalitarian regime’s mass repression against 
society. Public repression is a special Matter left a mark on the 
fate of those who were exiled to the villages. The repressive poli-
cy of the Soviet state began in the days when this system was set-
tled and continued until various times. However, the repressions 
of 1937–1938 were terrible because of its broadness, directed 
against all layers of society. The Stalin-led Bolshevik leaders 
sought to consolidate power and strengthen the totalitarianism 
in the country by widespread use of repressive practices.

In May-June 1937, the Communist Party and the Soviet 
authorities developed the intensive plans of the future mass re-
pression campaign and made decisive decisions on the fate of 
hundreds of thousands of victims of repression. At the July 2, 

1937 meeting of the Political Bureau of the Central Committee 
of the Communist Party of the VKP(b) a decision was made on 
the “Anti-Soviet” elements [2, 26]. This directive indicates that 
old-fashioned ears and criminals who escaped from exile in all 
urban and rural areas were engaged in anti-Soviet activities in 
industrial enterprises, collective farms, state farms, transport 
and other industries. The VKP(b) recommended the Republic, 
provincial Party leaders and the NKVD authorities to imme-
diately detain the ears and other criminals who were fleeing, 
and to execute their executions with “thugs” and the rest to be 
deported to the districts through the NKVD bodies.

At the meeting of the Political Bureau of the Central Com-
mittee of the Communist Party of the VKP(b) on July 11, 1937, 
the “Tribe” of the Uzbek SSR was determined by Zagvozdin 
(the People’s Commissar for Internal Affairs of the Uzbek SSR), 
Ikramov (secretary of the Central Committee of the UzKP(b)), 
Boltaboev (Chairman of the Supreme Soviet of the USSR) 
shoot imprisonment, and 3952 executions [3, 326].

On July 30, 1937, on the basis of the decision of the Po-
litical Bureau of the Central Committee of the Communist 
Party of the Soviet Union on July 2, operative order № 00447 
of the USSR NKVD “On the operation of repression of old 
ears, criminals and other anti-Soviet elements” was issued 
[4, 96–104]. The quota for the repression was divided into 
7 groups, the main object of repression, the former ears that 
had been sentenced to prison, and who were operating against 
the Soviet, escaping from camps or labor camps, and hiding 
from punishment. Therefore, this command is also called “the 
commandment of the gulags”.

In order to eliminate the “anti-Soviet” elements, the 
NKVD authorities were tasked with starting the repressive 
operation on August 5, 1937 and completing it within four 
months. Those who were repressed were divided into two cat-
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egories. Those in the first group were “relatively heavy” and 
were immediately imprisoned and imprisoned by the “thugs”, 
and the second category was all the hostile elements that had 
to be sentenced to between 8 and 10 years in prison.

This order also outlines the number of repressed people. 
In particular, the Uzbek SSR sentenced 750 people of the 
first category and 4000 people on the second category, and 
4750 people [4, 99]. Thus, on August 10, 1937, mass repres-
sions in Uzbekistan became more frequent. During the period 
from August 10, 1937 to January 1, 1938, 5924 people were 
sent from the “ears” throughout Uzbekistan, 1679 from the 
“criminals” and 3097 from other “anti-Soviet elements”. 3613 
of them were sentenced to Type 1, and 7087 persons were 
sentenced to 8 to 10 years in category 2. Judgment on the 
horse1376 of them were “ears”, 952 were criminals and 1285 
were “anti-Soviet elements”. In the second category, 4548 
were “ears”, 727 were criminals and 1812 were “anti-Soviet 
elements” [3, 387–388]. These figures testify that during the 
period from August 10, 1937 to January 1, 1938, the repres-
sions in Uzbekistan made more than twice the amount speci-
fied by the NKVD No. 00447.

Some of those repressed were former ears who were suf-
fering from exile in the labor camps. During the years of col-
lectivization, punished ears were reprinted again during the 
Greater Terror. Since 1934, the NKVD authorities have been 
consistently establishing agency jobs in the private towns. 
The agents brought various protesting moods to the party, 
the party-Soviet bodies, and its leaders to the relevant de-
partments of the NKVD. The agency’s information was the 
basis for repression of “ears” on exile.

In 1937–1938, the mass repression of the country did 
not overlook the “ears” that had been deported. From 1935 
to 1936 6530 people from the USSR’s special settlements were 
captured, 4,1215 in 1937–1938 and 5467 in 1939–1940. In 
1935–1940, 100% of the repressed displaced persons, 12.3% 
of 1935–1936, 77.4% in 1937–1938 and 10.3% in 1939–1940. 
38230 of the repressed repatriates in 1937–1938 lived in RS-
FSR territories (92.8%), and 2985 (7.2%) lived in the ter-
ritory of other former Soviet republics. In 1937–1938, 156 
Uzbek “former ears” were repressed in Uzbekistan’s special 
settlements [5, 58–59].

In the archives collection of the names of those who were 
repressed in Uzbekistan in 1937–1938, the “triplet” under 
the NIS of the Uzbekistan SSR provided information on 97 
people who were repressed by the special settlements [6, 7, 8]. 

They were distributed as follows: 9 people (1 person, 6 people 
10 years, 2 people 8 years in prison), 4 people from “Boyovut” 
special settlement (2 persons for 10 years, 2 persons) 8 years 
of imprisonment, 8 people from Special Strelkovo village 
(2 people, six people were sentenced to 10 years), 1 person 
from Stalin (10 years in prison), 6 people from the “5 Years of 
Uzbekistan” (1 person, 5 people – 10 years), 26 people from 
the “Dalvarzin” special dump № 6 (3 people, 19 people – 10 
years, 4 people – 8 years), “Savay” (5 people, 5 people – 10 
years), 5 people from the “Norin” special settlement (1 per-
son, four people were sentenced to 10 years), 7 people from 
special settlement № 9 named Kuybishev (5 people two peo-
ple were sentenced to 10 years), 21 people from “Bulungur” 
special district (5 people, 16 people 10 years in prison) were 
reprimanded [9]. In their nationalities, 69 Uzbeks (including 
19 assaults, 43 sentenced to 10 years, 7 to 8 years in prison), 
9 Russians (1 assault, 8 years in prison), Ukrainians 4 (all 
10 years in prison), Gabardines Turkmens were sentenced 
to three (1 shootout, 3 to 10 years in prison), 3 Turkmen (1 
robbery, 2 to 10 years in prison), 3 Tadjiks (2 for 10 years, 1 to 
8 years in prison), Ossetia’s 1 person the Uighur people were 
sentenced to 1 person (shoot), Ingush one person (10 years 
in prison), one from Dagestan (one to 10 years in prison), and 
one to Bulgarian (10 years in prison) [10].

The abovementioned numbers refer only to the number of 
people who were repressed by the “Trinity” under the NKVD 
UzSSR, and the number of persons sentenced to various pen-
alties by the courts during these years was not included.

At each of the “Thirds” at the NKVS of the USSR, on aver-
age 310–315 people were convicted. In most cases, the “Trin-
ity” quickly ruled out the charges against the NKVD sectors. 
Employees of the NKVD operatives in the regions have been 
charged with physical and psychological torture and have fabri-
cated various fraudulent offenses. The accusations were gener-
ally similar. Specifically, most displaced persons were convicted 
of involvement in the “aggression” or anti-Soviet propaganda.

In summary, in the years of mass repression “gulags” ex-
pelled to special settlements were again repressed. Part of the 
repressive limit set by the Supreme Soviet authorities was 
made at the expense of special repatriates. The local peniten-
tiary institutions did not abandon any kind of misconduct to 
fulfill the above task. Even when the detainees were subjected 
to torture and psychological exploitation, it was widely known 
that in that time that former system was recognized by juridi-
cal organs.
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From a geographical point of view, the island is located be-
tween sleeve Miankal Zarafshan River Akdarya and Karadarya, 
in the middle of the Zarafshan valley. This area has long had a 
kind of political, social, economic and cultural importance. In 
Historical sources Zarafshan Valley was characterized as the 
most flourishing area, characterized by its fertile soil, a highly 
developed culture, farming and agriculture.

Zarafshan River near the dam, located near Mount 
Chupanata in the northeastern part of Samarkand, is divided 
into two streams. Branch on the north side called Akdarya and 
south – Karadarya. Akdarya length is 130 km, Karadarya – 
127 km. The widest part of the island, located between them, 
is 15 km away. These two streams are combined as tributaries 
in the area of present Khatirchi Navai Vilayat between them is 
the island Miankal. The island length is 100 km, width 15 km, 
an area of 1200 square meters. km. [1, p. 200].

If you pay attention to the pages of history, Miankal in 
some studies, along with a variety of relationships, not count-
ing the random coincidences and counter thoughts, the past 
of the territory, especially its history in later middle ages to the 
present time by the historians are particularly studied.

It is known that in the coming Middle Ages, that is, before 
the Turkestan was conquered by the Russian Empire, through 
Russia from Western countries these places visited by many 
tourists, historians and Orientalists. Among them are the 
ones who were in Miankal Zarafshan Valley – These are Kh-
anykov N. V., A. Vamberi, E. K. Meyendorf [2]. Their works 
has valuable information about Miankal. This information is 
of great importance for research and analysis in the study of 
the multiple facets of the history of Miankal.

Orientals N. V. Khanykov, who visited Bukhara Khanate 
in the 40-ies. XIX century. Gives interesting information on ir-
rigated agriculture. According to his observations, in this area, 
along with many other cotton grown crops and from them to 
obtain high yields [3, p. 142–143].

In the diary entries A. Vamberi who traveled to Central 
Asia also found information about the area in which is located 
Miankal, and living there ethnic groups. He writes: “Leaving 
behind Karasu terrain, we reached Dovul. Our route passes 
through hilly steppe. Here could be seen the immense reeds 
and wood. They went halfway to Bukhara, served as shelter 
to Uzbek tribes khitay-kipchak, who often come into conflict 
with the emir” [4, p. 103].

E. K. Meyendorff writes about Miankal’s ethnic processes, 
about the settlement of Kalmyks before the second half of the 
XVIII century: “The Kalmyks, who in 1771 left bank of the 
Volga, and a families settled in the territory of Bukhara khan-
ate, almost completely forgotten their language and speak to 
each other in Uzbek: they can be found only in the face. They 
are distinguished by their courage, accepted uzbek traditions 
and live among them in special settlements in Miankal and 
other areas of Bukhara khanate” [5, p. 104].

Russian traveler Philip Yefremovich, who traveled in the 
70 years of XVIII centuries in Central Asia, remarked: “The 
local air is very clean, average-weather. And the ground, de-
spite the fact that it is white, red or sandy shade, very fruitful. 
Also here is grown grapes in large quantities, also growing fruit 
trees, wheat corn, cotton, barley and oats” [6, p. 127].

In 1825, in the “Asian Journal”, published in St. Peters-
burg, gives the following information about the areas belong-
ing Miankal: “In Miankal has a Yangikurgan fortress, which 
provides needs of the chief to artillery (Tupchibashi). In most 
of the local villages inhabited by Uzbeks” [7, p. 237].

After Turkestan became part of Russia, there were in-
vited many Orientalists and naturalists. Most of them visited 
the Zarafshan valley and conducted research there. Starting 
with the 60–70-ies. Of XIX century in articles of Russian 
authors such as A. P. Fedchenko, L. N. Sobolev, V. V. Rad-
lov collected valuable information about the political and 
economic life of Miankal in the second half of XVIII–XIX 
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centuries. On the concept they were written more about the 
Russian colonization in Central Asia and the assimilation 
of the natural resources of the region. They have valuable 
information to help to develop historical knowledge about 
Miankal. Especially has great importance of critical studying 
the works of Russian Orientalists and geographers, invited to 
explore the edges in the initial stage of colonization. These 
authors have left a lot of information on the socio-economic 
and political life of Miankal. However, these works until now 
have not been used in the study of Miankal’s history. In the 
history of the Soviet era this information was taken partly, 
only for monographic studies of Samarkand region and 
other areas of the Zarafshan Valley.

A. P. Fedchenko, who was in Miankal in 1869 and col-
lected topographic information about Dahbed, that located 
on its territory, wrote so: “Dahbed is about 13 miles from the 
north of Samarkand, and has a marvelous bazaar. This bazaar 
is located on the left bank of Akdarya and is open twice a 
week. For sale to this bazaar comes and visits his people from 
5 boroughs. Annual cash flow of the bazaar more than the 
Samarkand bazaar” [8, p. 221].

L. F. Kostenko who Traveled in 1870, as part of the 
Russian mission with a detailed route between Tashkent 
and Bukhara remarked: “The Road from Samarkand at a 
distance of 20 miles are gardens to the Zarafshan valley. 
But it rises all the way to Kattakurgan, is on the outskirts of 
the sublime shore, below which the solid, verdant gardens 
tape stretches famous Miankal. Miankal has an elongated 
island, formed by the bifurcation of the Zarafshan River. 
Near Samarkand Zarafshan is divided into two branches. 
These sleeves are joined in Bukhara city Khatirchi, lying 100 
miles from Samarkand. This island is completely populated” 
[9, p. 34–35].

Researcher N. A. Maev, who was in Zarafshan valley and 
held there research in the 70s. XIX century., said: “Zarafshan 
has the great importance of the cultural life Central Asia, has 
irrigated Miankal rich valley and the city: Samarkand and 
Bukhara. This area is fertile and tillage and dense indigenous 
population. This is – a gold mine in Central Asia. Zarafshan 
River forms its sleeves island occupied areas Afarinkent and 
Payshanba. It is the most populous and richest part of the val-
ley. Soil fertility and abundance of water are responsible for 
extraordinary yields the island. There is no piece of land that 
would be lost in vain: all handled very carefully. Fields of cot-
ton, wheat, rice, barley, millet, alfalfa, lined boundary strips 
trees here and there villages with their surrounding gardens – 
this is a common landscape of the island, which is also called 
Miankalat or Miankals Valley” [10, p. 107].

One of russian researchers, A. Grebenkin about Miankal 
write so: “In Zarafshan District has interfluves space – an 

island formed by Ak and Karadarya. This island is famous 
for its fertility and relatively high culture that is known 
about him, even in remote areas of the Zarafshan District 
Turkestan region; this is the famous Miankal valley. All the 
space between the two rivers Ak and Karadarya is a bit lofty 
island. This island is the most populated part of the fertile 
district of wealth which, no doubt, are its fields, orchards and 
groves. This island is completely covered cropland that can 
be measured, numbered, subjected to rigorous mathematical 
definition, and one founded number will remain unchanged 
for all subsequent times. Island abundantly supplied with 
water drawn from Akdarya and Karadarya. The network of 
irrigation canals so well distributed that the whole island and 
not an inch of water interfuse land and, therefore, no land, 
not sown. This island – the breadbasket of the whole region, 
and its rice supplies even Bukhara” [11, p. 2].

Russian researchers L. N. Sobolev and I. I. Geyer in his 
works pischut that Zarafshan River is divided into two streams 
in 8 miles from Samarkand, the length Akdarya 105 miles, and 
Karadarya 100 miles these two streams are combined again in 
Khatirchi situated on the territory Bukhara Khanate. Its width 
is 13 miles’ that it forms a large island. In this area a very large 
number of ditches and densely populated, this island called 
Miankal and is considered as the richest area of the valley 
Zarafshan [12, p. 220–221].

According to the observations of L. N. Sobolev, Miankal 
considered one of the most flourishing areas of Central Asia. 
The local population and the population on the outskirts 
call this territory, located between two rivers, Miankal. The 
total number of rural areas that used water from the river 
Zarafshan, 13. Among them are such areas as Afarinkent, 
Yangikurgan, Payshanba and most fruitful places, based in 
Kattakurgan District, located between two rivers and are 
considered the most fruitful countryside Zarafshan valley 
[13, p. 226].

In the 70-ies. XIX century Russian researcher V. V. Radlov, 
that conducted research in the valley of Zarafshan, gathered 
ethnic information about that in the middle of the Zarafshan 
Valley inhabited mainly kipchaks in the vicinity of Yangikur-
gan between Samarkand and Kattakurgan. Therefore Yangi-
kurgan called “Kipchak-Yangikurgan” [14, p. 60–61].

In general, the information given in the works, diaries, 
authors articles, helps to solve various problems related to the 
history Miankal including – to improve historical knowledge 
in this area.

Summarizing it can be noted that the information given 
above authors, characterize Miankal as a place populous, geo-
graphically convenient, with fertile soil and highly developed 
agriculture. Miankal – a rich oasis not only in Zarafshan valley, 
but also in the Bukhara khanate.
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One of the historian that conducted research on the his-
torical work “Firdaws al-iqbal” and the period of Muhammad 
Rahimkhan I is Q. Munirov. In his monography “Historiog-
raphy in Khorezm”, he presents complete information about 
the great historiographers of the beginning of XVII–XIX and 
ХХ that lived in Khorezm and about historical works written 
by them [1, 192].

While commenting on the work “Firdaws al-iqbal”, the 
historian informs that approximately 10 manuscripts copies 
of this work are kept in the manuscripts reserves of the Saints 
Petersburg department of the Orientalism institute of Russian 
Academy of Sciences and the Orientalism Institute under Abu 
Rayhon Beruniy of Uzbek Academy of Sciences.

This monography of Q. Munirov consists of IV chapters, 
and the first chapter tells about the problem of the study of 
Historiography in Khorezm.

The second chapter describes the historical works of 
Abulgoziy Bahodirkhan, Munis, Ogahiy and Bayoniy.

The third chapter tells about the description of the problem 
of political life of Khanat of Khiva in the historical works written 
in Khorezm around the beginning of XVII–XIX and XX.

The fourth chapter presents information about the socio-
economic and cultural life of the khanat of Khiva during that 
ages. Specifically, it analyses many problems regarding irriga-
tion works, feudal land ownership, taxes, positions, diplomatic 
and trade relations, the categories and tribes in the population 
structure, regional geographic information, scientists and po-
ets, in addition to building works.

Тhe research is written shortly, clearly and meticulously. 
The historian mentions particularly the authors of the work 
“Firdaws al-iqbal”: “The work started at the age of XVII by the 
Khan of Khiva and historian Abulgoziy, the renowned Uzbek 
poets and famous historiographers Shermuhammad Munis 
and Muhammad Rizo Ogahiy continued proficiently at the 
age XIX. In addition to writing the history of Khorezm, these 

great scientists and historiographers in turn created a particu-
lar school in this field” [1, 4].

Valuable records about the manuscript copies of the 
work “Firdaws al-iqbal” can also be found in the book by 
F. Ganikhodjaev “The description of the works of Ogahiy’’ 
[2, 126]. As it is mentioned in the book, there are six cop-
ies of this work by Munis and Ogahiy. The most complete 
copy of the work is kept in the department of Orientalism 
institute in Sainst Petersburg. There is one more copy of this 
work in this department. Both copies are the same. How-
ever, while the first copy was written by the handwritings 
of Munis and Ogahiy, the second one was written by that of 
Mulla Nurniyoz.

The third copy is kept in the manuscript reserve of the 
Academy of Sciences of the Republic of Uzbekistan. This copy 
was written down by Muhammad Rizo okhund ibn Muham-
mad Karim in 1879. The fourth copy is also kept there. This 
copy was also written down by the author of the third copy 
in 1903. The fifth copy is kept there as well. Khodjaniyoz al-
Khonqahiy copied it out in 1903. The sixth copy is within the 
former manuscript reserve of the institution and was written 
down by Mulla Khudaybergan Khivaqiy in 1910.

Some reference to the work “Firdaws al-iqbal” are ob-
served also in the works of G. Karimov and S. Dolimov 
[3, 5–35]. However, the works of these scientists do not give 
the citations from this historical work, but pay more attention 
to the historical works written by Ogahi only.

Vohid Abdullayev presents positive opinions about 
“Firdaws al-iqbal” as well. Specifically, the scientist writes 
about it as follows: “Firdaws al-iqbal” plays not only role in 
the study of historical events, but also in the reflection of the 
literal social atmosphere of that time. Although “Firdaws al-
iqbal” is a prosaic historical work, the literal historical value of 
it is increased by the presence of legends, poetic parts, peoples’ 
sayings and aphoristic words” [4, 116].
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There are some remarks by T. Ahmedov regarding “Firdaws 
al-iqbal”. His article in the book “The history of Uzbek lierature” 
was written in accord with the Soviet ideology. Therefore, the 
researcher avoided the world outlook of Munis (as a historian), 
praised often the governing class, the khan and his close people, 
and underrepresented the astrocytic governance, and in short 
he wrote it to the interest of leader class. He blacks the actions of 
other nations that fought for their freedom and independence 
[5, 412]. But whoever reading “Firdaws al-iqbal” attentively, he 
or she can understand what really lies under reciprocal battles 
presented in this historical work.

For example, the provocative actions of Toramurid sufi 
during the reign of Muhammad Rahimkhan I cannot be con-
sidered to be the struglle for the freedom. Moreover, it is dif-
ficult to call the actions of yumit, chovdir tribes related to rob-
bing caravans, attacks to city and villages, enslavement, rather 
than robbery. In short, the khan struggled at that time for the 
integrity and stability of the state. Both sides are equally guilty 
for the tensions entailed with neighbouring khanates.

In last years, the interest and the striving for studying 
“Firdaws al-iqbal” have increased more.

The 2010 edition of the work also include prologue and 
epilogue, which present good observations regarding the work. 
For instance, the author of the epilogue of that time N. Djumak-
hudja put forwards positive views related to this book. As he 
writes, the annals of “Firdaws al-iqbal” (The garden of happi-
nesses) was on of the influential events as it was in accordance 
with the first modern Uzbek spelling and genuine sources, the 
complete publishing of which was a large step to understand the 
existence and the national moral revival” [6, 372].

N. Djumakhudja develops the idea in his article by con-
sidering this historical annals to be invaluable treasure with 
the help of the opinions expressed by our most respectful first 
president I. A. Karimov. He pays attention to the talent of the 
authors in terms of the description of the events in the work 
and he proves the moral educational significance of this work 
for today. He also presents the socio-economic reasons for 
the bloody battles in the work. The fact that the author of the 
article proves that the part of Ogahiy should be written as the 
style of Muhammadrizo and that its different writing styles 
should be put an end to is important as well.

There is one more aspect that N. Djumakhudja draws at-
tention to, as he writes Munis and Ogahiy uses Persian and 
especially Arabic words and expressions to express thoughts 
in the book. They use the Arabic moulds usefully to construct 
the religious sentences related to divine. Moreover, the style of 
Ogahiy is different to that of Munis by its relative simplicity.

Therefore, it is rational form now one to publish the com-
plex works as “Firdaws al-iqbal” by adapting them to the cur-
rent Uzbek literal language [6, 379]. Of course, this view of 
the scientist is right, because it is very difficult to understand 
the language of the work even for the scientist with tertiary 
education.

This edition includes the foreword of S. R. Ruzimboyev 
and A. Ahmedov that pays attention to the unique history of 
Khorezm and mentions “Аvesto” and Bеhustun manuscripts. 
Also, it provides the observations for the works of Bartold, 
Veselovskiy and Tolstov.
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The Soviet power in establishing and strengthening its 
domination in Uzbekistan fully relied on punitive organs. In 
the ongoing military and political repressions, the main role 
was played by the TurkChK, the revolutionary tribunals, the 
Red Army, the Dictatorship Commission, the workers ‘and 
peasants’ militia, the GPU, the OGPU and the NKVD.

The absurd Stalinist idea of   exacerbating the class struggle 
in the conditions of the construction of a new society was 
called upon to remove the questions that arose in the minds 
of the masses. It was believed that once the difficulties were 
growing, then the enemies of the people were intensifying 
subversive activities, the class struggle was becoming more 
acute. Anyone who did not like this “explanation” and who 
thought to find another, fell into the “re-education” in the 
camps or were physically destroyed.

In the autumn of 1920 in Bukhara the Bolsheviks estab-
lished the Extraordinary Commission of Bukhara, Haji Has-
san Ahromi oglu was appointed chairman of, Alimzhan Ak-
churin, who represented the Center, was appointed chairman 
of the Extraordinary Commission [1, 7–8].

October 18, 1920 at a meeting of the Supreme the revo-
lutionary tribunal many popular figures in the people were 
sentenced to death. The newspaper “Bukhoro Akhbori” on 
November 21 printed the names of 29 people who were re-
pressed in Bukhara [2].

In the summer of 1922, the Extraordinary Commission-
er discovered a national secret organization that was acting 
against Soviet power. In Bukhara, there were mass arrests of 
the members of the secret organization and their leaders, as 
well as those involved in it. To investigate the organization’s 
activities, the government of the BNSR, including Mukhtar-
zhon Saidkhanzada, Abdurahim Yusufzada, Abdurauf Fitrat 
[3, 90–93], formed a special commission

The dictatorship commission was another of the executive 
bodies of the Center in Bukhara. The main task of the Com-

mission was to establish a revolutionary order in the areas of 
Eastern Bukhara, as well as the elimination of armed resistance. 
It was authorized, without repealing the constitutional laws in 
the regions of Karshi, Shahrisabz and Karki, [4, 114] the right 
to create revolutionary committees instead of executive commit-
tees [5, 236].

One of the punitive organs of the Center in Bukhara was the 
revolutionary military tribunal [6, 31]. On October 17, 1921, 
the Supreme Military Revolutionary Tribunal of the BNR was 
renamed into a military tribunal under the Justice of the People’s 
Commissars, and the charter of the military tribunal was also 
approved [7, 7]. The documents – revolutionary tribunal. On De-
cember 1, 1922, the Revolutionary Tribunal of the BNPR issued a 
further conviction of 34 persons to 5 years in prison for complicity 
and participation in Basmachi [8, 97–102].

In the summer of 1922, the State Political Administration 
(GPU) was created in the Bukhara Republic to fight the counter-
revolutionary, also armed movement against Soviet power [9, 75].

Soviet power also used the clergy in the struggle against the 
participants in the armed movement. On January 28–31, 1924, 
at the Congress of the Supreme Clergy, under the pressure of the 
government, the resolution “On Basmachism” was adopted, which 
was signed by 113 representatives of the clergy. It becomes obvi-
ous that the Soviet government did not for a minute weaken the 
struggle against the participants of the armed movement, not only 
with armed, but also with political methods.

Red Army men flew a deadly cloud over Bukhara. Espe-
cially in the regions of Gamhur, Gishti, Termez, Vangose, Po-
lonze and Bakhchigaz, bloody massacres were staged. Only 
from November 1923 to early 1925, 4,961 persons were killed 
from the participants of the armed movement on the territory 
of Bukhara, 3307 persons were arrested [10, 17–19].

The main burden of repression fell on local cadres who 
dared to defend the national interests of the republic. Against 
them, cases were initiated under far-fetched political pretexts 
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that branded Uzbek national cadres as a “group of eighteen”, 
“inogamovshchina”, “Kasymovshchina”.

In 1929, 87 members of the “Milliy Isteqlol” organiza-
tion (“National Independence”), led by the famous educator 
Jadidim Munavvar Kary Abdurashidkhanov, were arrested. 15 
people were shot in Moscow, and the rest were sent to forced 
labor camps. Prominent public figures Mannon Abdullayev 
(Ramzi), Nasyr Saidov, Mahmud Mykhodkhoev, Hasil Vasi-
lov, Sabir Kadyrov were sentenced to death, which was later 
replaced by long prison terms [11, 7–21].

A brutal tragedy turned for the national culture of the 
repression in the 1930sof the XX century. From its ranks, 
talented figures of literature and art-Abdullah Kadiri, Chul-
pan, Fitrat, Shakir Suleiman, Ziya Said, Elbek, Aizam Ayub, 
Usmon Nasyr, Kasym Sorokin and others were ripped out 
and declared “enemies of the people” and for many years the 
access was denied to the works of repressed poets and writers.

Deepest damage to the spiritual culture of the Uzbek 
people caused persecution of religion, clergy and believers. 
A significant part of the clergy of Uzbekistan was sent to con-
centration camps. The mosques and madrasahs were closed, 
which in their essence were not only the centers of religious 
ceremonies, but also centers of spiritual culture, science and 
education that preserved and enriched the great spiritual heri-
tage of the people. Time has shown that repressions against 
religion did not lead to its withering away, but, on the contrary, 
strengthened its influence on the population. Moreover, the 
decline in the level of religious knowledge led to the spread of 
perverted religious trends among the population.

In the years of the “Great Terror” only 21 people were con-
victed in the case of the so-called “Anti-Soviet Pravotrotskist 

bloc” (it was considered in 1938): NI Bukharin, AI Rykov 
and others. Among them, the sons of the Uzbek people – 
A. Ikramov, F. Khodzhaev, sentenced to be shot [12, 3–10].

In the second half of the 1930s, mass arrests began in Uz-
bekistan. By the spring of 1938, more than 60% of executives 
and economic workers had been repressed [13, 3–5].

They were accused of counter-revolutionary, anti-Soviet, 
sabotage-sabotage, espionage and terrorist activities. In viola-
tion of all legal norms, the prosecution was based on only one 
kind of evidence – the recognition of persons under investi-
gation. Such punitive policy of the Center allowed maintain-
ing social tension in the society directed against the slightest 
shades of dissent, pluralism of opinions, independence of 
judgments.

Inspired campaigns against the “enemies of the people” 
were virtually uninterrupted. The ultimate “supertask” of all 
this monstrous activity was the creation in society of a system, 
fear and formal unanimity.

Therefore, during the years of Stalin’s rule, the «troikas» 
of the NKVD (1937–1953) of Uzbekistan, 1000000 people 
were arrested and 13000 of them were shot [14]. A totalitar-
ian regime was established that trampled on the principles of 
humanism and democracy. Lies permeated both politics and 
economics, and literature and art.

The history was falsified, the statistics and results of social 
processes that were taking place in society were distorted, the 
word and deed were torn, the desired was given as valid.

August 31 is the Day of Remembrance of the Victims of 
Repression, which is an official recognition of our state and 
the whole people of the need to preserve the memory of the 
lost compatriots.
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Abstract: The purpose of this article is to develop a method for identifying and evaluating of scientific and 
educational information resources on the basis of a systematic approach to the problem of ensuring the security of 
library information resources. The results show that the degree of importance of information is a decisive factor when 
choosing measures to ensure its security.
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Introduction. The formation and use of scientific and ed-

ucational information (SEI) is important not only for science, 
education, but also for the economy and business, as well as 
society as a whole. Informational scientific and educational 
resources – separate documents and separate arrays of docu-
ments, in information and library and archival institutions 
(libraries, archives, funds, data banks, other information sys-
tems) of value for science and education. These are, basically, 
licensed electronic information resources of libraries, patents 
for inventions, scientific and educational databases, etc.

The development of ICT has led to the activation of the 
use of electronic sources of information and this trend is in-
creasingly growing. This is facilitated by the availability of in-
formation exchange at a distance, a sharp increase in the speed 
of their data retrieval, storage of processing a large amount of 
information. But these opportunities also gave rise to prob-
lems such as the security of library resources, the protection 
of users’ personal information [5]. Increasing the volume and 
value of the SEI leads to increased threats of unauthorized ac-
cess. And this, in turn, requires the creation of reliable means 
of protecting the sources of the SEI.

As is known, information resources are available both for 
open access and for limited use, including paid sources. Such re-
sources must be protected from unauthorized access, that is, it is 
necessary to ensure their confidentiality. Even if the information 
is free, you still need to ensure its integrity. In addition, some 
resources may not be intended for all users, but for individual 
user groups. Breach of information security can lead to a breach 

of the integrity of the stored data, which in turn can lead to a 
relaxation of trust in the owners, founders, employees of institu-
tions that own sources and economic losses [1].

Below is an approach to solving the problem of ensuring 
the safety of an SEI based on a systematic approach, taking 
into account the multitude of factors that affect not only ac-
cess to data but also the cost of the source of the SEI.

The SEI security problem. Let’s consider a number of 
tasks that are directly related to the SEI security problem: 
a) identification of the problem of ensuring the security of 
the SEI and assessing its relevance; b) formulating a com-
mon goal and objectives of the system for protecting the SEI; 
c) identification and evaluation of the SEI in terms of informa-
tion security.

The above tasks require the creation of information se-
curity systems in libraries. This system may be subject to gen-
eral requirements ensuring the supply and permanent pres-
ervation of the following properties of library information: 
a) providing legal users with free use of library resources;  
b) the integrity and accessibility of library information re-
sources reproduced in information systems, stored, and sent 
through communication channels; c) confidentiality of infor-
mation; e) inviolability of personal documents.

Most libraries are often not ready to manage computer 
networks and new technologies, they should be well informed 
about information security. Nowadays, libraries in using their 
private system, should provide for measures to convince clients 
of the inviolability of their privacy and personal information 
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security. To the security of information, considering the large 
number of users, there are also a number of requirements, each 
class of users has their own different security measures [2].

Protection objects. To obtain permission to use multiple 
library services, visitors must create their own registration 
records, they must include the address, telephone numbers 
and other personal data. This further increases the security 
requirements [3]. In this case, it is appropriate to mention all 
protected objects in the library. Library system includes such 
total assets as a database, Web sites, devices, and software to 
manage administrators [7]. Nowadays, many libraries orga-
nize the interactive services carried out for a fee [4].

The tangible and intangible types of security objects of 
libraries in general form can be divided as shown in (Table 1).

Table 1. – Types of protected objects of libraries

Protection objects
Tangible Intangible

Equipment, servers and 
network devices, informa-
tion carriers and means of 
protection.

Electronic resources of 
libraries, personal data, 
software, reputation, 
knowledge and skill.

Modeling is an effective tool at the design and improve-
ment stages in the study of information security systems. The 
success of creating security systems depends on the optimality 

of the model. To build the optimal model, information about 
the protection object is required.

The proposed structural verbal model of the protection 
object includes objects of protection of four types: informa-
tion assets, hardware, software and network devices. The 
model proposes structuring the resources of the protection 
object of each type.

So, the protection object model can be presented in the 
form of the table 2. In the mode column of using informa-
tion assets, users who have access to the assets (F) and their 
login rights (R), as well as the asset use time (t), are indicated. 
The initial value column is populated with the initial costs for 
developing and assigning assets. Assets need to be classified 
by confidentiality, integrity, accessibility and by the degree 
of other qualities. The grouping of similar and related assets 
facilitates the assessment process.

Using the proposed approach, can build a model of a 
particular security object. Evaluation of the sei in terms of 
information security. Until now, a number of researches on 
the evaluation of information assets have been carried out. 
Nicole Laskowski (2014) gives six ways to assess the infor-
mation assets, these methods are divided into economic and 
non-economic categories [8]. In this article we will consider 
the issue of SEI assessment in terms of non-economic infor-
mation security.

Table 2. – Model of protection objects

№ Type of assets
1 Information resources

Elements of assets Asset name Type Registration time Using Basic cost
1.1 Resource name 1 Articles F1 (R1, R2, t1)

2 Hardware
Elements of assets Asset name Level of physical use Place of installation Vulnerability Basic cost

2.1 Computer L1 Employee Workplace The weakness of physi-
cal protection

3 Software
Elements of assets Asset name Level of confidentiality Using Place of installation Basic cost

3.1 System software Very high F3 (R4, R5,) In the server
4 Network equipment

Elements of assets Asset name Supportive technologies Level of ensuring integ-
rity Place of installation Basic cost

4.1 Router Gigabit Ethernet Very high Inside the building

The effective ensuring of information security for the SEI 
depends to a large extent on the choice of protective equipment 
and the methods of the corresponding price of information re-
sources. Currently, there are many ways and means of protecting 
information. But the task of measuring prices, SEI in terms of 
information security, remains a little studied area. Evaluation of 
information resources in terms of security gives the information 

owner the opportunity to pay much attention to tasks related to 
its protection, allocation of funds or to save costs.

The difficulty of assessing information is that it is con-
sidered an unphysical, intangible asset. Information can be 
evaluated in terms of quantity and quality. It is necessary to 
distinguish the difference between the cost of information and 
price. The actual value of information is determined on the 
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basis of the costs of its acquisition, creation and maintenance. 
And the price of an asset is determined by its importance for 
the owner, authorized and unauthorized users.

Also to need confirm that the price of information is dy-
namic. That is, its price over time can vary. Usually there is a re-
duction in the price of information over time. In fact, if no one 
uses information, it is nothing. The exchange of information 
raises its price. That is, the more people use information, the 
more its economic profit may increase. But the increase in the 
number of copies of information, its price does not increase 
(may increase costs). Because it does not create “new” infor-
mation [6]. It should also be emphasized that from “outdated” 
information there is only no benefit, but one can get a loss 
from its preservation. This means that enterprises, if they want 
to preserve their prestige before users and society, they must 
correctly manage the prices of stored information or services.

The price of information depends not only on the party 
that represents it, but also on the side that accepts it. Informa-
tion can be of great value, but if it is of poor quality or users 
have low information literacy, then the price of information 
will be low.

In the proposed SEI estimation model, a, ,β γ  scale on 
the confidentiality, integrity and availability of the informa-
tion resource are introduced first. Also taken into account are 
indicators such as the Basic cost (BC) consisting of acquisi-
tion or production costs, reproduction, preservation of the 
information resource and the Access activity (AA) of use of 
information in the time interval T. Proceeding from the fore-
going, the cognitive model identifying, structuring and deter-
mining the degree of importance of SEI can be described in 
the (Table 3).

Table 3. – Verbal model identifying, structuring and determining the degree of importance of SEI

Type of resource
Name of resource BC CS IS AS АA

Scientific information
Monograph A1 B1 Y1

Monograph 1 c1
1 a1

1 β1
1 Y1

1 u1
1

Monograph l1 cl1

1 al1

1 βl1

1 Yl1

1 ul1

1

Scientific paper A2 B2 Y2

Scientific paper 1 c1
2 a2

1 β2
1 γ 2

1 u2
1

Scientific paper l2 сl2

2 al2

1 βl2

1 γ l2

1 ul2

1

Educational information
Textbook A4 B4 Y4

Textbook 1 c1
4 a1

4 β1
4 γ1

4 u1
4

Lecture note A5 B5 Y5

Lecture note 1 c1
5 a1

5
β1

5 γ1
5 u1

5

cl6

6 al6

6 βl6

6 γ l6

6 ul6

6

License documents
Invention A7 B7 Y7

An Bn Yn

cl
n

n
al

n

n
βl

n

n
γ l

n

n
ul

n

n

c j
i  – basic coast (BC), acquisition or production costs of 

information;
a aj

i

i
, ,1 ∗   – confidentiality scale (CS), here 1≤ ≤ ∗a aj

i ;

β βj
i

i
, ,1 ∗   – integrity scale (IS), here 1≤ ≤ ∗β βj

i ;

γ γj
i

i
, ,1 ∗   – accessibility scale (AS), here 1≤ ≤ ∗γ γj

i ;

uj
i

i
 – activity of using (АU) i n j li= =( )1 1... , ... ;

A B Yi i i, ,  are the expert coefficients on the confidential-
ity, integrity and availability of the information resource of the 

 type, in the interval [0.1].
x x x xl l ln1 1 1 1

,..., , ,...,
+

 – types of resources. x ii =( )1... ln

Then the number of all resources is equal to li
i

n

=
∑

1

.

The level of importance of the information is:
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Then the security price of type resource (Security Price), 
is calculated by the following formula:

SP
SLI c u

T
i ni

i l
i

l
i

i i=
⋅ ⋅

=( )1...

Most of the information does not have a high level of con-
fidentiality. For example, electronic catalogs do not require 
confidentiality, but integrity and accessibility of information. 
But at the same time there are data with high confidentiality, 
such as paid resources or personal data of the user. Based on 
the above, can be estimate the cost of resources of a certain 
type or a particular department.

Conclusion. Thus, the result of the analysis of the issue 
of ensuring the information security of scientific and edu-
cational resources shows worthy of the significance of these 
data and requires protection from unauthorized access. The 

article, based on the system analysis, justifies the relevance 
of the problem of ensuring the security of the SEI and the 
reasons for its origin. Existing studies show that the SEI can 
be viewed as information asset, and to ensure their confiden-
tiality, integrity, and accessibility. To do this, it is first neces-
sary to identify, classify and assessment in terms of security. 
Here, the degree of influence on the price of information, not 
only such as the initial costs of information associated with its 
acquisition or reproduction, the costs associated with its pres-
ervation, but also the number of access for information in a 
certain time period. Here can be see that the price of informa-
tion value has a dynamic character. Estimation of information 
resources in term of security can be applied not only when 
making decisions on adequate means of protection, but also 
when comparing information in terms of importance and in 
the long-term planning of business processes.
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REGULATION OF ENERGY CONSUMPTION IN THE IRON AND STEEL MILLS

Abstract: In article the problem of calculation of specific consumption rates of the electric power on production of 
compressed air and an expense of the electric power is considered by pumps of the cooling water system. The method 
of calculation of a specific expense of the electric power in case of lack of materials of test and data of operation and 
a number of the amendments considering a deviation of the valid conditions from theoretical is offered.
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One of the determining conditions of cost reductions 

in industrial enterprises and improve economic efficiency 
of production in general are the rational use of energy re-
sources. However, energy-efficient way of development of the 
domestic economy is only possible when the formation and 
implementation of energy efficiency programs in individual 
enterprises, for which it is necessary to establish an appropri-
ate methodological and methodical base. Delaying the imple-
mentation of energy efficiency measures causes significant 
economic damage to enterprises and negatively affects the 
overall environmental and socio-economic situation.

Energy efficiency is one of the most important indicators 
of the efficiency of the enterprise as a whole, and for the steel 
industry, with the characteristic of great energy, and one of 
the reasons for its survival.

In today’s day industries become more popping up new 
production facilities, equipped with the latest standards. Many 
companies have built a production process on the basis of 
compressor equipment. One of the main indicators of the 
efficiency of the compressor is the specific consumption of 
energy expended to produce compressed air. To assess the fea-
sibility of using electricity compressor machine requires that 
its consumption is not coming out of the limits of the rules.

The refore, all companies with compressors, required to 
establish technically sound consumption rate of electricity to 
produce compressed air for each compressor machine.

The specific consumption rate of the electric power on 
production of compressed air consists of the following ele-
ments:

E = E1 + E2+E3
Where E1 – power consumption on the compressor drive;
E2 – power consumption on the drive of pumps of the 

cooling system;
E3 – power consumption for auxiliary needs of compres-

sor installation (lighting, ventilation, the electro crane, ma-
chines, etc.)

The electric power expense can be determined by pumps 
of the cooling water system:

– With counters of the electric power consumed electri-
cal engines of pumps or by amount of the cooling water, its 
pressure and to the coefficient of performance of pumps on 
a formula

E
NQw

p e trans

=
⋅3600 102η η η

Where N – a water pressure, including also height of ab-
sorption, m of water column;

Qw – an hour consumption of water;
η p  – Coefficient of performance of the pump;
η trans  – coefficient of performance of transfer is accepted 

on the following.
To data belt 0.94–0.98, to V-belt 0.88–0.98, to reducer 

0.88–0.96.
The norm of a specific expense on production of com-

pressed air to be established with a single compressor and the 
station in general needs for two periods of year, winter and 
summer.

For establishment of a consumption rate of the electric 
power on production of compressed air the materials of 
tests of compressor machines given to operation, based on 
the correct indications of instrumentations and theoretical 
calculations have to serve. The initial value of a specific ex-
pense of the electric power is determined by these materials 
and normal service conditions are established according to 
which for receiving norm necessary amendments to it are 
entered.

In case of lack of materials of test and data of operation 
the initial value of a specific expense of the electric power is 
determined by a formula

S
L а

kW of hini
is cor

is e trans

=
⋅

= [ ]1000
3600 102

100
η η η

/ ;

Here Lis – isothermal operation of the compressor, m kg,
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where P1 – pressure of absorption, ama;

P2 – the final pressure of compression, ama;

1 2

1

g
ρ
ρ

 – relation logarithm value;

V1 – the initial soaked-up air volume, equal to 1 m.

Figure 1. Average value of isothermal coefficient of performance for various types of compressors 
depending on productivity at pressure of compression of 8–9 ama of loading

I  – piston compressors; II  – rotational compressors; 
III – turbo compressors.

ηis  – isothermal coefficient of performance of the com-
pressor, we define; with test of the compressor or fig. 1;

ηe  – coefficient of performance of the electric motor;
ηtrans  – coefficient of performance of transfers from the 

electric motor to the compressor;
acor  – the correction coefficient for transfer in normal cu-

bic meters (nm3), is on a formula;

acor
v

=
1 205,
γ

 [kg/m3]

where γ v  the specific weight of the soaked-up air in the valid 
conditions,

γυ = +
0 465

273
,

B
t

av  [kg/m3]
where Bav – average barometric pressure, mm of mercury

t – temperature of the soaked-up air for the period of ra-
tioning,° C.

The initial value of a specific expense of the electric power 
won’t be final as the found value belongs to certain conditions: 
to pressure, loading and to a condition of the compressor. In 
practical conditions it is necessary to make a number of the 

amendments considering a deviation of the valid conditions 
from the theoretical to the found initial value of a specific ex-
pense.

These amendments have to be considered by the follow-
ing coefficients:

a) In the coefficient considering wear of the compressor. 
For new compressors it is equal to unit, and for old machines 
of piston and rotational types not lower than 0, 90, for turbo 
compressors not lower than 0, 95. Decline in production be-
low the given norms isn’t allowed, and the compressor has to 
be exposed to capital repairs;

b) In the coefficient considering the final pressure of com-
pression;

c) In correction coefficient, on absorption temperature.
Thus, the economy of the electric power on compressor 

installations has to be based on the correct organization of 
rationing and creation of progressive consumption rates of the 
electric power. Norms have to be under construction on the 
basis of the technical calculations corresponding to a current 
state of equipment, features of production in the production 
technology.
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1. Introduction
It is necessary to develop a specific method consisting of 

rules and algorithms that allows evaluating information sys-
tems based on specific security models.

The methodology should describe the actions to be taken 
by using evaluation criteria and tools to assess the security 
of the information system. This method is designed to assess 
the protection of the information system by an organization’s 
information security expert on the basis of criteria based on 
expert opinions. In addition, the method can be used by de-
velopers of information systems, system protection profile and 
application for initial security information.

The method is designed to combine the process of evalu-
ating information security with a view allowing them to evalu-
ate the effectiveness of different security tools.

Principles of information security protection.
The following guidelines are useful when creating a 

method:
− the results of objectivity assessment are based on evi-

dence and independent from the evaluator’s judgment;
− impartiality – when the results of evaluation are subject 

to subjective considerations;
− recycling – the same appraisal always results if the same 

appraisal is used;
− correction – provides an accurate assessment of the ap-

praiser’s behavior;
− suitability – all types of assessment are carried out to 

the extent required to meet the assurance requirements;
− conformity – Each action of the appraiser will help to 

increase the confidence in proportion to the performance of 
at least the appraiser.

Formation stages of information security criteria and in-
dicators system. Lines of formation of information security 
criteria and indicators system:

– first stage. Points of information security criteria and 
indicators based on the priorities of information security 
principles by experts and the formation of a database on 
them;

– second stage. Formation of knowledge base. Determin-
ing the linguistic scale in the evaluation. Evaluation of the low-
est level of evaluation criteria. Construction functionality;

– third stage. Creating informational database. These are 
the principles of conflict and the emergence of complex situ-
ations. Defective value deduction.

– fourth stage. Determination of the priority of the 
components of the information system and calculation of ef-
ficiency coefficients;

– the fifth stage. Assessing all components of the infor-
mation system based on linguistic terms based on the lowest 
level of information security criteria;

– the sixth stage. Calculate the values   of the components 
of information security criteria based on the knowledge base, 
by the clerical function;

– seventh stage. Calculation of connections between in-
dicators. In turn, calculate family and class values   of security 
criteria;

– eighth stage. Computing the system components and 
systems total cost;

– the ninth stage. Analyzing the evaluation results. Writ-
ing Reports.

Thus, the expertise team of the Information Security 
Measurement and Indicators Formation scores the three main 
information security criteria, such as scoring criteria for infor-
mation security criteria based on the priority of confidential-
ity, user-friendliness and integrity, and the expertise of the 
findings on the basis of the scores obtained and assessing the 
security of the information system, the development of rules 
based on the theory of logic. In addition, the calculation of the 
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degree of protection of the information system is based on the 
scores awarded to the end.

Assessing the protection of the information system in-
volves steps that combine the sequence of events to address 
the problem. They can be divided into the following groups:

– Formation of criteria. This group can include the first, 
second, and third steps;

– Evaluation of the information system. This group goes 
from the fourth to the eighth stage;

– Completing the evaluation. At the ninth stage, assess-
ment results of the information system are analyzed and docu-
mented.

2. Calculation of the parameters of information secu-
rity criteria and indicators

The quality of the protection mechanisms used in the 
information systems is determined by the degree of compli-
ance with the security functional requirements that cover 
the security policy and counteract threats within the context 
of approximate exploitation. Different levels of protection 
quality are varied. Therefore, it is proposed to prioritize the 
information security policy adopted by the organization in 
order to determine the importance of the required security 
functin.

Table 1. – highlights the prioritized level of information security

Priority Basic principles of information security

1. Confidentiality integrity Availability integrity Confidentiality Availability

2. integrity Availability confidentiality Confidentiality Availability integrity

3. Availability confidentiality integrity Availability Integrity confidentiality

This method is based on the evaluation of the expert 
group’s assessment of the importance of each criterion in the 
range 0–10. This method allows a few experts to summarize 
their scores on the significance of the criteria and to print the 
decimal numbers [11].

Let’s assume, let the expert evaluate the importance of the 
criterion. Then the criterion can be written down as follows:
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Figure1. shows the structure of the information security 
overall criteria requirements.

Using the above method, the classifications of informa-
tion security criteria, families and components are calculated. 
It also identifies the priorities of the information system com-
ponents, and they are also the robustness factors.

It is well known that information security information se-
curity technologies will be evaluated and recommendations 
will be made to improve the security level. It should be noted 
that the classification of the classification factor based on the 
priorities of security (privacy, integrity, and use), based on 
the nature of the object of evaluation, will allow for objective 
and clear assessment of security. It is also possible to define 
the priority of measurements [1].

3. Forming non-public information in the assessment 
of information security.

It is well known that experts can not always participate in 
internal evaluation of the organization’s information security. 
Therefore, it is expedient to use the knowledge base formed on 
the basis of expert opinions in the evaluation of information 
security. Compliance with system security information security 
requirements is assessed using the following linguistic terms:

– “incompatible”;
– “Partially compatible”;
– “most consistent”;
– “Compatible”.
ISO / IEC15408 includes components 12, 9, 7, 5, 4, 3, 2, 

1. In this context, they can be divided into eight classes. Ele-
ments group hierarchy can be expressed in (Figure 1).
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Figure 1. The structure of information security evaluation criteria
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Figure 2. Hierarchy of relationships between informa‑
tion security elements

If linguistic terms are used in decision-making, the num-
ber of rules will be 412 + 49 + 47 + 45 + 44 + 43 + 42 + 4, 
which will take a long time to get information from experts. 
For this reason, it is expedient to use the methodology of the 
theory of nontraditional collections [2].

For this purpose, eight sets of rules are developed by ex-
perts according to the number of classes in the components:

– set of rules for components with one element;
– set of rules for components with two elements;
– set of rules for components with three elements;
– set of rules for components with four elements;
– set of rules for components with five elements;
– set of rules for components with seven elements;
– set of rules for components with nine elements;
– set of rules for components with twelve elements.
The set of rules is based on the non-conventional logic 

theory and is made by the Gaussian function.

The linguistic variables are denoted by the <X, T, U> 
triangles. Here is the name of the X-variable, the term-term 
package, each element (term) that appears in the universal 
collection as an unobtrusive set [3].

In this case, X = “Elemental Value”, T = {“Incompatible”, 
“Partially Compatible”, “Compatible”, “Compliant”, Y = [0.1].

Based on the capacities of the components, the set of rules 
is defined:

rule-1: if x11 and x12 and …  and x1n then у1;
rule-2: if x21 and x22 and …  and x2n then у1;
…
rule-1: if x11 and x12 and …  and x1n then у1;
rule- l+1: if xl+11 and xl+12 and … and xl+1n then у2;
rule- l+2: if xl+21 and xl+22 and …  and xl+2n then у2;
…
rule- m: if xm1 and xm2 and …  and xmn then у2;
rule- m+1: if xm+11 and xm+12 and … and xm+1n then у3;
rule-m+2: if xm+21 and xm+22 xm+22 and …  and xm+2n then у3;
…
rule- j: if xj1 and xj2 and …  and xjn then у3;
rule- j+1: if xj+11 and xj+12 and … and xj+1n then у4;
rule-j+2: if xj+21 and xm+22 xj+22 and …  and xj+2n then у4;
…
rule-k: if xk1 and xk2 and …  and xkn then у4;
The set of rules can be written as matrix:
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Here is n = {2,3,4,5,7,9,12}, 1<l<m<j<k.; If the elements 
of the elements are А={a1, a2,…, a2}, then the component 
value is determined by the Gaussian function.
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The maximum set of maximum limits for each round of 
rule sets is:

max1=max(min1, min2,…, minl);
max2=max(minl+1, minl+2,…, minr);
max3=max(minr+1, minr+2,…, minj);
max4=max(minj+1, minj+2,…, mink);

Component value is determined by the following for-
mula:

X
y max y max y max y max

max max max mcomponent =
+ + +

+ + +
1 1 2 2 3 3 4 4

1 2 3

* * * *
aax4

The hierarchical relationship of a component group can 
be expressed inFigure3.

Xfamily

... ... … ...

X3 

Xn-3
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Xn-1
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Xn

Figure 3. Hierarchy of relationships between informa‑
tion security elements

The following formula is based on family values.

X Hfamily
i

n

i i�=
=
∑

1

λ *

Xfamilyx– the value of the family of information security 
criteria,

λi  – i-component coefficient,
Xi   i-сomponent value collected from the elements.

Table 2. – The information security assessment model is presented

Class dimen-
sionality Rank Indicators 

number
Overall indicators

SOS J=1 DBMS J=2 LN J=3 COS J=4 SS J=5 DMS J=6
1 2 3 4 5 6 7 8 9
1 FCS 4 X1.1 X1.2 X1.3 X1.4 X1.5 X1.6
2 FTP 2 X2.1 X2.2 X2.3 X2.4 X2.5 X2.6
3 FIA 12 X3.1 X3.2 X3.3 X3.4 X3.5 X3.6
4 FPR 2 X4.1 X4.2 X4.3 X4.4 X4.5 X4.6
5 FDP 7 X5.1 X5.2 X5.3 X5.4 X5.5 X5.6
6 FAU 11 X6.1 X6.2 X6.3 X6.4 X6.5 X6.6
7 FMT 11 X7.1 X7.2 X7.3 X7.4 X7.5 X7.6
8 FPT 13 X8.1 X8.2 X8.3 X8.4 X8.5 X8.6
9 FRU 2 X9.1 X9.2 X9.3 X9.4 X9.5 X9.6

10 FTA 7 X10.1 X10.2 X10.3 X10.4 X10.5 X10.6

11 Reliability 
classes 18 – – – – – X11.6
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1 2 3 4 5 6 7 8 9
Xj line additive measures X1 X2 X3 X4 X5 X6

Oi Line importance O1 O2 O3 O4 O5 O6

Overall rating  Q O X
i

i i=
=
∑

1

6

*

Here
SOS – Server operating system
DBMS – Database management system
LN – Local network
COS – Client operating system
SS – Special software

DMS – Document management system
Q –  is object information security overall rating,Oi -i – is 

class efficiency coefficient, Xi - i is the class rateAs a result, the 
final assessment is in the range of [0.1], and the scale is de-
scribed in Table 3.16 below. Table 3.16

Table 3.

Interval estima-
tion, Q Ball estimation B Linguistic evaluation, L.

0.9–1.0 5 – excellent
The requirements are fully met. All connections to the security functionality 
have been reviewed and implemented. Security requirements are coordinated 
by interconnected information technologies and are shown in documents.

0.7–0.9 4 – good
The requirements are almost satisfied. All links to the security functionality 
have been reviewed and implemented, but the security requirements have not 
been documented in the compilation of information technologies.

0.5–0.7 3 –satisfactory
The basic requirements are satisfied. The basic requirements have been done; 
all the dependencies have not been taken into account and have not been 
completed.

0.3–0.5 2-unsatisfactory The requirements are not satisfactory. All the basic requirements were not met.

0–0.3 1–completely unsat-
isfactory

The requirements are generally not satisfactory. Most of the basic
requirements were not met.

4. Summary.
A method of formulating and assessing the criteria and 

indicators for internal evaluation of the organization’s security 
are produced.

The algorithm for forming information security criteria 
and indicators has been developed, taking into account the 
nature of the organization, the priorities of information se-
curity policy, components of information technology and 
information security.
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MOTION STABILITY WITHOUT LYAPUNOV FUNCTION

Abstract: The solutions of nonlinear differential equations system are asymptotically stable if the correspond-
ing solutions of the linear differential equations system are not only asymptotically stable, but also positive definite 
according to Bochner’s works from the theory of probability. In this case the corresponding perturb and unperturb 
motions have the same speed of propagation in space. It is possible to design a tracking system, which requires to a 
system of nonlinear differential equations have followed the system of the linear differential equations.

Keywords:
1. Introduction
Let the solutions of the linear differential equations (LDE) 

system be asymptotically stable in the interval [0, k], where k 
is the parameter of this system. In this paper it is proved that 
in the same interval the solutions of the nonlinear differential 
equations (NDE) system are asymptotically stable only when 
the solutions of the LDE system are positive definite accord-
ing to Bochner’s works on the theory of probability [1, p. 620]. 
This notion requires explanations (for details, see below), but 
for the time being we will explain its application. The real cor-
relation function K(τ) known in theory is positive definite 
in sense of Bochner and represents the harmonic oscillation 
cosωτ of all frequencies from the interval (–∞, ∞) averaged 
over the normalized spectral density V(ω):

K V d E( ) ( )cos cosτ ω ωτ ω ωτ= =
−∞

∞

∫  

where E is symbol of mathematical expectation.
It is not difficult to prove that the propagation velocity of 

the functions cosωτ under this integral is constant and equal 
to each other at all frequencies from (– ∞, ∞). If this function 
is an LDE solution, then these solutions are positive definite. 
But K(τ) can not be a solution of LDE in principle, since 
K(τ) = K(–τ). Therefore, the author obtained K(τ) using as-
ymptotically stable solutions of the second-order LDE. The 
prerequisite for its obtaining is property 3 of a positive definite 
function K K( ) ( )0 ≥ τ  from paragraph 2.

The more interesting this function is in the theory of mo-
tion stability, let us explain in (Figure 1.) Suppose that in an 
n-dimensional space we have a point N that describes the tra-
jectory I in the unperturbed motion and the trajectory II in 

the perturbed motion. Take on these trajectories two arbitrary 
points N1 and N2. The distance between these points corre-
sponding to the same instant of time can increase for close 
trajectories, as shown in (Figure 1).

Figure 1.

Obviously, this situation arises from the difference in the 
speeds of these points. The essence of the author’s discovery 
lies in the fact that the speeds of the points N 2  and N 2

'  in 
Figure 1 differ in LDE, and the way of measuring the speeds 
of these points is very simple: if you can obtain K(τ), there-
fore, the speeds are the same.

2. Positive definite function (according to Bochner)
Definition 1. A continuous complex-valued function K(τ) 

of a real argument τ is positive definite in the interval ∞ < τ < ∞, 
if for any real numbers τ1, τ2, …, τn, complex numbers 
ζ1, ζ2, …, ζn and integer n

K
k j

n

j k j k
,

( ) ,
=
∑ − ≥

1

0τ τ ζ ζ  K(τ)  0.

The author draws the reader’s attention that in Bochner’s 
definition no function K(τ)  0, since K( )τ ≡ 0  satisfies the 
inequality, and for any homogeneous linear differential equa-
tion this function is its trivial solution regardless of the char-
acteristic equation.
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We list some of the simplest properties of positive definite 
function.

1. K( ) .0 0≥  In fact, we set n = 1, τ1 = 0, ζ1 = 1; then from 
inequality we find

0 0
11

≤ − =
==
∑∑ K K
j

n

k

n

k j k j( ) ( ).τ τ ζ ζ

2. K K( ) ( )− =τ τ  for any real τ.
For the proof we set in the inequality n = 2, τ1 = 0, τ2 = τ, 

ζ1, ζ2 are arbitrary. We have

0 0 0

0 0

1

2

1

2

1 1

1 2 2 1

≤ − = + +

+ − + −

==
∑∑ K K

K K

jk
k j k j( ) ( )

( ) ( )

τ τ ζ ζ ζ ζ

τ ζ ζ τ ζ ζ ++ − =

= + + − +

K

K K K

( )

( )( ) ( ) ( ) ,

τ τ ζ ζ

ζ ζ τ ζ ζ τ ζ ζ
2 2

1

2

2

2

1 2 1 20

therefore value

K K( ) ( )− +τ ζ ζ τ ζ ζ1 2 1 2

must be real. Thus, if we put K i( ) ,− = +τ α β1 1  K i( ) ,τ α β= +2 2  
ζ ζ ν δ1 2 = + i ,  ζ ζ ν δ1 2 = − i ,

it should be α δ βν α δ β ν1 1 2 2 0+ − + = .

Since ζ1  and ζ 2  are arbitrary then δ  and ν  are arbitrary 
too. It should be

α α1 2 0− = ,  β β1 2 0+ = .

This implies our assertion.
3. K K( ) ( )0 ≥ τ  for any real τ.
In the inequality obtained above

K K K( )( ) ( ) ( )0 01

2

2

2

1 2 1ζ ζ τ ζ ζ τ ζ ζ+ + − + ≥

we put ζ τ1 = K( ), ζ τ2 = − K( ) .
Hence when K( )τ ≠ 0  we get K K( ) ( ).0 ≥ τ
If K( )τ = 0  then again, by property 1

K K( ) ( ).0 ≥ τ

From what has been proved it follows, incidentally, that if 
a positive definite function is such that K( )0 0=  then K( ) .τ ≡ 0

In order to solve uniquely, the trivial solution of which 
equation is positive definite, the author derivates a function
K AK( ) ( )'τ τ≡  that is positive definite for any A > 0, hence it 
is positive definite for A = 0.

For convenience of reading Bochner’s Lemma and Theo-
rem are listed below.

Lemma (Bochner). Let K(τ) be a bounded continuous 
(real-valued) function that is absolutely integrable over 
(–∞, ∞). Define V(ω) by V i K d( ) exp( ) ( ) .ω

π
ωτ τ τ= −

−∞

∞

∫
1

2
 In 

order that K(τ) be a characteristic function it is necessary and 
sufficient if K(0) = 1 and V(ω) ³≥ 0 for all ω.

Theorem (Bochner). A continuous function K(τ) is the 
characteristic function of a probability distribution iff it is 
positive definite and K(0) = 1.

Bochner’s results contain terminology from probability 
theory, so the reader should pay attention only to the condi-
tions when the function K(τ) is positive definite.

3. Statement of problem
Assume that:
1) we have a system oh homogeneous LDE

 d
dt

k
x

Ax b= + σ ,  σ = (c, x) (1)

with constant coefficients, in which A is square matrix nxn, b 
and c are given real vectors and in which when k∈(0, kmах) the 
solutions are asymptotically stable;

2) frequency characteristic of the system with σin = kσ and 
σout = –σ is given as

W i i
M i
N i

( ) '( )
( )
( )

ω ω
ω
ω

= − =−c A E b1 ,

where N(p) and M(p) are polynomials in p, of degree n and 
m, respectively (n > m, n ≥ 2 ), do not have common roots;

3) 1
k

W i
*

Re ( *)= ω  is furthest point to the right from 

origin, which W(iω*) at the frequency ω = ω* crosses moving 
to another quadrant;

4) point k kcr = *  can be placed anywhere in the open 
interval ( , )max0 k .

Then the trivial solution of the system (1) is positive 
definite in the interval [ , ).0 kcr

Example. Let us consider an example that proves the ex-
istence of systems of type (1):

 

dx
dt

c f x x kx

dx
dt

x x

dx
dt

cx bkx

1
1 2 1

2
1 3

3
1 1

= − + + −

= − +

= − +















( )

 (2)

where b > 0, c > 0, f > 0, and options b and c
will be assumed to be given and f we define later using b and c.

Make х1 = σ and with х2 and х3 eliminated we have the 
following equation
d
dt

c f
d
dt

d
dt

c k
d
dt

b
3

3

2

2

2

2 0
σ σ σ

σ
σ

σ+ +( ) + + + −








 = .(3)

A characteristic equation associated with (3) has the form 
p c f p p c k p b3 2 2 0+ +( ) + + + −( ) = .

When k = 0 in equation p c f p p c3 2 0+ +( ) + + = ,
as is easily verified, the real parts of all three roots are negative, 
ie for k = 0 the solutions of (3) are asymptotically stable. We 
determine the value of k = kmax so that these solutions were 
asymptotically stable, which use frequency Nyquist stability 
criterion. The frequency response of the input kσ to the output 
–σ in our case has the form

 W i
a

c id
( )

( )
( ) ( )

,ω
ω

ω ω
=

+
 (4)
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where a b( ) ( ),ω ω= − +2  c c c f( ) ( ) ,ω ω= − + 2  d( ) ( )ω ω ω= −1 2 , 

Re ( )
( ) ( )

( ) ( )
W i

a c
c d

ω
ω ω
ω ω

=
+2 2

, Im ( )
( ) ( )

( ) ( )
W i

a d
c d

ω
ω ω
ω ω

= −
+2 2

.

The roots of the equation d( ) ( )ω ω ω= − =1 02

are equal ω1 = 0, ω2,3 = ± 1.
From (4) we find

ReW(i )  ω
ω
ωω ω= == = −0 01

a
c

b
c

( )
( )

,

ie interval in which the solutions are asymptotically stable is 
equal to [ , / ).0 c b  Note with k c bmax /=  in the characteristic 
equation

p c f p p c
c
b

p b p

c f
c
b

p p p p c f
c
b

3 2 2 3

2 2

+ +( ) + + + −( ) = +

+ + +





 + = + + +






 +









 =p 1 0

regardless of the value f we have zero root, ie parameter f > 0 
does not affect the interval [ , / ).0 c b  When ω2,3 = ± 1 frequen-
cy response crosses the positive real point:

ReW(i )  ω
ω
ω

ω
ω

ω
ω

ω

2 3

2 3

2 3

1
1

2

2
1

,

,

,

( )
( )

( )
( )

=±
=±

=±

= =

=
− +
− +

=

=

a
c

b
c c f

−− +
−

=
+

=
( )

*
1 1 1b

f
b

f k

.

The value kcr  in (3) is chosen from the equality obtained 
above by replacing k * by kcr :

1 1+
=

b
f kcr

.

kcr only affects the value of the parameter f, which, as already 
noted above, does not affect the interval [ , / ),0 c b  ie choice kcr 
satisfies claim 4 in the formulation of the problem.

4. Auxiliary offers
The derivation of the functions Ki(τ) (i = 1, 2, 3) is pro-

vided below in Lemma using the solutions of a LDE.
Lemma. Suppose we have a differential equation with con-

stant coefficients
d
dt

y
Ay= ,

whose solutions are asymptotically stable. Consider particular 
solution yi(t) of this equation, which is defined by:

a) a pair of complex conjugate roots when i = 1,
b) a pair of different real roots when i = 2,
c) one real root double multiplicity when i = 3

with initial conditions

y ti t
( )

=
=

0
1 , 

dy t
dt

i

t

( )

=

=
0

0 .

Then the function Ki(τ), identically equal to yi(t) with t > 0 
and evenly extended yi(t) to t < 0, is positive definite for all 
i = 1, 2, 3.

Proof. Let us take up solutions yi(t) with various values of i.

1. With i = 1 the solution y1(t) is defined by complex-
conjugate roots ρ χ λ1 2, := − ± i

y t A t B t t1 1 1( ) ( cos sin )exp( )= + −λ λ χ .
For the initial conditions specified in the lemma, we have:

y t t t t1( ) (cos sin )exp( )= + −λ
χ
λ

λ χ .
Reflect this y1(t) mirror-like to the axis t < 0 and denote 

y t y t1 1
*( ) ( )= − . We will obtain function

K t y t1 1( ) ( )≡ with t > 0, K t y t1 1
( ) ( )*≡  with t < 0.

A Fourier transform of the even function K1(τ) is equal to

2 1 1

1 1

π ω τ ωτ τ

ω

V i K i d

y t i t dt y t

( ) ( )exp( )

( )exp( ) ( )exp(*

= − =

= − +

−∞

∞

∫

−− =
∞

−∞
∫∫ i t dtω )
0

0

= − + − =

=

∞ ∞

∞

∫ ∫

∫

y s i s ds y t i t dt

y t i t

1
0

1
0

1
0

*( )exp( ) ( )exp( )

( )exp(

ω ω

ω )) ( )exp( ) .dt y t i t dt+ −
∞

∫ 1
0

ω

Note that the integrals in V1(iω) are different in the mul-
tiplier exp( )±i tω  and so their sum is real-valued function. It 
possible to present the Fourier transform of the function 
K1(τ) in the form

V K i d

c t t t

1 1

0

1
2

1

( ) ( )exp( )

( os sin )exp(

ω
π

τ ωτ τ

π
λ

χ
λ

λ χ

= − =

= + −

−∞

∞

∞

∫

∫ ))cos .ωtdt

.

Calculating the V1(ω), we get

V1

2 2

2 2 2 2

2
0( )

( )
[ ( ) ][ ( ) ]

ω
χ χ λ

π χ λ ω χ λ ω
=

+
+ + + −

≥

for all – ∞ < ω < ∞.
2. With i = 2 the solution y2(t) is defined by two different real 
roots ρ1 = –χ1 and ρ

2
 = –χ

2 (χ
2 > χ

1
):

y t A t B t2 2 1 2 2( ) exp( ) exp( ).= − + −χ χ

Given the initial conditions rewrite it as

y2(t) = 
χ

χ χ
2

2 1( )−
 [exp(–χ1t) −

χ
χ

1

2

exp(–χ2t)].

In this case, too, an even function K2(t) may be obtained 
in the form
K t y t2 2( ) ( )=  with t > 0, K t y t y t2 2 2( ) ( ) ( )*= − =  with t < 0.

A Fourier transform

V K d

t

2 2
0

2

2 10
1

1

2

1
2

1

( ) ( )cos

exp( ) exp(

ω
π

τ ωτ τ

π
χ

χ χ
χ

χ
χ

χ

= =

=
−

− − −

∞

∞

∫

∫ 22t tdt) cos .








 ω

Calculating the V2(ω), we get

V2
1 2 1 2

1
2 2

2
2 2 0( )

( )
( )( )

ω
χ χ χ χ

π χ ω χ ω
=

+
+ +

≥



MOTION STABILITY WITHOUT LYAPUNOV FUNCTION

97

for all –∞ < ω < ∞.
3. With i = 3 the solution y3(t) is defined by one real dou-

ble multiplicity root ρ1 = ρ2 = –χ:
y t A t B t t3 3 3( ) exp( ) exp( ),= − + −χ χ

that considering the initial conditions can be rewritten as
y t t t t3( ) exp( ) exp( ).= − + −χ χ χ

In this case too an even function K3(t) may be obtained in 
line with the above rule. A Fourier transform of the function 
K 3(t) is equal to

V K i d

exp t tdt tex

3 3

0

1
2

1 1

( ) ( )exp( )

( )cos

ω
π

τ ωτ τ

π
χ ω

π
χ

= − =

= − +

−∞

∞

∞

∫

∫
00

∞

∫ −p t tdt( )cos .χ ω

Calculating the V3(ω), we get

V3

3

2 2 2

2
0( )

( )
ω

χ
π χ ω

=
+

≥  for all –∞ < ω < ∞.

Because Ki(τ) is a continuous function and

K di ( )τ τ
−∞

∞

∫ < ∞ ,

Ki(τ), is known to be represented as a Fourier integral

 K i V d V di i i( ) exp( ) ( ) cos ( ) .τ ωτ ω ω ωτ ω ω= =
−∞

∞ ∞

∫ ∫2
0

 (5)

In line with Bochner the function Ki(τ) is positive definite 
for all i =1, 2, 3.

Lemma is proved
Corollary 1. With the function Ki(τ) of the lemma we can 

derive a function Ki
'( )τ  so that the coefficient Ai remained 

free, ie
K A Ki i i( ) ( )'τ τ=  (i =1, 2, 3).

Proof.
1. Consider the function

y t t
B
A

t t1
1

1

' ( ) (cos sin )exp( )= + −λ λ χ ,

The first initial condition for y t1
' ( )  and y1(t) is the same: 

y y1 10 0 1' ( ) ( )= = . From the condition
dy t

dt
dy t

dt
t t

1

0

1

0

0
' ( ) ( )

,
= =

= =

we get B
A

1

1

=
χ
λ

,  ie y t A y t1 1 1( ) ( ).'=  We can obtain K t y t1 1
' '( ) ( )≡  

for t > 0, K t y t1 1
' '( ) ( )≡ −  for t < 0, whence K A K1 1 1( ) ( )'τ τ= .

2. Consider the function

y t t
B
A

t2
2

2 1
1

2

2
2

' ( )
( )

exp( ) exp( )=
−

− + −










χ
χ χ

χ χ .

From the condition

y y
B
A2 2

2

2 1

2

2

0 1 0 1( ) ( )'= = =
−( )

+










χ
χ χ

,

we get 
B
A

2

2

1

2

= −
χ
χ

. But then dy t
dt

t

2

0

0
' ( )

,
=

=

ie y t A y t2 2 2( ) ( ).'= We can obtain K t y t2 2
' '( ) ( )≡  for t > 0, 

K t y t2 2
' '( ) ( )≡ −  for t < 0, consequently K A K2 2 2( ) ( )'τ τ= .

3. Consider the function

y t t
B
A

t t3
3

3

' ( ) exp( ) exp( )= − + −χ χ

Both initial conditions of y3(t) and y t3
' ( )  are the same, so 

y t A y t3 3 3( ) ( )'= . We can obtain K t y t3 3
' '( ) ( )≡  for t > 0, 

K t A K t3 3 3( ) ( )'≡  for t < 0, consequently K A K3 3 3( ) ( )'τ τ= .
Corollary 1 is proved.
In function (5) we can expand the limits of integration, 

because Vi(ω) = Vi(–ω):

 K V di i( ) cos ( ) .τ ωτ ω ω=
−∞

∞

∫  (6)

Putting τ = 0 in (6), we get

K V di i( ) ( ) ,0 1= =
−∞

∞

∫ ω ω

ie Vi(ω) in (6) is a normalized spectral density.
The function Ki(τ) for i =1, 2, 3 satisfies Khinchin theo-

rem [2]: if the function has the form

K i d( ) exp( ) ( )τ ωτ ω=
−∞

∞

∫ V

it is necessary and sufficient that it was the correlation func-
tion of a stationary random process ξ(t).

In our case V( )ω  is differentiable function so Ki(τ) for all 
i has the form (6). From Khinchin theorem we get that τ is a 
time interval between the sections of ξ(t) at arbitrary times t1 
and t2:

 τ = t1 – t2. (7)
Mathematics for τ makes one requirement: it should vary 

in the interval (–∞, ∞).
Сorollary 2. The propagation velocity of the oscillations 

cosωτ in the function Ki(τ) at all frequencies from the interval 
(– ∞, ∞) is equal to each other and equal c = const.

Proof. The function Ki(τ) from (6) can be represented as

K V d Ei i i( ) cos ( ) cos ,τ ωτ ω ω ωτ= =
−∞

∞

∫
where Ei is the mathematical expectation cosωτ that has spec-
tral density Vi(ω).
We make in (6) the change of integration variable ω βω' ,=  
( ) :β ≠ 0

K V d

V

i i

i

( ) cos

cos

τ ωτ ω ω

β
βω

τ
β

βω
β

= ( ) =

= ( )






















−∞

∞

−∞

∞

∫

∫
1





 =

=






























−∞

∞

∫

d

V di

( )

cos '
'

'.

βω

β
ω

τ
β

ω
β

ω
1

Putting in this integral τ = 0:
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K V d V di i i( )
'

' ( ') ',0 1
1

= =








 =

−∞

∞

−∞

∞

∫ ∫β
ω
β

ω ω ω

ie we got another normalized spectral density

 V Vi i( ')
'

.ω
β

ω
β

=










1
 (8)

Therefore

 
K V d

V d K

i i

i i

( ) cos ( )

cos ' ' ( ') ' ( '),*

τ ωτ ω ω

ω τ ω ω τ

= =

= =

−∞

∞

−∞

∞

∫

∫
 (9)

(i = 1, 2, 3),
where

ωτ βω τ β ω τ= ( )( ) =/ ' ', ω βω' ,= τ τ β' / .=
Note that the equality ωτ ω τ= ' ' implies that

cos cos ' 'ωτ ω τ=
ie function cosωτ moves sliding on the abscissa from point τ 
to point τ τ' ≠  at a constant ordinate.

In the coordinate systems (у,τ ) and (у, τ ' ) the functions
y = cosωτ  and y = cos ' 'ω τ  have different scale on the hori-
zontal axis. We can investigate time τ '  and its relation to the 
time t. When β = 1 we have τ ≡ t  and it follows from the 
lemma. Now let β ≠ 1 . Obviously, we obtain

τ τ β β' / /≡ ≡ t ,
ie time t be compared with t/β. It becomes obvious that when 
β < 1 time t/β (or τ τ β' /= ) moves faster t: the axis τ '  is 
stretched. If β > 1, on the contrary, the time t/β (or τ ' ) moves 
more slowly t: the axis τ '  is compressed.

Let us now consider the propagation velocity of cosωτ. 
This velocity, as is known, is determined by the formula

 c
t t

=
−
λ

2 1

,  (10)

where λ is the distance between the two closest points cosωτ, 
which have the same phase of the oscillation, (t t2 1− ) is the 
interval of time during which cosωτ passes this λ.

The function Ki(τ) slides along the abscissa, without 
changing the value of its ordinate. Assume that the velocity 
of cosωt is equal to c. Because cos cosω ωτt ≡  the propaga-
tion velocity of cos ' 'ω τ  when β ≠ 1  we can consider rela-
tively cosωτ. The change of frequency in cos ' 'ω τ  in the β 
times leads to a change in β times λ λ β' /=  (ω is inversely 
proportional to λ). Functions c os ' 'ω τ  and cosωτ pass dif-
ferent distances, since λ λ≠ ',  however velocity remains 
unchanged because abscissa is stretched or compressed but 
ω τ ωτ' ' .=  Due to the arbitrariness of β > 0 this equality 
take place for any β > 0, therefore it is also true for limiting 
values of β = 0  and β = ±∞.  Thus, this velocity remains 
unchanged and equal to c at all frequencies from the inter-
val (– ∞, ∞).

Corollary 2 is proved.
5. Example of a nonlinear differential equations sys-

tem whose solutions are asymptotically stable
Consider spaces of deviations хi (i = 1, 2, …, n) and origi-

nal variables yi (i = 1, 2, …, n) systems (11) and (14) which 
are given below.

The set of variables of the system (11) forms a point N, 
and the set of the system (14) forms the point L. Let the points 
L and N describe the trajectory I in the unperturbed and the 
trajectory II in the perturbed motions of these systems.

Figure 2.

We take on these trajectories any two points L and L '  (see 
Figure 2, a), N and N ',  (see Figure 2, b) at coinciding time t 
and introduce the next

Definition 2. The velocities unperturbed and perturbed 
motions in (11) and (14) are equal to each other when the 
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velocities of the points N, N ',  L and L '  at coinciding time t 
equal to each other on the (Figure 2).

Theorem. Let there are given:
1. system of nonlinear differential equations with constant 

coefficients

 d
dt

x
Ax b= + ϕ σ( ),  (11)

where A is square matrix nxn elements of which are constant 
real numbers, b and с are given real vectors, σ = ( , )c x  is scalar 
product of с and х, the function φ(σ) is an arbitrary, single-
valued, piecewise continuous function, defined for all real 
values   of σ, satisfying the condition φ(0) = 0 and

 0 2≤ ≤σϕ σ σ( ) k , (12)
where k is a parameter;

2. frequency characteristic of the linear part of (11) from 
the input φ(σ) to the output –σ is given as

 W i A i
M i
N i

( ) '( )
( )
( )

ω ω
ω
ω

= − =−c E b1 , (13)

where N(p) and M(p) are polynomials in p, of degree n and 
m, respectively (n > m, n ≥ 2 ), do not have common roots and 

at the frequency ω = ω* crosses furthest point 
1

k *
 to the right 

from origin, moving to another quadrant;
3. solutions of linear differential system

 
d
dt

k
x

Ax b= + σ ,  (14)

obtained from (11) after replacing φ(σ) on kσ, asymptotically 
stable when k km∈[ , )0 , where k k km cr> =* .

Then the solutions of the nonlinear differential system 
(11) are asymptotically stable in the interval [ , )0 kcr iff the ve-
locities of the perturbed and unperturbed motions in (11) 
and (14) at coinciding time t are equal to each other, ie the 
speeds of the points L '  and N '  on the Figure 2 at coinciding 
time t equal to each other.

Proof.
Necessity. Let the solutions of system (11) are asymp-

totically stable, therefore, then the solutions of system (14) 
are asymptotically stable. If eliminating from (14) all variables 
except σ and kσ ,  we get the equation

 N p kM p( ) ( )σ σ+ = 0 . (15)
We choose in (15) a value of k < kcr. As n ≥ 2  and for that 

k all solutions of this linear equation are asymptotically stable 
there is at least one pair of roots, which can be used to derive 
an even function according to Lemma

 K V di i( ) ( )cosτ ω ωτ ω=
∞

∫2
0

 (– ∞ < τ < ∞) (16)

Type the pair of roots shows the index of that in (16) is 
not specified, but from what follows it will be seen that the 
specification is not necessary. Note that in (16), the function 

Vi(ω) (i = 1, 2, 3) according to Lemma is continuous for any 
value of ω.

Now we choose in (14) the value of k k kcr= =* . Accord-
ing to the above, on the one side, we again can get a function of 
the type of (16), since all solutions of this equation are asymp-
totically stable. However, on the other side, in the equation

N p kM p( ) ( )σ σ− = 0 ,
which has nothing to (15), according to the conditions of the 
theorem for k = k* at the frequency ω = ω * holds oscillatory 
process

N p t k M p t( )cos * * ( )cos *ω ω− ≡ 0 .
In our equation (15) for k kcr = *  we have an identity

 N p t k M p tcr( )cos( * ) ( )cos *ω π ω− + ≡ 0 , (17)
when cos *ω t  and cos( * )ω πt −  oscillate in opposite phase 
(amplitudes have different sign).

In equation (15) for k = kcr according to (17) there was a 
frequency ω = ω* with a probability equal to unity. It means 
that continuous spectral density Vi(ω) turns into a δ-function 
at this frequency:

 
K V d

d

i i( ) ( )cos

( *)cos cos * .

τ ω ωτ ω

δ ω ω ωτ ω ω τ

= =

= − =

−∞

∞

−∞

∞

∫

∫
 (18)

The Bochner conditions of absolutely integrability of 
function Ki(τ) has been broken, ie we can obtain Ki(τ) in the 
interval [ , )0 kcr . The system (14) describes the perturbed mo-
tion of linear differential system, the roots of the characteristic 
equation have negative real parts according to the theorem. 
Therefore, it is possible to obtain a function K A Ki i i( ) ( )'τ τ=  
according to corollary 1 of lemma and Ki(τ) is positive definite 
for any Ai > 0  according to lemma itself, so it is positive defi-
nite too when Ai = 0 . It means that the all solutions of linear 
differential system (14) are positive definite in interval [ , )0 kcr . 
According to Corollary 2 the propagation velocity cosωτ in 
function A Ki i

'( )τ  is constant at all frequencies from (– ∞, ∞) 
for Ai > 0, therefore this velocity is constant for Ai = 0 in the – 
∞ < τ < ∞ and much less in the interval [0, ∞) of the time t, 
since we haveτ ≡ t . Consequently, in the linear system (14), 
the velocities of the points L and L in (Figure 1); a) at coincid-
ing times t are equal to each other.

According to the theorem, the solutions of systems (11) 
and (14) are asymptotically stable in the same interval, there-
fore the trivial solution of system (11) is also positive definite. 
This trivial solution described unperturbed motion in (11), so 
the velocity of points L and N in (Fig. 2а) and 2b in coinciding 
times t equal to each other.

Solutions of (11) is asymptotically stable, then the ve-
locities of the perturbed and unperturbed motions in this 
system in coinciding times equal to each other, since other-
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wise the distance between the motions would increase with-
out limit. Therefore, the velocity of points N and N '  in coin-
ciding times t equal to each other in (Figure 1b).

Necessity of the theorem conditions is proved.
Sufficiency. Velocities of perturbed relatively unperturbed 

motions in the linear system (14) according to the necessary 
condition of Theorem are constant and equal to each other in 
coinciding time t. This implies that points L and L ' fixed rela-
tive to one another in coinciding time t (see Figure 2a).

Velocities of unperturbed motions in the linear system 
(14) and nonlinear system (11) according to the necessary 
condition of Theorem are constant and equal to each other 
in coinciding time t. This implies that points L and N in 
coinciding time t fixed relative to one another (see Figure 
2a and 2b).

Velocities of perturbed motion relatively unperturbed mo-
tion in the nonlinear system (11) according to the necessary 
condition of Theorem are constant and equal to each other in 
coinciding time t. This implies that points N and N '  in coincid-
ing time t fixed relative to one another (see Figure 2b).

But then the perturbed motion in the linear system (11) 
and a non-linear system (14) at the same t relative to each 

other are fixed, ie, points L '  in (Figure 2a) and N '  in 
(Figure 2b) are fixed relative to each other.

Solutions in the linear system (14) tend to zero as it tend 
to zero initial conditions, ie point L '  tends to zero. The points 
L '  and N '  in coinciding time t in fixed relative to one an-
other, so point N '  also tends to zero. It follows immediately 
that the trivial solution x( )0 0= of the nonlinear system (11) 
is stable in the sense of Lyapunov. That is one side.

The other side, the solutions of linear system (11) tend to 
zero when t tends to infinity, ie point L '  tends to zero. The 
points N '  и  L '  in coinciding time t fixed relative to one an-
other, ie in system (11) we have:

lim ( ) .
t

t
→∞

=x 0

The theorem is proved.
6. Conclusion
1. The solutions of a nonlinear differential equations sys-

tem are asymptotically stable in the Hurwitz interval of a lin-
ear differential equations system iff all solutions of this linear 
system are positive definite.

2. In the theory of motion stability theory it is introduced 
the notion of function that is positive definite by Bochner.
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FORMALIZATION OF QUALITY IMPROVING TASK FOR GOODS 
OF CUSTOMS CONTROL

Abstract: The task is formulated to improve the quality of customs control of goods transported by rail, as a 
multicriteria optimization problem, number of restrictions on variable parameters are introduced, as the objective 
function, minimization of total costs is chosen, i. e. Waiting time for the customs post to make a decision on the re-
lease of goods, as well as minimizing the total labor of inspectors at a given time interval for the functioning of the 
customs post.

Keywords: customs post, cargo control, customs inspector, declaration of goods.
1. Introduction
The tasks of improving the quality of customs services by 

improving the load management of the customs inspector are 
an initial step in the process of developing the information-
logical model of the system. The next stage involves the con-
struction of a mathematical model.

In view of the contradictory nature of the task of improv-
ing the quality of customs services and the need to find a bal-
ance between the requirements of the state and the inspectors 
of customs services, it is the task of multicriteria optimization.

Figure1. Steps to solve the task of improving the qual‑
ity of customs control of goods

2. Methods
For a detailed discussion, we introduce the following vari-

ables: n – the number of customs inspectors of the i th group, 
which started working in the j th time interval of the customs 
post, people; Tsis'2  – Processing time for goods declarations 
(DT), including the waiting time for DTs in the queue for 
registration and customs control, hour [1–3]. The variable is 
an integer nij

'  and takes values belonging to the set of positive 
integers (1)

d n n n n Nij ij ij i≥ ≥ ≤ ∈0 0, , ,' ' ' ,

 1≤ ≤ ∈n N n Ni i , . (1)
The variable Tsis'2  is continuous, taking the values of 

positive real numbers (2)
Tsis Tque' , ,> ≥0 0

 Tserv Tsis Tque Tserv R> ∈0, , , .'  (2)

It should be noted that the inspectors of the customs 
clearance department are divided into I groups to account 
for qualifications and average labor productivity, depending 
on work experience. The level of experience corresponds to 
the position. There are three positions in the customs inspec-
tion and customs control department of customs posts: State 
Customs Inspector (hereinafter – SCI), Senior State Customs 
Inspector (hereinafter – SSCI), Chief State Customs Inspector 
(hereinafter – CSCI). The highest post of CSCI corresponds 
to the most experienced civil servants performing customs 
operations.

Mathematical formulation of the research problem in-
cludes two objective functions

 R Tsishj
j

J

h

H

hj∑∑ →' min  (3)

 d nij
i

I

j

J

ij∑∑ →' min  (4)

and system constraints [4]
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 0 ″ ″s S  (11)
t j h h H j J< < = =, , , ,1 1

i I z Z= =1 1, , , , ,
 y N m J j m J= = < + <1 1 1, , , ,  (12)

where I – the number of groups of inspectors, pieces;
J – the number of time intervals of the unchanged quan-

titative and qualitative composition of the shift, divided by 
the working day, pcs .;

H – the number of time intervals divided by the period of 
work of the post, pcs .;

R – costs of participants in foreign trade activities related 
to the expected release of goods, rubles per hour;

Tsis’ is the service time of the DT, which includes the wait-
ing time for the DT in the registration queue and customs 
control, hour;

Tserv – the time required for the release of goods, hours;
Tque – time limiting the stay of the DT in the queue for 

registration, hour.;
T1 – maximum time of stay of DT in the queue;
T2 – the maximum period for the release of goods;
dij  – the duration of the work of the inspectors of the ith 

group, who started working at the jth time interval of the cus-
toms post, hour;

n ij
'  – number of inspectors of the ith group, who started 

working in the jth time interval of the customs post, people;
ni – number of inspectors of the ith group, people;
ni

y  – the y-th inspectors of the yth group;
Ni – the total number of inspectors of the ith group, people;
qij  – marginal productivity of labor of inspectors of the ith 

group, who started working in the jth time interval of the cus-
toms post, pcs / h .;

z – the category of complexity of DT;
Z – total number of categories of complexity of DT, pcs .;
Vjz  – the current amount of work (the number of regis-

tered DTs of z-categories of complexity) in the jth interval of 
the work time of the post, pcs .;

Vjz
'  – the planned amount of work in the jth time interval 

of the work of the post, pcs .;
kjz  – coefficient of complexity of DT of zth category of 

complexity of DT;
Fjz  – the intensity of arrival of the AT in the jth interval of 

the work time of the post, where F = f (j, t), where t is a small-
er time interval than j;

M – total number of workplaces, pieces;
M j

'  – the number of employed jobs in the jth interval of 
the work time of the post, pcs .;

L – maximum duration of work of each inspector during 
the period of the work of the post, hour;

ci  – the tariff rate of the ith group of inspectors per hour, sum;

C – the maximum wage fund for the period of the customs 
post, sum;

Sj
ni

y

 – preference of the yth inspectors of the jth group to 
work in the jth time interval of the customs post;;

S – the maximum level of preference for inspectors to 
work in the jth time interval of the customs post [5-7].

The first objective function (3) determines the total costs 
of participants in external economic activities as a result of 
the expectation of a customs post decision to release goods 
that must be minimized. This function (3) reflects the im-
portant direction of assessing the quality of customs services, 
expressed in the economy and efficiency of customs control. 
As the second objective function (4), the total labor of in-
spectors is taken at a given time interval for the functioning 
of the customs post. Function (4) reflects the second impor-
tant direction of assessing the quality of customs services, 
expressed in cost-effective customs control. Function (4) 
should be minimized, based on the requirement to save costs 
for the provision of customs services due to more rational use 
of resources. Minimization of both functions should lead to an 
improvement in the quality of customs services [8].

The balance equation (5), which is part of the system of 
constraints of the problem, is aimed at observing the process-
ing condition of the total number of DTs of different labor 
intensity, taking into account the variable intensity of the 
product flow. In this case, the expression

J Z

jz jz
j z

V K∑∑
reflects the number of registered DTs of different complexity 
categories z in the jth time interval of the customs post,

'
J Z

jz jz jz
j z

V K F∑∑
– the number of DTs of different complexity categories, 

whose delivery is expected in the jth time interval of the cus-
toms post with the intensity specified by the defined probabil-
ity density function F jz .

The sum of these values   reflects the total amount of work 
that must be performed by the inspectors of the department 
of registration. This volume should correspond to the amount

'
J J

ij ij ij
j i

q d n∑∑
that determines the total marginal productivity of inspectors’ 
work qij , the number of which is equal nij

'
, and the time of 

work dij . It is necessary to pay attention that the functions (6), 
which are part of the balance equation, are nonlinear and are 
schematically represented in (Figures 1–3) [9].

The task also takes into account the following limitations: 
the maximum wage fund, the norms of labor legislation limit-
ing the maximum duration of working time, the total number 
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of inspectors, the number of equipped workplaces, the prefer-
ences of inspectors for work in a particular time interval, the 
customs legislation limiting the maximum period of registra-
tion of DT and the release of goods.

The time of waiting for the participants in foreign trade 
activities consists of the time the DV is in the queue for the 
registration and the time the DV is in the registration.

The above formulas are introduced based on the physical 
meaning of the quantities. The expression t <j<h shows that 

the task uses three different lengths of time, depending on the 
need to observe certain real conditions for the functioning of 
the customs post [10–11].

3. Results
The laws of distribution of functions in Figures 1 to 3 were 

obtained empirically, based on statistical data on the process 
of performing customs operations and exercising customs 
control by the customs posts of the Keles district of Tashkent 
region, Uzbekistan.

Figure 2. Graphs of functions of marginal labor productivity of customs inspectors of different groups of posts, 
depending on the category of complexity of declarations for goods, q f i z= ( , )

Figure 3. Graphs of probability density function of the distribution of time intervals between consecutive receipts 
of goods declarations F f j t= ( , )
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Figure 4. Schedule of distribution of the total number of declarations for goods during the working day, 
V f j z' ( , )=

4. Conclusion
The above mathematical statement of the problem of im-

proving the quality of customs services provided by customs 
posts, by improving the management of inspectors’ workload 
and the characteristics of its basic components, reveals the 
significant complexity of the task. Non-linear objective func-
tions, different types of variables (integer and continuous), 
and the nature of constraints (linear and nonlinear) of the 

multicriterial problem posed make it impossible to assign it 
to one of the classes of optimization problems.
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PAPER WITH ADDITION OF LICORICE CELLULOSE

Abstract: This study examines the possibility of using paper based on lint cellulose with addition of licorice 
cellulose for printing. The physical, mechanical and printing characteristics of paper, were studied towards this end.

Keywords: Quality, Printing, Paper, Cellulose, Optical Density, Ink Trapping.
1. Introduction
Paper printability, is determined by printing properties, 

which are characterized by optical characteristics of a printed 
copy National Standard [NSt 13–299–87].

The problem of studying the degree of influence on 
printing characteristics of used paper raw materials and 
process parameters of its production are examined in the 
system «Paper machine – Paper – Ink– Printing machine – 

Printed copy» (Fig.1.). In the given system for research the 
output, resulting parameters are quality indices of printed 
copies, and the input (factor) – initial raw materials for paper 
production.

The use of lint cellulose in cellulose-paper industry of Uz-
bekistan Republic, the country of limited timber resources, 
provides the possibility of producing different paper types 
with high saturating capacity and chemical uniformity.

Figure 1. System approach to control paper‑printing characteristics

As initial raw material, the cotton cellulose was used 
for paper production with given printing characteristics. It 
is produced from cotton lint (Uzbekistan) with cellulose 
addition of waste licorice root, which is unfit for use on 
direct application. However, after appropriate treatment, 

they can be used as raw materials for paper production in 
accordance with the developed technology. In the work, 
the study has been made of influence regularities with lic-
orice cellulose addition on printed copy optical density, 
printing quality.
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2. Methods
For sheet formation it has been received a cellulose 

from licorice root waste according to the developed method 
under different conditions [17]. To calculate paper density, 
we used the mass values of square meter and paper thickness 
and defined it according to NSt 13199–67. The paper ash 
content was determined in accordance with NSt 7629–77. 
Paper sponginess, medium size of voids, degree of sizing, 
smoothness on the Bekka gauge have been determined ac-
cording to description shown in [18]. The fastness has been 
determined according to NSt 13199–67. The paper printing 
characteritics with addition of licorice cellulose: ink accep-

tance and printing through, bonding paper strength and ink 
trapping have been determined according to methods [19].

3. Results and discussion
In different kinds of raw material the content of сеllulose 

is within 40–60%, in straw footstalks – 30–35%, cotton fibers 
contain 90–95% of cellulose. According to indices of cellu-
lose from licorice root waste it is shown that licorice contains 
85% of cellulose, i. e. it is quite suitable for paper production.

The use of licorice cellulose in cellulose-paper industry 
will solve the problem concerning not only raw materials but 
the ecology at the same time due to utilization of licorice 
root waste and use of hydrogen peroxide instead of carcino-
genic sodium hypochlorite.

Table1. – paper characteristic based on cotton and licorice cellulose

Name of indices
Paper by Ratio of Cotton Cellulose: Licorice Cellulose

10: 0 10: 1 10: 2 10: 3 10: 4 10: 5
№ 1 № 2 № 3 № 4 № 5 № 6

Weight of one square meter (g) 81.0 85.0 84.0 87.0 82.0 84.0
Тhickness (mm) 0.099 0.100 0.095 0.080 0.101 0.096
Humidity (%) 4.40 6.00 4.50 4.41 4.62 4.50
Sponginess (%) 45.9 42.7 42.9 40.5 46.3 42.1
Sizing (mm) 0.25 0.25 0.25 0.25 0.25 0.25
Medium size of voids (μ) 0.044 0.024 0.031 0.030 0.041 0.033
Density (g/sm3) 0.82 0.86 0.88 0.89 0.84 0.87
Bulkiness (sm3/g) 1.21 1.16 1.14 1.12 1.19 1.15
Roughness (mL/min) Felt side 362 350 340 340 330 315
Roughness (mL/min) Wire side 631 618 600 594 581 580
Tearing strength (mN) 400 412 438 457 472 486
Breakdown force (N/15 mm) 85 80 76 72 65 59
Stretch at breaking point (%) 2.8 2.6 2.5 2.4 2.1 2.1

The optimum amount of water (from 4.4–6%) in the pa-
per will provide printing process without complications. Short 
weight of cellulose licorice filled mesh cell of the long fibers, 

which is confirmed by the values of sponginess. By medium 
size of voids of the paper have a microstructure (0.01–0.05 mi-
crons). Research roughness showed that matte paper.

Figure 2. Diagram of changing whiteness and opacity from percentage ratio of added licorice cellulose
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The analysis of paper properties (Table 1) containing 
licorice and cotton cellulose reaffirms the possibility of using 
cellulose as additive into paper composition.

According to the research of the results of paper whiteness 
and opacity (Fig. 2) which define paper printing properties, it 

is possible to conclude that the research paper is fit for printing 
of single-color outputs.

To conclude, the addition of licorice cellulose into paper 
composition results in increase of smoothness, mechanical 
strength by 15%, decrease of sponginess by 8.5%. The paper 
under investigation has medium size void structure.

Figure 3. Dependence of printed copy optical density from percentage ratio of added licorice cellulose

Figure 3 shows the increase of licorice сеllulose quantity 
leads to the increase of printed copy optical density.

Ink trapping shows (Fig. 4) that for all samples more than 
50% of ink passes from a plate. The ink transference from a 

plate onto a paper is increased with increasing of licorice cel-
lulose content in it.

Figure 4. Dependence curve of ink trapping from ratio of added licorice cellulose

Thus, the research showed that addition of licorice cellu-
lose into paper mass from cotton cellulose produces positive 
influence on paper printing properties.

4. Conclusions
By studying physical, mechanical and printing paper prop-

erties it has been established that a reduction of paper spongi-
ness by 15% increases the resolution capability – smoothness 
and provides high legibility of image.
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A PRACTICAL IMPLEMENTATION OF FINGERPRINT 
BASED FUZZY COMMITMENT SCHEME

Abstract: This paper offers a method that allows practical usage of the key binding scheme based on fingerprint 
image. This method uses Reed – Solomon error correction code to correct until five minutiae point’s data in maximum 
and as a result of this the false rejection rate (FRR) error will be equal to 31. At least 10 true minutiae points are 
required to successfully recover a key and in this case false acceptance rate (FAR) error will be equal to zero.

Keywords: minutiae point, key binding, key generation, biometric cryptosystem, error correction cede, fuzzy 
commitment scheme.

1. Introduction
Biometric based cryptosystems does not only eliminate 

issues like forgetting and always carrying problems, but also, 
solves many disadvantages related to human factors. However, 
biometric cryptosystems also has its disadvantages because 
biometric parameters have fuzzy type of information. Among 
them, falsification and FAR based threats that occur by improp-
er selection of biometric parameters which are more serious.

Iris and fingerprint parameters are most suitable ones for 
biometric cryptographic systems because of them we could 
have enough information for cryptographic key [1]. Among 
the remaining biometric parameters, iris is not only non – fal-
sified, unique and high entropy parameter, but also has very 
high cost to implement and requires user attention. However, 
fingerprint is most used parameter in biometric cryptosystems 
because of low cost, high uniqueness degree (even in twins) 
and easy to use even lower entropy than iris [2].

Despite biometric cryptosystems have been in develop-
ment, their primary visions have already implemented For ex-

ample, among a project of GenKey by priv-ID [3], fingerprint 
and iris based cryptographic key generation have a significant 
impacts that is practically implemented.

Biometric cryptosystems. Additional information related 
to biometric parameters called “helper data” that are saved 
to generate key in all biometric cryptosystems. Based on the 
method of taking the helper data, cryptosystems divided 
into: key binding scheme and key generation scheme [4]. Cryp-
tographic key is mixed with biometric parameters and saved 
as helper data in key binding scheme. This scheme includes 
fuzzy commitment and fuzzy vault forms. Helper data are ex-
tracted from only biometric parameters in key generation 
scheme and use to recover original biometric parameters. 
Fuzzy extractor and secure sketches are most used forms in 
this scheme.

2. Related work
We choose fingerprint as biometric for our proposed key 

binding scheme because it is easy to use, low cost to imple-
ment and saving enough information for key. Therefore, the 



A PRACTICAL IMPLEMENTATION OF FINGERPRINT BASED FUZZY COMMITMENT SCHEME

109

first, we give quick analysis of current fingerprint based cryp-
tosystems and then describe our.

Sharda Sinx et al. [5] proposed key generation method for 
RSA algorithm based on fingerprint minutiae points. Firstly, 
enough minutiae points are extracted and two-dimension 
matrix of minutiae point positions were created. Generated 
random numbers were mixed with fingerprint features and 
created new features array. Prime number was created with 
new features array by checking and incrementing values. There 
was possibility of practical implementation of this method 
when minutiae coordinates were same as previous one.

Aditi Bhatega et al. [6] proposed another key genera-
tion methods based on fingerprint with cancelable biometric 

scheme. FAR/FRR errors was equals to 0/15 respectively in 
this proposed method is tolerable to different changes in case 
of high quality fingerprint image was used, it will make decent 
productivity.

B. K. Sy et al. [7] establish robust key binding scheme 
based on fingerprint. Fingerprint image was separated to rings 
and sectors from core point and maximum and minimum Eu-
clidian distances between minutiae points in each sectors and 
core point was calculated. This method was efficient against 
deviation of fingerprint image and there was not possibility of 
key binding in case of few minutiae points.

In general, analysis of fingerprint – based cryptographic 
systems are shown in (Table 1).

Table 1.

Methods Used biometric 
cryptosystem scheme

Extracting numerical values from 
fingerprint image FAR/FRR (%)

L.You et al. [8] Key binding N/A –
S.Barman et al. [9] Key generation Distances between minutiae points 4,95/–

B.Liang et al. [10] Key binding Positions and angle of minutiae points If D=11 and n=5 then 
0,396/17,7

R.Ranjan et al. [11] Key generation Positions of minutiae points –

C.Xie et al. [12] Key generation Positions of minutiae points 0.077/10.261 (FVC2000-
DB2, t=19, k=2124)

S.Sinx et al. [5] Key generation Positions and type of minutiae points –

A.Bhatega et al. [6] Key generation Distances between central point and 
minutiae points 0/15

B.K.Sy et al. [7] Key binding Distances between central point and 
minutiae points –

Based on the results of the above analysis, the following 
conclusions can be obtained:

– there is no single and reliable way to convert fingerprint 
features to a numerical values;

– the magnitude of the differences in the numerical val-
ues of two biometric features to a single user;

– it is impossible to construct appropriate errors correc-
tion codes to correct existing errors;

– Impossibility of experiment implementation in real 
practical life

Above mentioned fingerprint based cryptographic sys-
tems which gives the change to eliminate the existing errors, 
has been given below on biometric key binding methods.

3. Proposed method
In this paper, new key binding method based on minutiae 

point’s positions, and its feature and structures described as 
following.

Assumption and requirements. There is not any univer-
sal key binding method that is used practically. Therefore, we 
define some assumption and requirements to practical imple-
mentation of proposed method.

Requirement for fingerprint image. High-resolution fin-
gerprint scanners are needed (500 dpi) and captured image 
quality should be at least two in NIST NFIQ range. Besides 
that, we assume that helper data and training images have to 
be saved securely.

Error correction code. An error correction code is im-
portant for biometric cryptographic systems. The proposed 
method uses the Reed – Solomon code to eliminate the differ-
ences between the minutiae points in the learning and testing 
templates and configure to correct five minutiae points data.

Changing biometric features (fingerprint images) to numeri-
cal values. We extract numerical values from fingerprint images 
based on minutiae points’ position: X, Y coordination, angle 
and type. Besides that, Euclidian distances between minutiae 
points are calculated and used as key data.

Enrollment phrase. For learning process captured finger-
print images are important for receiving through scanner and 
so that we use four high quality fingerprint images per subject 
for learning system.

Extraction of important minutiae points. We get n common 
minutiae points among four fingerprint images and save them 
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as M P P Pn= { , ,..., }0 1 . Each minutiae points Pi  describe as 
{ , , , }X Y typei i i iθ  form. Based on fingerprint images and scan-
ner quality number of extracted minutiae points, n, will be 
different and result of this effect to occur some issues to get 
numerical values.

We use NIST Barycenter minutiae point selection meth-
ods to eliminate this problem [13]. NIST Barycenter method 
is used to get fixed N minutiae points that located in the cen-
ter of fingerprint image. We define two values for N: if com-
mon minutiae points belong to 15 20< <n  range, then 

N = 15 and if n 21>  then N = 21. There is no chance to bind 
key in case of number of common minutiae points among four 
fingerprint images will be smaller than 15.

Fingerprint feature quantitation. Position of minutiae 
points might be different during putting fingerprint on scan-
ner even fingerprints belong to same person. As result, minu-
tiae points might be shift left/right or top/bottom side. In this 
case, minutiae position based on numerical values extraction 
will be incorrect. We use quantitation method by Liang B. et 
al. to solve this problem [14]. Positions of selected N minutiae 
points are updated by the quantitation method with D = 10.
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 (1)

Creating feature vectors. Feature vectors are created as fol-
low from last form of updating N minutiae points.

1) If N = 15, we set-up Reed – Solomon code as 
( )32,9,22,0 25×  to correct 5 minutiae points data. In this case, 
we can bind K = 45-bit key and needed biometric feature vec-
tors Fvec  with 31 elements. First 30 elements of feature vector 
calculated from Xi  and Yi  coordinates of 15 minutiae points 
and last one element derived from average value of all minu-
tiae points type, typei .

2) If N = 21, we set-up Reed – Solomon code as 
( )256,49,206,0 11D×  to correct 5 minutiae points data. In 
this case, we can bind K = 392-bit key and needed biometric 
feature vectors Fvec  with 255 elements. First 42 elements of 
vector consist from Xi  and Yi  coordinates of 21 minutiae 

points, next 
N N( )−

=
1

2
210  elements are Euclidian distanc-

es that calculated among 21 minutiae points and last 3 ele-
ments are derived from average value of all minutiae points 
position, Xi

,Yi
 angle, θi  and type, typei , respectively.

Key binding. Helper data, S, derived from code word 
C=EEC(K) and feature vector Fvec :

 S C Fvec= ⊕  (2)

Helper data S and hashed key value H h(K)=  are secure-
ly saved in database.

Testing phrase. In this process, candidate enter new fresh 
fingerprint template and then will do following sequences:

– m minutiae points will be extracted from candidate 
template and will be combined to M P P P' m= { , ,..., }0 1 set;

– significant N minutiae points separated from M'  set by 
NIST Barycenter method;

– position of separated N minutiae points, Xi  and Yi , 
updated with (1) equation;

– depend on the value of N, feature vector F'vec  is ex-
tracted from updated minutiae points as 1) or 2) step in learn-
ing process;

– extracted feature vector F'vec  and helper data, S belong 
to user will be used to recover code word: C' S F'vec= ⊕ ;

– then from code word C' , we decode K' DEC(C')= , 
after that we compute hash of new key and compare with 
hashed key in learning process: h(K') H= ;

– If the result of comparison is “true”, then key is success-
fully recovered, else not.

Experimental result and analysis. We use 160 finger-
print images of 40 subjects, four images per subject, in learn-
ing process. We use FS88H FIPS201/PIV scanner to capture 
fingerprint images. In test phrase, 240 fingerprint images of 
40 subjects, six images per subject, are used. The average dif-
ference between the minutiae points in the enrollment and 
the testing phrase was 4.78. There were no errors to recover 
the key during testing phrase. The proposed method requires 
at least 10 minutiae points to match, and in this case, FAR 
error is zero. Based on the experience, result of correcting 
five minutiae points’ data, FRR’s error was 31% or in other 
words, genuine user that was enrolled can recover the key 
in one of three trials. One of the example of result is given 
in (table 2).

Table 2.

Data Values (byte)
1 2

Helper 
data

245, 39, 124, 87, 24, 173, 27, 90, 198, 195, 24, 24, 95, 91, 240, 177, 64, 185, 150, 126, 65, 32, 11, 215, 239, 17, 
146, 183, 113, 88, 206, 91, 42, 10, 92, 234, 127, 43, 26, 109, 143, 77, 92, 181, 252, 147, 133, 174, 6, 146, 92, 
154, 19, 141, 104, 71, 196, 47, 135, 184, 28, 148, 245, 159, 235, 53, 28, 58, 59, 241, 95, 123, 56, 248, 235, 230, 
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1 2

Helper 
data

248, 181, 195, 75, 191, 141, 91, 227, 190, 232, 3, 212, 29, 133, 50, 149, 45, 229, 244, 187, 179, 3, 24, 128, 16, 
94, 118, 224, 195, 239, 212, 133, 186, 204, 152, 36, 46, 192, 237, 180, 171, 154, 2, 13, 29, 216, 150, 96, 222, 
111, 112, 87, 158, 237, 154, 82, 174, 190, 83, 226, 167, 39, 243, 130, 187, 119, 25, 106, 59, 49, 28, 63, 54, 29, 
81, 173, 150, 174, 2, 12, 133, 179, 25, 160, 206, 138, 51, 158, 169, 41, 249, 168, 75, 88, 178, 154, 91, 31, 11, 
168, 62, 181, 11, 162, 253, 211, 31, 8, 160, 136, 116, 208, 211, 233, 29, 172, 174, 130, 78, 247, 216, 124, 0, 
232, 243, 88, 140, 205, 219, 110, 210, 114, 186, 185, 232, 214, 49, 40, 149, 41, 128, 231, 246, 227, 194, 222, 
83, 70, 242, 97, 29, 210, 77, 115, 209, 103, 60, 211, 133, 28, 101, 172, 34, 164, 237, 250, 194, 97, 64, 166, 154, 
228, 232, 94, 102, 117, 133, 130, 41

Feature 
vector

43, 34, 33, 49, 44, 66, 54, 75, 64, 67, 80, 83, 80, 78, 83, 73, 90, 97, 100, 84, 9, 76, 14, 65, 63, 27, 87, 107, 52, 
113, 48, 121, 118, 120, 113, 102, 88, 109, 101, 67, 22, 56, 66, 26, 87, 99, 48, 108, 58, 114, 111, 114, 103, 102, 
93, 110, 92, 82, 53, 84, 85, 80, 31, 92, 64, 113, 49, 50, 59, 47, 94, 115, 105, 86, 78, 53, 40, 80, 112, 65, 111, 35, 
124, 119, 120, 122, 94, 75, 99, 114, 110, 55, 119, 77, 48, 116, 114, 99, 102, 112, 60, 135, 141, 145, 40, 91, 31, 
105, 114, 77, 54, 107, 97, 91, 131, 42, 31, 46, 150, 113, 116, 25, 133, 70, 133, 132, 137, 112, 128, 116, 136, 82, 
93, 135, 50, 85, 88, 77, 67, 125, 15, 46, 25, 159, 121, 58, 142, 23, 31, 45, 39, 103, 134, 114, 102, 148, 95, 141, 
142, 149, 109, 150, 140, 158, 64, 128, 43, 31, 18, 97, 54, 96, 64, 150, 150, 143, 141, 156, 95, 61, 97, 149, 12, 
27, 60, 95, 132, 106, 125, 15, 70, 84, 122, 94, 132, 85, 72, 113, 82, 144, 138, 162, 149, 71, 46, 11, 174, 43, 181, 
184, 161, 215, 148, 0, 155, 249, 170, 183, 134, 1, 205, 223, 95, 221, 173, 12, 90, 190, 175, 152, 198, 15, 117, 
147, 103, 19, 159, 135, 147, 138, 132, 137, 213, 163, 76, 183, 64, 228, 65, 185, 245, 227, 144, 204, 150

Recov-
ered key

24, 89, 15, 1, 73, 1, 144, 219, 14, 208, 42, 80, 112, 226, 15, 1, 12, 155, 95, 109, 71, 108, 251, 234, 23, 104, 73, 
64, 226, 15,  220,  62, 177, 46, 105, 115, 23, 194, 12, 17, 218, 0, 169, 231, 147, 150, 23, 78, 181

4. Conclusion
Probability of practical implementation of fuzzy com-

mitment based key binding scheme increases by using error 
correction codes. However, due to the large differences of the 
scanned fingerprints, a number of practical issues are encoun-
tered to convert biometric features to numerical values. The 

proposed method to eliminate these problems and to use prac-
tically is different from with factors of security and reliability. 
When fingerprint image quality is high, there is a possibility to 
bind a 392-bit key, which can now be used for symmetric – key 
encryption systems.
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FEATURES OF CYTOGENETIC CHANGES (CHROMOSOMAL ABERRATIONS) 
IN THE MONONUCLEARS OF PERIPHERAL BLOOD IN PATIENTS WITH 
CHRONIC LIVER LESIONS AT EXPOSURE TO CHEMICAL SUBSTANCES

Abstract: The pollution of the occupational and surrounding environment with chemical substances appeared 
to be one of the large problems arising at mankind, due to scientific and technical progress. The anthropogenous pol-
lution gets the increasing significance, both in practical medicine, and in general biological branches. In this article 
the steps are taken to asses damages of lymphocyte genome at development of pathological states in a liver induced 
by exposure to the chemical substances.

Keywords: chronic liver damage, chemical substances, chromosome aberrations, peripheral blood lymphocytes.
Introduction
The basic sources of involvement of the harmful substanc-

es into the environment include the enterprises of chemical, 
metallurgical, oil-producing and other industrial branches. In-
sufficient use of the methods of waste-free technique, means 
of gaseous and water waste products clearing from harmful 
impurities; motor, air, sea and other types of transport work-
ing on liquid, firm and gaseous fuels; application in the agri-
culture of chemical substances of struggle (pesticides) with 
the plant and weed pests; chemical fertilizers; large power in-
stallations, emissive into atmosphere of carbon oxide, sulphur 
dioxide, nitrogen oxides, heavy resinous products has resulted 
in distribution of so-called background pathologies expressing 
in lowering of general body resistance, anti-infectious immu-
nity, when even the insignificant shifts can result in develop-
ment of serious pathologies, including neoplasias [5, 6].

So now trouble of these factors has made a heavy burden, 
which presses on all population as a whole. The ecological 
situation is dangerous to the person, community and state. 
For the person these are not only diseases connected to threat 
of life, but also defective breed resulting in accumulation of 
a genetic burden [1–4]. All above-stated defines necessity of 
more profound researches of the mechanisms of effects of 
subthreshold dozes of toxicants, especially at their combined 
influence. The hemopoietic and reproductive systems appear 
to be more sensitive to the effects of toxicants [7, 8].

The cytogenetic study of the lymphocytes from pe-
ripheral blood of the patients enables to reveal the earliest 
signs of development of various pathologies as not specific 
and specific chromosomal disorders in some quantity of 
these cells in the sporadic defeat, or specific chromosomal 
disturbances in all cells at inheritance of such disorders [1, 
2, 8, 9]. In many diseases there have been already known 
specific cytogenetic markers. For the patients with hepa-
titis at influence of chemical substances (pesticides, lead) 
such markers have not been revealed and consequently the 
search of them can appear useful for diagnosis of the given 
pathologies.

The purpose – to estimate damages of lymphocyte ge-
nome at development of pathological states in a liver induced 
on exposure to the chemical substances.

Materials and methods.
For reception of preparations with metaphase plates all 

studied persons were taken venous blood in volume 2 ml, 
which then were placed in into vials with medium 199 (6 ml), 
containing phytohemaglutinin (PHG) and serum of the cat-
tle. Cultivating was performed within 72 hours in thermostat 
at temperature 37˚С. For 2 hours before the cultivating end-
ing into the vials with a mix of cells there was added colchicin 
to stop mitosis. After hypotonisation and fixation of the cells 
there were made preparations of metaphase plates with the 
subsequent staining by Himze-Romanovsky. The analysis of 
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chromosomes was carried out on microscope Leica, eyepiece 
10, objective 100.

For estimation of cytostatic effect of investigated prepara-
tions there was defined an index of stimulation PHA (I-PHA), 
which was calculated by the formula: I-PHA = М: 100, where 
М – quantity of mitotically divided cells; 100 – total number 
of cells.

Object of research were 70 patients in the Clinic of Scien-
tific Research Institute of Sanitary, Hygiene and Occupational 
Diseases of the Ministry of Health of the Republic of Uzbeki-
stan with chronic toxic hepatitis of occupational genesis. Pe-
riod of working of patients was more than 10 years. According 
to the profession they were linotype operator (direct contact 

with lead) and agriculturists – entomologists (contact with 
pesticides).

I group – Chronic liver damage under the effect of lead 
(CLD+ LEAD, n = 35) and II group

II group – Chronic liver damage under the effects of pes-
ticides (CLD + PESTICIDES, n = 35),

III group – 50 healthy persons, not contacting with toxic 
substances.

Results:
At cytogenetic analysis of blood samples of these patients 

(tabl. 1), the increase of frequency of chromosome aberra-
tions is revealed in comparison with healthy more than in 5, 
9 times.

Table 1. – Frequency of the chromosome aberrations in the lymphocytes 
of patients with toxic hepatitis

Groups of patients
Number of studied:

metaphases Aberrant metaphases aberrations,%
Group I HLD + LEAD n = 35 700 35 9.4 ± 1,2*,** (66)
Group II  HLD+ PESTICIDES, n = 35 1500 60 4.4 ± 0,5* (66)
Group III health n = 50 1000 12 1.6 ± 0,4 (16)

Note: * – p < 0.05, comparison of groups I and II with group III;
** – p < 0.05, comparison between groups I and II

Among all types of aberrations the chromosome dele-
tions are dominated, chromosome hyper and hypoploidy 
are on the second place, it is interesting, that there were 
more often not specific trisomia and monosomia of chro-
mosomes from group A, C, D, E, and D, and as well as DMC 
and genes, which come to light as the not painted areas 
of chromosome. They are present on both chromatids as 
breaks or blanks, the site chromosome is considered fragile, 
if genes are found more than 2 times in the same point of 
chromosome. Among revealed by us aberrations there were 
met deletions more often in chromosomes of group A (1–3 
pairs), C (6–12 pairs), D (13–15 pairs), Е (16–18 pairs) 

and fragments of different size, dicentric chromosomes, 
fragments with displacement.

At clinical inspection at all patients prior to the beginning 
there was established background characteristic of karyotype. 
The instability of genome and presence of high frequency 
of chromosome aberrations in mononuclears of peripheral 
blood was noted (tabl. 1, 2).

Cytogenetic changes were presented by polyploid, hyper-
aneuploid cells and single cells with not differentiated translo-
cations, as there were found double small chromosomes and 
deletions (Fig. 1 – normal parameters and Fig. 2, 3, 4 with 
pathology).

Table 2. – Types of chromosome aberrations and their frequency in the lymphocytes

Groups of patients

Types of aberrations,%

Genes,%
deletion

hyper-,
diploidy and
polyploidy

translocations
DSC Double

small chromo-
somes

Group I
Lead 3.14 ± 0.65* 2.14 ± 0.54* 0.57 ± 0.28* 1.0 ± 0.37* 2.57 ± 0.59*

Group II and
pesticides 1.05 ± 0.24 0.88 ± 0.22* 0.17 ± 0.10 0.7 ± 0.20* 1.52 ± 0.29*

GroupIII n=50,
healthy 1.0 ± 0.22 0.1 ± 0.07 0 0 0

Note: * – p < 0.05, comparison I, II with group III
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Cytogenetic investigations revealed that each patient has 
a unique combination of disorders at a level of chromosome 
(tabl. 3). The individuality of combinations of chromosome 
aberrations, alongside with some common and specific chro-

mosome disorders for different type of diseases at each patient 
is noted also by other researchers. In table 4 the frequency of 
chromosome disorders in mononuclears of peripheral blood 
of the healthy donors (volunteers) is shown.

Table 3. – Frequency of aberrations in some chromosomes

№№ chromosomes/group Structural disorders, % Aneuploidy, losses/acquisitions, %
4 34.8 26.7

17 21.7 13.3
5 21.7 13.3

13 21.7 6.7
16 4.4 –
3 – 13.3

6÷12 – 13.3
19/20 – 20.0
22/21 – 13.3

1 – 6.7
Table 4. – Frequency of chromosome disorders in the mononuclears of 

the peripheral blood of healthy donors (volunteers)

№№ Indicators Males.
n = 30

Females.
n = 20

1. Number of studied metaphases 3000 2000
2. Number of aberrant metaphases 37 20
3. Number of aberrations,% 1.2 ± 0,19 1.0 ± 0,18
4. Number of aberrations per 1 aberrant metaphase 1.0 1.0

Types of aberrations
5. Deletions,% 40.5 ± 0,89 (15) 25.00.96 (5)
6. Large and small fragments,% 56.8 ± 1,10 (21) 60.0 ± 1,09 (12)
7. DSC (double small chromosomes),% 0 0
8. Genes,% 0.8 ± 0,16 –

Note: the absolute values are shown in the round brackets

The analysis of chromosome disorders in lymphocytes of 
peripheral blood (Fig. 2, 3, 4) allows at a stage of preclinical 
development of pathological process to determine risk of de-
velopment of pathological process in each individual: in case 
of revealing known specific cytogenetic marker to carry out 
the earliest diagnosis beginning or having already developed 
disease. On the basis of specific and not specific chromosome 
disorders this method allows determination of the prognosis 
of development and outcome of disease.

The possibility of early identification of specific chromo-
some disorders in the lymphocytes in blood of patients with 
early clinical signs of disease promotes its appropriate iden-
tification that matters for realization of effective treatment.

It has been shown, that on set of specific and not specific 
chromosome and genome disorders in the somatic cells there 
is an opportunity with high probability to establish presence in 
the body of pathological process in its earliest stage, to predict 

development of the certain disease, to determine its intensity 
and stage, character and localization. The opportunity is shown 
at similar research to trace updating of primary revealed cytoge-
netic disorders and to determine their interrelation with devel-
opment of the subsequent clinical signs of disease.

That is, the opportunity for use of cytogenic investiga-
tion of the lymphocytes of peripheral blood to study of the 
mechanism of development of diseases, their early diagnosis, 
prognosis, and prevention has been established.

Therefore, cytogenic investigations of the lymphocytes 
of peripheral blood – as the model of somatic cells, are of sig-
nificant importance, as the early definition and diagnosis with 
clinical methods happens to be inconvenient. Systematization 
of known, revealing and analysis of new cytogenic criteria, 
determining higher risk of development of pathologies, and 
development by their criteria of the principles of diagnosis 
and prognosis hold promise.
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Figure 1. The cell with normal karyotype

Figure 2. Condensation of the chromatin (more frequent in group on exposure to lead)
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Figure 3. Polyploid increase in chromosomes, equal to haploid set of the 23 chromosome (liver enlargement 
and change of the chromosome quantity, are often occurred in group on exposure to the pesticides)

Figurer 4. Hyperaneuploid cell, metaphase
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Conclusions:
1. The analysis of chromosome disorders in the lympho-

cytes of peripheral blood allows at the stage of preclinical 
development of pathological process to determine risk of 
progressing of pathological process in every individual: in 
case of revealing known specific cytogenic marker to carry 
out the earliest diagnosis beginning or being already devel-

oped disease. On set of specific and not specific chromosome 
aberrations this method gives an opportunity to determine 
prognosis the development and outcome of disease.

2. The objective changes of frequency of chromosome 
aberrаtions in lymphocytes of peripheral blood in the patients 
with a chronic liver damage can be used as criterion at early 
diagnostics chronic toxic hepatitis.
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MOLECULAR GENETIC FEATURES CLINICAL COURSE OF CHRONIC 
PANCREATITIS WITH EXTERNAL SECURITY INSUFFICIENCY

Abstract: Mutation of the N34S gene of the pancreatic secretory inhibitor of trypsin is detected significantly 
more often in patients with chronic pancreatitis than in healthy individuals, which is 9.2% and 2.8% respectively, 
while the homozygous for patients with HP also was greater – 5.4% and 0, 9%, respectively (p < 0.05), which suggests 
a significant role of these genetic changes in the development of chronic pancreatitis.

Keywords. Chronic pancreatitis, molecular genetic studies.
Chronic pancreatitis (CP) is an inflammatory disease of 

the pancreas (PZ) characterized by a prolonged progressive 
course with the development of irreversible morphological 
changes in the parenchyma and the duct system [1, 2]. Cur-
rently, CP is a relatively frequent disease leading to temporary 
disability, and in the future – and disability, which makes CP is 
an important social and economic   tion problem of modern 
medicine [3].

A significant contribution to the modern understanding 
of the pathogenesis of pancreatitis has been the discovery of 
genes that directly lead or contribute to the risk of developing 
the disease.

The data of clinical studies show the features of the clinical 
course and diagnostic signs of various subtypes of NP, differ-
ing in genetic defects and the type of inheritance [4, 5].

Mutations in the genes of SPINK1, PRSS1, CFTR are 
detected with a relatively high frequency in NP patients, for 
example, in the CFTR gene, 13.4–37.0%, in the SPINK1 gene, 
20.0–23.0%, which is 2.7–7.4 times the frequency of the car-
riage of mutations in these genes in a healthy population 
[4]. These genetic changes can independently determine the 
development of HP or be a risk factor. Thus, the probability 
of developing alcoholic CP in a patient with a mutation of 
R122H in the PRSS1 gene exceeds 40% [5].

The purpose of this work is to study the clinical and ge-
netic peculiarities of the flow of various forms of chronic pan-
creatitis in adult patients and determine the value of mutations 
in the genes of SPINK1, PRSS1, CFTR in the development 
and progression of chronic pancreatitis.

Material and methods: During the research, we used 
linguistic, genetic.

Results and its discussion. As part of a one-stage study 
with monitoring, genetic screening of patients with chronic 

pancreatitis was performed. For the first time, the frequency 
of carriage of mutations in the genes CFTR, SPINK1, PRSS1 
was determined for various chronic forms of pancreatitis in 
adult patients in the Russian population. For the first time, 
the most common mutations in the CFTR and SPINK1 genes 
were detected in Uzbekistan with different forms of pancre-
atitis. For the first time the features of the course of CP, the 
effectiveness of therapy, the prognosis, possible combined risk 
factors in patients with the presence of N34S mutation in the 
SPINK1 gene were studied.

The data of the clinical studies carried out demonstrate 
the features of the clinical course and diagnostic signs of vari-
ous subtypes of HP, differing in genetic defects and the type 
of inheritance.

Mutations in the genes SPINK1, PRSS1, CFTR are de-
tected with a relatively high frequency in patients with CP, 
for example, in the CFTR gene, 13.4–37.0%, in the SPINK1 
gene, 20.0–23.0%, which is 2.7–7.4 times the frequency of 
the carriage of mutations in these genes in a healthy popula-
tion. These genetic changes can independently determine the 
development of HP or be a risk factor. Thus, the probability 
of developing alcoholic CP in a patient with a mutation of 
R122H in the PRSS1 gene exceeds 40%.

In patients with HP of different etiologies, a mutation of 
the SPINK1 N34S gene is found reliably in relation to healthy 
individuals, determining a higher risk of structural changes 
in the pancreas, determining a higher risk of complications 
of chronic pan-creatitis, and being an unfavorable prognostic 
response factor to the ongoing cure -th. Mutation N34S is 
often found in persons without pancreatitis, which presup-
poses its action as a modifier of the disease, determining an in-
creased risk of chronic pancreatitis and its more severe course 
in patients with other risk factors-biliary pathology, smoking, 
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alcoholism, etc. The wide occurrence of N34S mutation with 
increasing accessibility of genetic methods of investigation 
will allow to isolate patients in HP, homozygous carriers of 
this mutation, characterized by a more favorable prognosis 
and increased risk of complications.

Patients with chronic pancreatitis had a rare occurrence 
of mutations in the gene of the transmembrane regulator 
of cystic fibrosis, the absence of homo-zygotic carriers in 
this mutation, and the absence of mutations in the cationic 
trypsinogen gene, which indicates that these mutations do 
not contribute to the pathogenesis of chronic pancreatitis in 
mixed thе Russian population.

The frequency of homo- and heterozygous mutations of 
the N34S gene of the pancreatic secretory inhibitor of trypsin 
is significantly more frequent in patients with chronic pan-

creatitis (9.2% and 5.4%) than in healthy individuals (2.8% 
and 0.9%), which assumes a significant role of these genetic 
changes in the development of chronic pancreatitis.

Conclusions. The presence of mutation N34S deter 
mines the acceleration of the progression of chronic pancre-
atitis, determines the earlier development of the disease, the 
greater likelihood of pronounced structural changes in the 
parenchyma and duct system of the pancreas and the devel-
opment of complications, increases the risk of severe leakage 
and the worst response to a conservative treatment.

The presence of mutation N34S determines the low 
risk of developing chronic pancreatitis without taking into 
account the etiology – 1.55, moderate risk of toxic chronic 
pancreatitis – 2.19), high risk of idiopathic chronic pancre-
atitis 4.62.
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Abstract: Proprioception is defined as the ability of an individual to integrate sensory signals from different 
receptors to determine body position and movement in space [3, 1176–1184].

The aim of this paper was to review the latest literature regarding studies focusing on proprioceptive exercises 
implemented in youth football players training. We searched in PubMed, ResearchGate. More research studies should 
focus on the more complex effects of the proprioceptive exercise training with more specific requirements on the 
subjects practicing football.

Keywords: Football, proprioceptive training, proprioceptive exercises.
Introduction
Football is one of the highest-ranked sports around the 

world but like most other sports it is associated with a certain 
risk of injury to players, both at the competitive and recre-
ational level [5, 929–938]. Proprioception is defined as the 
ability of an individual to integrate sensory signals from dif-
ferent receptors to determine body position and movement 
in space [3, 1176–1184].

Football is a sport that requires many technical skills, at 
the same time a static, semi-dynamic and dynamic balance. 
Most of these skills, such as passing, manipulating the ball into 
the air, dribing or taking the ball, are achieved by standing on 
one leg. The balance plays a major role in difficult situations 
for a footballer during a football match, situations such as; op-
ponents pushing, slipping into the grass of the field, changes 
in the direction of the ball, etc. Therefore, the successful and 
effective execution of any technical skill depends to a large 
extent on the ability of the players to control their balance and 
to adapt as best and faster to the various positions of the body 
posture in the field. Football is a sport that requires high inten-
sity and is characterized by constant course changes but also 
with high-legged footwork. Participation in football imposes 
high demands on neuromuscular control, agility and centric / 
concentric strength. Most of the injuries in football are related 
to the lower limbs, in which muscle injuries are among the 
major problems [1, 1226–32; 2, 1882–91].

In childhood, inadequate levels of physical activity can 
cause significant health problems at the individual level but 
also in society [5, 871–876]. Children are immature in the 
skeleton and when they participate in sports, they are sus-
ceptible to a variety of injuries, both in hard tissue and soft 
tissues [6, 356–66].

There is convincing evidence that training programs fo-
cusing on preventing injuries can reduce their overall level by 

about 40% to children and adolescents who deal with sports 
[7, 1733–1748]. Neuromuscular performance can be consid-
ered as the ability of the neuromuscular system to control and 
coordinate movements by appropriate use and coordination 
of muscular strength and muscular endurance, muscle recruit-
ment pattern, proprioceptive responses and reflex activity 
[8, 427–436; 9, 392–403].

Objectives: Main objective of this paper of this study was 
to review the latest literature regarding studies focusing on 
proprioceptive exercise training implemented in football. We 
searched in PubMed, ReserachGate.

Methodology: Literature review research is conducted 
using some of the main search engines like; PubMed, Re-
searchGate.

Results and Discussion
From many studies, only 7 fulfilled the criterias and were 

selected:
1. Mandelbaum R. B., 2005;
2. Kilding AE et al., 2008;
3. Daneshjoo et al., 2012;
4. Evangelos. B et al., 2012;
5. Gioftdisidou. A et al., 2012;
6. Finch CF et al., 2013;
7. Dinc E et al., 2017.
Mandelbaum R. B., 2005, study pourpose was to deter-

mine whether a neuromuscular and proprioceptive perfor-
mance program was effective in decreasing the incidence of 
anterior cruciate ligament injury within a select population 
of competitive female youth soccer players. A total of 1041 
female subjects ages of 14 and 18 from 52 teams received a 
sports-specific training intervention in a prospective nonran-
domized trial. The control group consisted of the remaining 
1905 female soccer players from 95 teams participating in the 
same league who were age and skill matched. participated 
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in either their traditional warm-up or a sports-specific. The 
intervention consisted of education, stretching, strengthen-
ing, plyometrics, and sports-specific agility drills designed to 
replace the traditional warm-up. There was an 88% decrease 

in anterior cruciate ligament injury in the enrolled subjects 
compared to the control group. In year 2, there was a 74% 
reduction in anterior cruciate ligament tears in the interven-
tion group compared to the age- and skill-matched controls.

Table 1.

Nr Author’s 
Name Type of study Title of the study Number of the 

subjects Type of intervention

1 2 3 4 5 6

1. Mandel-
baum R. B., 
2005

Prospective 
study where 
subjects are 
not randomly 
selected

Effectiveness of a Neuro-
muscular and
Proprioceptive Training 
Program in Preventing 
the Incidence of Anterior 
Cruciate Ligament Inju-
ries in Female Athletes 
2-Year Follow-up

1041 female subjects 
out of 52 teams

Education, stretching, strength, 
pliometrics, and specific exercises 
for programmed football to replace 
traditional warmth.

2. Kilding AE 
et al., 2008

Clinical trial / 
exercise inter-
vention

Suitability of FIFA’s “The 
11” training programme 
for young football play-
ers – impact on physical 
performance

24 young players 
(age 10.4 ± 1.4 
years) (12 Gr. Ex-
perimental), 12 Gr. 
control)

The training program lasted 6 weeks 
with 5 training days per week

3. Daneshjoo 
et al., 2012

Clinical trial / 
exercise inter-
vention

The Effects of Com-
prehensive Warm-Up 
Programs on
Proprioception, Static 
and Dynamic Balance on 
Male Soccer Players

U21 year old foot-
ball players (n = 36) 
randomly split in 
those who would 
be part of the 11+ 
HarmoKnee and 
control group

Programs were conducted for 2 
months (24 sessions). Propriocep-
tion was matched bilaterally at 30u, 
45u and 60u flexion of the knees us-
ing Dynamometer Bioksex Isokinet-
ic. Static and dynamic balances were 
evaluated using the stork stay test 
and the Star Balance Test (SEBT), 
respectively.

4. Evangelos. 
B et al., 
2012

Clinical trial / 
exercise inter-
vention

Proprioception and bal-
ance training can improve 
amateur soccer players’ 
technical skills.

29 amateur football 
players were the 
current research 
group. 15 players 
aged 16.83 ± 0.24 
were the experimen-
tal group, while the 
control group con-
sisted of 14 players 
aged 16.60 ± 0.22.

Training program for propriocep-
sion and equilibrium

5. Gioftdisi-
dou. A et al., 
2012

Clinical trial / 
exercise inter-
vention

Balance training pro-
grams for soccer injuries 
prevention

38 professional 
football players were 
randomly divided 
into 3 groups

One group, trained 6 times a week, 
for 3 weeks, group B trained 3 times 
a week, for 6 weeks and group C 
(control) did not undergo a very 
special exercise to improve equi-
librium but only a standard soccer 
exercise
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1 2 3 4 5 6

6. Finch CF et 
al., 2013

Randomised 
controlled 
trial

Preventing Australian 
football injuries with a 
targeted neuromuscular 
control exercise pro-
gramme:
comparative injury rates 
from a training interven-
tion
delivered in a clustered 
randomised controlled 
trial

1564 community 
football players in 
Australia

The exercise test started 8 weeks 
before the beginning of the season 
until the 5th week of the game sea-
son. The intervention was 26 weeks
(Before the 8-week season and 18 
weeks in the season) The program 
was designed to be conducted for 
about 10–20 min during warm-up 
time within the training session.

7. Dinc E et 
al., 2017

Intervention 
study

Effects of special exercise 
programs on functional 
movement screen scores 
and injury prevention in 
preprofessional young 
football players

The study was at-
tended by 67 young 
male players from 
14 to 19 years of age 
from a Super League 
Soccer Academy, 
Turkey

The intervention program consisted 
of 1 hour twice a week for a total of 
12 weeks with 4 weeks of mobil-
ity exercises, 4 week exercises for 
stability, and 4 weeks of integration 
exercises.

Kilding AE et al., 2008 study aim determining the suit-
ability and effectiveness of “The 11” for younger football 
players. Twenty-four [12 experimental (EXP), 12 control 
(CON)] young football players (age 10.4 ± 1.4 yr) partici-
pated. The EXP group followed “The 11” training programme 
5 days per week, for 6 weeks, completing all but one of the 10 
exercises. Prior to, and after the intervention, both EXP and 
CON groups performed a battery of football-specific physical 
tests. Changes in performance scores within each group were 
compared using independent t-tests (p ≤ 0.05). Feedback was 
also gathered on the young players’ perceptions of “The 11”. 
No injuries occurred during the study in either group. Com-
pliance to the intervention was 72%. Measures of leg power 
(3 step jump and counter-movement jump) increased signifi-
cantly (3.4 and 6.0% respectively, p < 0.05). Speed over 20 m 
improved by 2% (p < 0.05).

Daneshjoo et al., 2012 study aim was to investigate 
the effects of FIFA 11+ and HarmoKnee, both being popu-
lar warm-up programs, on proprioception, and on the static 
and dynamic balance of professional male soccer players. 36 
U21 soccer players were divided randomly into 11+, Har-
moKnee and control groups. The programs were performed 
for 2 months (24 sessions). Proprioception was measured 
bilaterally at 30u, 45u and 60u knee flexion using the Biodex 
Isokinetic Dynamometer. Static and dynamic balances were 
evaluated using the stork stand test and Star Excursion Bal-
ance Test (SEBT), respectively. The proprioception error of 
dominant leg significantly decreased from pre- to post-test by 
2.8% and 1.7% in the 11+ group at 45u and 60u knee flexion, 

compared to 3% and 2.1% in the HarmoKnee group. The larg-
est joint positioning error was in the non-dominant leg at 30u 
knee flexion (mean error value = 5.047), (p, 0.05). The static 
balance with the eyes opened increased in the 11+ by 10.9% 
and in the HarmoKnee by 6.1% (p, 0.05). The static balance 
with eyes closed significantly increased in the 11+ by 12.4% 
and in the HarmoKnee by 17.6%. The results indicated that 
static balance was significantly higher in eyes opened com-
pared to eyes closed (p = 0.000). Significant improvements 
in SEBT in the 11+ (12.4%) and HarmoKnee (17.6%) groups 
were also found.

Evangelos. B et al., 2012 aim was to investigate the ef-
fect of a 10-week proprioception and balance training pro-
gram on the improvement of amateur soccer players’ specific 
techniques. 29 amateur soccer players comprised the sample 
of the present research. 15 soccer players aged 16.83 ± 0.24 
comprised the experimental group, while the control group 
was made up of 14 soccer players aged 16.60 ± 0.22 years old. 
To evaluate the program efficiency, a series of technical skills 
tests was run prior to and following the program implemen-
tation. The data were statistically processed with the SPSS15 
statistics program, and there was variance analysis with re-
peated measures by two factors. The statistically significant 
differences were checked at significance level a = 0.05 or 5%. 
Statistically significant improvements were found regarding 
juggling the ball in the air ‘jug 200’ (p-value = 0.002 < 0.05), 
‘jug body 1’ (p-value = 0.005 < 0.05), ‘jug body 2’ (p-value= 
= 0.005 < 0.05) as well as short (pvalue = 0.009 < 0.05) and 
long (p-value = 0.022 < 0.05) passing.
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Gioftdisidou. A et al., 2012, study purpose was to com-
pare 2 different balance training programs, based on distinct 
exercise frequencies, with the aim of improving propriocep-
tive ability. 38 professional soccer players, were randomly as-
signed into 3 groups: the A group, exercised with a frequency 
of 6 times per week, for 3 weeks, the B group exercised with 
a frequency of 3 times per week, for 6 weeks and the C group 
(control) did not follow a highly specific balance training, but 
only a standard soccer training. All participants were evalu-
ated with the use of an electronic stability system (indices-
deviations) and of a wooden balance board (time on balance) 
before (pre-test) and after the training period (post test). 
Analyses of variance (ANOVAs), with repeated measures on 
the last factor, were conducted to determine effect of training 
programs and measures (pre-test, post-test) on balance test 
indices (SI, API, and MLI) and time on balance board. The re-
sults showed that both training groups improved their balance 
ability similarly (p < 0.05) despite the different frequency of 
the balance training program.

Finch CF et al., 2013, study aim was to present the in-
tention-to-treat analysis of injury outcomes from a clustered 
randomised controlled trial in community Australian football. 
Methods Players from 18 male, non-elite, community Aus-
tralian football clubs across two states were randomly allo-
cated to either a neuromuscular control (NMC) (intervention  
n = 679 players) or standard-practice (control n = 885 play-
ers) exercise training programme delivered as part of regular 
team training sessions (2 × weekly for 8-week preseason and 
18-week regularseason). All game-related injuries and hours 
of game participation were recorded. Generalised estimating 
equations, adjusted for clustering (club unit), were used to 
compute injury incidence rates (IIRs) for all injuries, lower 
limb injuries (LLIs) and knee injuries sustained during games. 
The IIRs were compared across groups with cluster-adjusted 
Injury Rate Ratios (IRRs). Results Overall, 773 game injuries 
were recorded. The lower limb was the most frequent body re-
gion injured, accounting for 50% of injuries overall, 96 (12%) 
of which were knee injuries. The NMC players had a reduced 
LLI rate compared with control players (IRR: 0.78 (95% CI 
0.56 to 1.08), p = 0.14.). The knee IIR was also reduced for 
NMC compared with control players (IRR: 0.50 (95% CI 
0.24 to 1.05), p = 0.07).

Dinc E et al., 2017 study aim was to increase movement 
capacity and to reduce injury risk in young soccer players by 
implementing a special functional exercise program based 
on functional movement screen (FMS) and correctives. 67 
young male athletes 14–19 years of age from a Super League 
Football Club Academy participated in the study. Functional 
movement patterns were evaluated with FMS assessment pro-
tocol. Deep squat, hurdle step, in-line lunge, shoulder mobil-

ity, active straight leg raises, trunk stability push-up, and rota-
tory stability were examined in FMS. Considering the FMS 
scores the number of intervention and control groups were 
de-fined as 24 and 43, respectively. Intervention program was 
composed of 1 hr twice a week session in total of 12 weeks 
with 4 weeks of mobility, 4 weeks of stability, and 4 weeks of 
integration exercises. At the end of 12-week intervention and 
control groups were re-evaluated with FMS protocol. Contact 
and noncontact sports injuries recorded during one season. 
In intervention group there was statistically significant differ-
ence in increase in total FMS scores (P < 0.01), deep squat 
(P ≤ 0.001), hurdle step (P < 0.05), inline lunge (P < 0.01), 
and trunk stability push-up (P < 0.01). In control group total 
FMS, deep squat, and trunk stability push-up scores increased 
with a statistical difference (P < 0.01, P < 0.05, P ≤ 0.01, re-
spectively). The incidence of noncontact injury in control 
group was higher than intervention group (P < 0.05).

Cunclusion and Recommandations:
This paper main objective was to review the latest litera-

ture regarding studies focusing on proprioceptive exercise 
training implemented in football.

According to Kilding AE et al., 2008, most players con-
sidered “The 11” beneficial but not enjoyable in the prescribed 
format. Given the observed improvements in the physical abil-
ities and the perceived benefits of “The 11”, it would appear 
that a modified version of the programme is appropriate and 
should be included in the training of young football players, 
for both physical development and potential injury preven-
tion purposes, as well as to promote fair play.

According to Daneshjoo et al., 2012, the 11+ and 
HarmoKnee programs were proven to be useful warm-up 
protocols in improving proprioception at 45u and 60u knee 
flexion as well as static and dynamic balance in professional 
male soccer players. Data from this research may be helpful in 
encouraging coaches or trainers to implement the two warm-
up programs in their soccer teams.

According to Evangelos. B et al., 2012, proprioception 
and balance training can lead amateur soccer players to higher 
levels of technical ability, and therefore, its efficiency through the 
implementation of routines with different characteristics (fre-
quency, quantity, types of stimuli) merits further investigation.

According to Gioftdisidou. A et al., 2012, the authors 
proposed that balance training program can be applied in soc-
cer players on a daily basis or at least 3 times per week, accord-
ing to the demands of the training period.

According to Finch CF et al., 2013 positive outcomes can 
be achieved from targeted training programmes for reducing 
knee and LLI injury rates in men’s community sport. While not 
statistically significant, reducing the knee injury rate by 50% and 
the LLI rate by 22% is still a clinically important outcome. Fur-
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ther injury reductions could be achieved with improved training 
attendance and participation in the programme.

According to Dinc E et al., 2017, Periodic movement 
screening and proper corrections with functional training is valu-
able in order to create better movement capacity to build better 
physical per-formance and more effective injury prevention.

Nevertheles, we think it would be very interesting to de-
velop programs or other study projects focusing on the more 
complex effects of the proprioceptive exercise and the more 
specific requirements aimed at changing the visual, sensory 
information etc, on the subjects practicing football. Also, a 
special focus should be placed on preventing injuries, improv-
ing orientation, coordination, balance, etc.

Most of the studies underline the importance of proprio-
ceptive exercise training programs that focus on improving 
the physical and functional capabilities of football players in 
general and young players in particular. These types of ex-
ercises have already become part of contemporary football 
training programs. Based on the review papers we can say that 
proprioceptive exercise overall can improve the physical and 
technical skills of football players, but it is necessary to further 
study the effectiveness the other training programs with dif-
ferent characteristics such as frequency, quantity, or types of 
exercises, at all ages not only in adolescents.
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ANTIXYPOXANT, ANTI-NARCOTIC ACTIVITY AND 
ACUTE TOXICITY OF N-METHYLCYTISINE

Abstract: Nootropic drugs are widely used in disorders of cerebral circulation, cranio-cerebral trauma, diseases 
of the central nervous system accompanied by a decrease in intellectual and mnestic functions, Alzheimer’s disease, 
brain function disorders caused by alcoholism and drug addiction, in acute alcohol and narcotic drugs poisoning, and 
acute neuroinfections. Recent years, in many countries of the world, derivatives of quinolizidine alkaloid cytisine are 
positioned for treatment of the mentioned disorders. The aim of this work is to study the antihypoxant, anti-narcotic 
activity and toxicity of N-methylcytisine. N-methylcytisin has a stimulating effect on the central nervous system, 
increases the motor-orientation and exploratory reactions, shown a pronounced antihypoxant and antinarcotic effect 
equal to those of Piracetam.

Keywords: N-methylcytisine, antixypoxant, anti-narcotic activity, acute toxicity.
Introduction
Recent years, neurodegenerative diseases (NDDs) are 

diagnosed in 50–75% of the world population [1, 492–494] 
and have become a serious problem of healthcare [2, 4, 
19–23]. Nootropic drugs are widely used in complex treat-
ment of NDD. They are prescribed in disorders of cerebral 
circulation, cranio-cerebral trauma, diseases of the central 
nervous system accompanied by a decrease in intellectual 
and mnestic functions, Alzheimer’s disease, brain function 
disorders caused by alcoholism and drug addiction, in acute 
alcohol and narcotic drugs poisoning, and acute neuroinfec-
tions [5, 169; 7, 675].

Despite advances in the development of drugs for NDDs 
therapy, the most of them, according to results of multicenter 

clinical studies, improve the neurological outcome, but do 
not reduce the lethality in such diseases [8, 131–136]. In 
this regard, the development, creation and implementation 
of new effective and safe drugs for the prevention and treat-
ment of NDDs are the urgent tasks [9, 26–47]. Recent years, 
in many countries of the world, derivatives of quinolizidine 
alkaloid cytisine are positioned for the treatment of NDDs 
[10,1256–1262; 12, 555–567].

The Pilot manufacture of academician S. Yu. Yunusov 
Institute of the Chemistry of Plant Substance, Academy of 
Sciences of Uzbekistan every year processed tens tons of 
Thermopsis alterniflora to produce cytisine [13, 50]. The sum 
of alkaloids from Thermopsis alterniflora along with cytisine 
contains up to 60% N-methylcytisine [14, 33–56].
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The aim of this work is to study the antihypoxant, anti-
narcotic activity and toxicity of N-methylcytisine.

Antihypoxant activity of N-methylcytisine was compared 
with Piracetam, the drug with a pronounced nootropic effect. 
Antihypoxant activity is the most important manifestation of 
Piracetam action.

Materials and methods of research. The effect on the 
CNS physiological activity was studied in an open field device. 
Behaviour changes of the experimental and control animals 
were observed during 2 minutes. The number of horizontal 
movies along the number of intersected squares, the number 
of stands on the hind legs, and the number of the surveyed holes 
were recorded. The mean values   of the parameters for the group 
were calculated. All animals before the experiment were kept in 
the same conditions with free access to water and food.

N-methylcytisine was administered subcutaneously at 
doses of 1–2.5–5 mg/kg for 30 minutes before the starting of 
experiment. Each dose was tested on 10 mice. The sterile wa-
ter for injection was administered to control group of animals 
under the same experimental conditions.

Antihypoxant activity was studied in experiments on 
white male mice on the model of normobaric hypoxia with 
hypercapnia. Mice of the same mass were placed one by one 
in 250 cm3 hermetic cans, the survival time (reserve time) of 

the animals was recorded under hypoxia conditions, and the 
percentage of the reserve time increase was counted relative 
to the control group.

The analeptic effect of N-methylcytisine in ethanol (24% – 
6 g/kg intraperitoneally) and sodium ethaminal (0.4% – 40 
mg/kg intraperitoneally) intoxication was evaluated in mice. 
The substance was administered in doses of 1–2.5–5 mg/kg 
subcutaneously for 30 minutes before ethanol and ethaminal 
sodium introduction.

The acute toxicity was studied on white mice in subcu-
taneous application of the substance. The mean lethal dose 
was determined using the Litchfield-Wilcoxon method [15].

Neurotropic and antihypoxant activity of N-methylcy-
tisine in all experiments was compared with Piracetam at a 
dose of 400 mg/kg.

Results and discussion
In the abovementioned studies N-methylcytisine 

showed high stimulating activity. The drug at a dose of 1 
mg/kg and 2.5 mg/kg significantly increased locomotor ac-
tivity in open field, increased the spontaneous locomotor 
activity of mice in squares crossed horizontally, the number 
of stands on hind legs and the number of examined holes. 
In a dose of dose 5 mg/kg, the substance had no stimulating 
effect (Table 1).

Table 1. Effects of N‑methylcytisine on mice orientational and exploratory behavior in the open field

№ Animals group Horizontal movies
number

Number of stands on 
hind legs Holes examination

1. Control 15.6
(9.4 ÷ 23.8)

2.4
(1.8 ÷ 3.2)

3.5
(2.2 ÷ 5.0)

2. Piracetam 400 mg/kg 22.4
(15.4 ÷ 31.0)

3.1
(2.4 ÷ 3.9)

4.6
(4.1 ÷ 5.2)

3.

N-methylcytisine
1 mg/kg

2.5 mg/kg
5 mg/kg

23.1
(16.0 ÷ 32.1)

3.0
(2.3 ÷ 3.8)

4.4
(3.8 ÷ 5.3)

27.2
(20.2 ÷ 36.4)

3.8
(3.0 ÷ 4.7)

4.5
(3.6 ÷ 5.5)

16.0
(9.0 ÷ 24.4)

2.0
(1.5 ÷ 2.5)

3.1
(2.5 ÷ 37.8)

Experiments on the study of antihypoxant activity of N-
methylcytisine on the model of normobaric hypoxia with hy-
percapnia showed a distinct protective effect of the substance, 

which was expressed in an increase in the reserve survival 
time relatively to the control group of mice and Piracetam 
(Table 2).

Table 2. – Mice survival in the conditions of normobaric hypoxia with hypercapnia

№ Animals group Survival time, min. Survival time increase,%
1 2 3 4

1. Control 33.5
(32.6 ÷ 34.6) –

2. Piracetam 400 mg/kg 38.7
(37.5 ÷ 40.0) 15.5
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1 2 3 4

3.

N-methylcytisine
1 mg/kg

2.5 mg/kg
5 mg/kg

46.2
(45.3 ÷ 47.3) 37.9

48.8
(47.6 ÷ 50.2) 45.6

31.9
(30.9 ÷ 33.0) – 4.8

As seen from (Table 2), N-methylcytisin at doses of 
1.0–2.5 mg/kg had a good protective effect, increased the 
reserve survival time relative to the control group of mice by 
37.9 and 45.6%, respectively, and compared to piracetam – 
by 12.2 and 20.7%.

The results of N-methylcytisine antinarcotic effects in 
ethyl alcohol and ethaminal sodium intoxication are presented 
in (Table 3).

Table 3. – N‑methylcytisine antinarcotic effects in ethyl alcohol and ethaminal sodium intoxication

Introduced substance Dose, mg/kg
Duration of narcosis (min.) caused by
ethanol ethaminal sodium

Control (water) 0.2 ml 108.6 102

N-methylcytisine
1 mg/kg 54.2 105

2.5 mg/kg 36.2 53.7
5 mg/kg 34.9 40.8

In the control group, intraperitoneal application of etha-
nol at a dose of 6 g/kg causes narcosis (sleeping in lateral posi-
tion) with an average duration of 108 minutes in all animals. 
Preliminary subcutaneous application of N-methylcytisine 
reduced ethanol narcosis duration for two times at a dose of 
1 mg/kg, and for three times at doses of 2.5–5.0 mg/kg in 
compare to the control group.

In the second series of experiments the intraperitoneal 
administration of ethaminal sodium (control) at a dose of 
40 mg/kg in all control mice causes an narcosis average for 
102 minutes. Preliminary subcutaneous administration of N-
methylcytisine at a dose of 1 mg/kg did not significantly affect 
the duration of sleeping in lateral position. At a dose of 2.5 mg 
/kg, it had an analeptic effect and reduced the narcotic state 

for 1.9 times. At a dose of 5 mg/kg N-methylcytisine reduced 
the duration of the lateral position of the mice for 2.5 times as 
compared to the control group.

N-methylcytisine acute toxicity in mice (LD50) in subcu-
taneous administration was 38 (33.6 ÷ 42.9) mg/kg, in oral 
administration 145 (127.1 ÷ 165.3) mg/kg.

Conclusion
1. N-methylcytisin has a stimulating effect on the central 

nervous system, increases the motor-orientation and explor-
atory reactions.

2. It has a pronounced antihypoxant and antinarcotic effect.
3. Antihypoxant and antinarcotic activity of N-methylcy-

tisine is equal to those of Piracetam.
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THE CHOICE OF THE OPTIMUM BASIC MATERIAL FOR THE MANUFACTURE 
OF TOOTH PROSTHESIS IN HIV–INFECTED PATIENTS

Abstract: When carrying out complex therapy (pathogenetic and symptomatic), together with dental orthopedic 
treatment, there was a significant clinical improvement accompanied by normalizations, both the general condition 
of patients, and the positive shifts in the dynamics of endurance periodontal loadings.

On the background of antiretroviral therapy, 27 HIV-infected patients were provided with orthopedic dental 
care. To replace the defects in the dental rows, the base plastic “Ftorax” and the thermoplastic basic material “Vertex 
Thermo Sens”.
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Dental treatment of oral diseases in HIV-infected patients 

is complicated by the state of progressive immunodeficiency 
caused by HIV infection against the background of compres-
sion of concomitant infections, massive use of antibiotics and 
other chemotherapeutic agents [1, 6, 7, 9]. Dental therapy for 
HIV-infected patients is often performed against the backdrop 
of the administration of large doses of drugs, with an increase 
in the duration of their use, which is a feature and complexity 
of treatment of this category of patients [2, 8, 10].

The success of the treatment and prevention of secondary 
adentia, which is the consequence of caries and periodontal 
diseases, by replacing the defects in the dentition with remov-
able and non-removable dental prosthesis designs depends on 
the proper design of the orthopedic treatment plan, on the 
choice of the adequate design of dentures and materials, and 
their hygienic condition [3, 4, 5].

However, analysis of the literature shows that the issues 
of providing orthopedic dental care to people living with HIV 
continue to be little or hardly studied. Meanwhile, scientific 
research in this area would allow us to work out the tactics of 
the approach to assessing the condition of the oral cavity in 
HIV-infected patients and the specifics of dental, including 
orthopedic care, starting with the decision of questions of 
indications and contraindications to dental prosthetics, the 
timing of treatment, choice methods, design, materials for 
the manufacture of dentures, as well as features of oral care, 
prosthetics and tissues of the prosthetic bed.

Due to the fact that the provision of dental care to HIV-
infected patients should be performed with minimal inva-
sive interventions due to the high risk of transmission of the 
pathogen during manipulation, it seemed to us very relevant 
to consider the issue of orthopedic treatment using modern 

materials that do not have irritating, toxic and allergic effects 
on the mucous membrane of the oral cavity, as well as not 
requiring additional dental preparation in the manufacture of 
prostheses. According to some researchers [2, 6, 10], ortho-
pedic dental treatment for patients with HIV, regardless of the 
design of the prosthesis and the material used for prosthet-
ics, should be carried out in combination with antiretroviral 
therapy (ARVT).

This approach to therapy is designed not only to improve 
the overall condition of the patient, but also to achieve long-
term positive results in the treatment of oral pathology.

In addition, due to the high risk of transmission and infec-
tion of HIV to other patients and attendants, it is desirable to 
use prosthetic methods with minimally invasive intervention.

The purpose of the study was to perform a comparative 
analysis of the basic materials in dental prosthetics in HIV-
infected patients.

Materials and methods. Against the background of ARVT, 
27 patients with HIV were given orthopedic dental care. Pa-
tients were divided into 2 groups: 13 patients in the 1 group 
were made removable dentures using acrylic plastic “Ftorax”, 
and 14 patients 2 – groups made prostheses using thermoplas-
tic new material “Vertex Thermo Sens”.

Thermoplastic material of new generation “Vertex Ther-
mo Sens” has a number of advantages in comparison with 
other basic materials. This material, unlike Plutox, is mono-
meric, moisture resistant, easy to polish, does not shrink, 
flexible enough, does not cause an allergic reaction, and is an 
ultra-strong material, which makes it possible to manufacture 
micro, clasp, and partially and fully removable dentures.

Gnathodynamometric studies provide reliable informa-
tion about the functional state of periodontal tissues and can 
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serve as objective criteria for both establishing an accurate 
diagnosis and for evaluating the ongoing therapeutic and pro-
phylactic measures.

The investigations were carried out with a gnathodyna-
mometer of the device (Bekmetov M. V., Khodzhimetov T. A., 
Sokolov A. A.) – А. С. No. 1637782.

Endurance periodontal loadings are carried out in the 
dynamics of the disease before and after treatment in 2 direc-
tions: horizontal and vertical.

Results of the study. In HIV-infected patients, after com-
plex therapy (pathogenetic and symptomatic), together with 
dental orthopedic treatment, we observed a significant clinical 
improvement accompanied by normalizations, both the gen-
eral condition of patients and positive changes in the dynam-
ics of endurance periodontal loadings (in group 1 after pros-
thetic stability the periodontium incisors to horizontal loads 
increased by 21.50%, in the 2nd group – by 54.44% (≤ 0.01), 
the corresponding increase in the canines was + 25.45% (р ≤ 
0.01) and 35.43% (p ≤ 0.01), in premolars – + 16.80% (p ≤ 

0.01) and +33.18% (p ≤ 0.001), on molars – + 17.26% (p ≤ 
0.01) and + 52.18% (p ≤ 0.001), as well as the parameters of 
the immunological status of the oral fluid (the titer of S Ig A in 
group 1 increased compared to that before treatment (1.42 ± 
0.2 g / l) and amounted to 1.68 ± 0.4 g/l, while a similar factor 
of local immunity in patients with HIV in group 2 before treat-
ment was 1.24 ± 0.08 g/l, and after the prosthetics practically 
Approximately to the norm of 2.05 ± 0.6 g/l).

Our studies showed that the elimination of defects in 
the dentition by prosthetics using basic materials: “Ftorax” 
and thermoplastic material “Vertex Thermo Sens” resulted 
in an equal distribution of functional chewing load on the 
periodontium, a significant reduction in inflammation in 
the periodontium and an improvement in regional circula-
tion.

The higher clinical effect was registered in patients with 
HIV in group 2, who underwent prosthetics with removable 
dental prostheses based on thermoplastic material “Vertex 
Thermo Sens”.
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THE ROLE OF CYTOKINE SPECTRUM IN CHILDREN WITH CARDIOMYOPATHY

Abstract: Cytokines play an important role in the progression of heart failure in children with cardiomyopathy 
in children. The severity of their shifts is determined by the degree of circulatory disturbance, its duration, does not 
depend on the etiologic factor of heart failure and determines the prognosis of the disease.
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The immune system is one of the most important integrat-

ing systems responsible for maintaining the homeostasis and 
viability of the child’s organism in various environmental condi-
tions. At present, there is no doubt that it plays a leading role in 
the pathogenesis, clinical course and outcome of cardiovascular 
diseases in children caused by metabolic disorders.

The reason for the high incidence of an unfavorable out-
come in these pathological conditions is a combination of se-
vere vascular circulatory disorders, a systemic inflammatory 
reaction accompanied by cytokine assault, disrupting meta-
bolic and hemodynamic processes in the body.

The effect of cytokines on the clinical picture and the 
course of cardiovascular diseases in children is effected through 
effects on the immune, central nervous and endocrine systems. 
In recent years, among a large number of studied inflammatory 
response markers, researchers focus on interleukins and tumor 
necrosis factor-α (TNF-α), which are very sensitive markers.

All of the above indicates the relevance of the study of 
proinflammatory immunocytokines and the activation-pro-
liferative link of immunological response in children with 
cardiomyopathies.

Purpose of the study. To study the effects of cytokines 
(tumor necrosis factor TNF-α and IL-1, IL-6 and IL-8) on the 
clinical course of cardiomyopathies in children.

Materials and methods. 104 children were hospitalized 
in the cardiorheumatological departments of the RSNPMC 
Pediatrics in Tashkent and the RDMMC in Karakalpakia and 
20 practically healthy children (control group). The age of the 
examined children ranged from 2 to 17 years and averaged 
8.9 ± 0.6 years.

The diagnosis was made on the basis of complaints, ob-
jective examination, laboratory and instrumental methods of 
investigation (clinical and biochemical blood tests, chest X-
ray, ECG and Echocardiogram of the heart). We examined im-
mune methods of investigation, including the determination 
of TNF-α and IL-1, IL-6 and IL-8 using standard test systems 
for the ELISA OOO “Cytokine” (St. Petersburg). The stud-
ies were carried out in the clinical and laboratory department 
of the RSNPMC of pediatrics (headed by Prof. AN Aripov).

Hypertrophic cardiomyopathy (HCMC) was diagnosed 
in 45.2%, dilated cardiomyopathy (DCM) – in 42.3% and re-
strictive (RCMP) form – in 12.5% of children.

Results and discussion. Attention is drawn to the am-
biguous effect of circulatory insufficiency and hypoxia on the 
ability of children to produce TNF-α. So, if mild hypoxia is 
accompanied by a significant increase in the level of TNF-α 
in the blood serum, in the case of severe hypoxia in these chil-
dren, its level was reduced.

Table 1. – Comparative characteristics content in different stages of 
circulatory disorders in children with cardiomyopathies

Stages TNF-α, pg / ml IL –1, pg / ml IL-6, pg / ml IL-6, pg / ml
Control 27.3 ± 2.55 2.3 ± 0.5 6.0 ± 0.8 6.8 ± 0.7

DCM CD I ст. 12.6 ± 0.4*** 1.5  ±  0.3 6.8 ± 1.4 7.8 ± 1.1
DCM CD IIA ст. 11.5  ±  0.3*** 1.6 ± 0.4 21.7 ± 1.8*** 7.2 ± 0.9

DCM CD IIБ-III ст 6.9 ± 0.2*** 2.9 ± 0.2* 30.7 ± 4.3*** 9.8 ± 1.2
HCMP СD I ст. 11.9 ± 0.4*** 1.9 ± 0.4 9.88 ± 0.6*** 7.1 ± 0.4

HCMP CD IIA ст. 9.8 ± 0.4*** 2.8 ± 0.4* 14.75 ± 0.6*** 8.6 ± 0.7
Note: * – the differences with respect to the control group are significant (* – P < 0.05, ** – P < 0.01, *** – P < 0.001)
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The conducted immunogenetic studies indicated that if 
moderate hypoxia is accompanied by a significant increase in 
serum TNF-α level, then in the case of severe hypoxia in these 
children, its level was lowered.

With different degrees of circulatory failure, the level 
of TNF-α has its own characteristics. So, both in DCM and 
HCMP, the lower the level of TNF-α than the circulatory 
insufficiency. A more pronounced decrease in TNF-α is ob-
served with DCM NK IIB-III st. In a comparative aspect with 
CD1 st degree and IIA st. the level of TNF-α is significantly 
higher in children with DCM than in children with HCMP.

Comparative analysis of the content of anti-inflammato-
ry interleukins in patients with cardiomyopathies, revealed 
the existence of an interrelation between the level of cyto-
kines and the degree of circulatory disturbance, i. e. We ob-
served pronounced changes in the production of IL-1, IL-6 
and IL-8, depending on the stage of the CD.

A slight hyperproduction of TNF-α, IL-1 in patients 
with CD IIB-III st. with DCM and with CD II st. n IL-6 
and IL-8 in the stage of CD IIA st. and the expressed stage 
of CD IIB-III st. with DCM.

As we showed earlier, the increase in production of IL-1 and 
IL-6 may be one of the reasons for the increased synthesis of 
TNF-α in such patients. In this case, TNF-α can be considered 
as an autocrine accessory of myocardial dysfunction in hypoxic 
states. TNF-α, IL-1, IL-6 can play an important role in the realiza-
tion of hypercoagulation processes, disturbance of vascular tone 
regulation, and the formation of endothelial dysfunction [1, 2]. 
The reason for the increase in the content of these cytokines is 
systemic hypoxia and inflammatory syndrome, manifested in the 
last stages of heart failure with a deep microcirculation defect.

The correlation analysis of the serum content of the cyto-
kines studied showed a close correlation dependence of their 

concentrations on the degree of echocardiographic changes in 
the heart. In children with DCM, the degree of LV dilatation 
was determined from the level of IL-1 and IL-8: the final dia-
stolic size (CDR) of IL-1 concentration (KDR-IL-1, r = 0.52, 
p < 0.05); of the final diastolic volume (BWW) from the level 
of IL-8 (BDO-IL-8, r = 0.57, p < 0.05). An inverse relation-
ship was established between the parameter of the ejection 
fraction and IL-6 (r = –0.48). A decrease in the ratio of the 
amplitude of early and late LV filling (V1/V2), indicative of 
diastolic dysfunction, was also associated with an increase in 
the level of IL-8 (V1 / V2-IL-8, r = 0.59, p < 0.05). In patients 
with NK IIB-III st. The dependence of the content of troponin 
I on the concentration of IL-6 (r = 0.54, respectively, p < 0.05) 
was noted. The results obtained confirm that cytokines play an 
important role in the progression of heart failure. The severity 
of these shifts is determined by the degree of circulatory dis-
turbance, its duration, does not depend on the etiologic factor 
of heart failure and determines the prognosis of the disease.

Conclusions:
1. With CML in children, the greater the circulatory fail-

ure, the lower the level of TNF-α. A more pronounced de-
crease in TNF-α was observed with DCM DC IIB-III st.

2. In children with dilated cardiomyopathy, the degree of 
LV dilatation is directly related to the level of IL-1 and IL-8: the 
final diastolic size (CDR) of IL-1 concentration (KDR-IL-1, r = 
0.52); of the final diastolic volume (BWW) from the level of IL-8 
(BWO-IL-8, r = 0.57) and the inverse relationship between the 
parameter of the ejection fraction and IL-6, (r = –0.48).

3. The level of proinflammatory interleukins in patients 
with cardiomyopathies depends on the degree of circulatory 
disturbance and the production of IL-1, IL-6 and IL-8 varies 
depending on the stage of the ND.
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GENETIC PREDISPOSITION FOR PREGNANCY 
HYPERTENSIVE DISORDERS OF UZBEK WOMEN

Abstract: In this study was evaluated the association of AGT T704C polymorphisms with pregnancy hyperten-
sive disorders among Uzbek women. Two hundred and one women with PHDs and 110 age-matched controls were 
included in the study. Among 201 PHDs patients, 41 women were with chronic hypertension, 110 women with ges-
tational hypertension and 50 women with preeclampsia. The mutant heterozygous genotypes C/T were found more 
common in women with chronic hypertension. The homozygous mutant C/C genotypes of AGT polymorphism also 
were found common in preeclamsia patients compared to controls. In our study, we have found out predisposition 
to chronic hypertension and pre-eclampsia of AGT polymorphism, but not to gestational hypertension.

Keywords: pregnancy hypertensive disorders, chronic hypertension, gestational hypertension, preeclampsia, 
angiotensinogen, gene polymorphism.

Introduction. Pregnancy hypertensive disorders 
(PHDs), mainly including gestational hypertension (GH), 
pre-eclampsia (PE), severe pre-eclampsia and eclampsia, are 
a major contributor to maternal, fetal, and neonatal morbidity 
and mortality [1]. PHDs have been estimated to complicate 
5% of all pregnancies and 11% of first pregnancies, half as-
sociated with PE, and accounting for up to 40,000 maternal 
deaths annually [2]. Previous studies showed that PHDs were 
the cause of 16.1% of maternal deaths in developed countries, 
9.1% in Africa, 9.1% in Asia, and 25.7% in Latin America and 
the Caribbean, respectively [3].

Many risk factors (genetic, nutrition, immunologic, and 
infectious origins) and their pathologic mechanisms (abnor-
mal placentation, oxidative stress, and endothelial dysfunc-
tion) have been proposed, yet this disorder has remained as a 
‘‘disease of theories’ [4].

The renin-angiotensin-aldosterone system (RAAS) contrib-
utes to blood pressure regulation and body fluid through a series 
of enzymatic reactions induced by its primary components: re-
nin, angiotensinogen (AGT), angiotensin-converting enzyme 
(ACE), angiotensin I (ANG I), angiotensin II (ANG II), angio-
tensin a receptor type I (AT1R), and angiotensin receptor type 2 
(AT2R). In response to low blood pressure and low circulating 
sodium chloride, renin, synthesized and secreted by juxtaglo-
merular cells of the afferent renal arterioles, catalyzes the cleav-
age of AGT made in the liver to ANG I. This is the rate-limiting 
step of the renin– angiotensin system (RAS) cascade [5].

Angiotensinogen is an important component of the RAAS 
system, which is a powerful regulatory system with an effec-

tive influence on salt and water metabolism and blood pres-
sure. AGT is the precursor protein to angiotensin II, which 
plays a primary role in the regulation of blood pressure by the 
renin–angiotensin system [6]. The M235T angiotensinogen 
gene mutation is a single base pair substitution of thymine (T) 
with cytosine (C) at nucleotide 704 (T704C) in exon 2 of the 
angiotensinogen gene (chromosome 1q42–43), leading to the 
substitution of methionine with threonine at amino acid posi-
tion 235 in the pre proangiotensinogen molecule (M235T). 
In addition, T235 allele represents the mutant allele, while 
M235 allele represents the wild type [7, 8]. Jeunemaitre et 
al. showed that increased concentration of plasma or tissue 
angiotensinogen in women with variants of angiotensinogen, 
(for example M235T), can lead to increased baseline or reac-
tive production of angiotensin II, which is final effector hor-
mone of the RA system [8, 9].

In our study, we decided to evaluate the association of 
AGT T704C polymorphisms with PHDs among Uzbek 
women.

Methods. This was a case-control study that recruited 
patients from Republican Specialized Scientific and Practical 
Medical Center of Ob&Gy in Tashkent, Uzbekistan between 
June 2015 and June 2017. All patients were Uzbek nation-
als. For detection of gene polymorphism Q-PCR genotyping 
was done by DT-Prime 384. A 5 ml of venous blood sample 
was drawn in ethylene diamine tetra acid vials and DNA was 
extracted using phenol chloroform method. The genotype 
analysis was performed at the Scientific Research Institute of 
Immunology of the Republic of Uzbekistan.
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Two hundred and one women with PHDs and 110 age-
matched controls were included in the study. Among 201 
PHDs patients, 41 women were with chronic hypertension 
(CH), 110 women with GH and 50 women with PE. They 
are all were Uzbek nationals. CH was diagnosed as hyperten-
sion, which existed before pregnancy or appeared before 20 
weeks of gestation, without proteinuria. GH was classified as 
hypertension after 20 weeks of gestation, systolic blood pres-
sure 90 and more mm Hg and diastolic 140 mm Hg and more, 
24h proteinuria less than 0.3 g/L. PE was classed if one of the 
following were presented: blood pressure more than 140/90 
mm Hg, 24h proteinuria ≥ 0.3 g/L, cerebral or visual distur-
bances, epigastric or right upper quadrant pain, impaired liver 
function and thrombocytopenia.

Controls included normotensive women with normal 
pregnancy outcome. Women with concomitant diabetes, ges-
tational diabetes, with renal diseases and multiple pregnancies 
were excluded. A thorough medical, obstetric and menstrual 
history were taken, and general physical and obstetrical exami-
nation was carried out and recorded in the case questionnaire.

For statistical analysis, we performed chi-square test using 
SPSS software 13. The genotype and allele frequencies in the 
cases and controls were compared and a P-value < 0.05 was 
considered significant.

Results
The demographic and laboratory data of the patients in-

cluded in this study are shown in (Table1).

Table 1. – Demographic and laboratory features of patients

Characteristics CH
n = 41

GH
n = 110

PE
n = 50

Controls
n = 110

Age 28.9 ± 5.5 28.7 ± 4.4 28.11 ± 5.1 25 ± 5.1
Elevation of BP at gestational age 12.8 ± 5.16 31.7 ± 5 29.5 ± 8.1 -
GA at delivery 31.7 ± 9 37.24 ± 3 34.7 ± 3 38.2 ± 3
BMI 32.7 ± 4.1 32.9 ± 4.2 31.7 ± 4 30.7 ± 3.1
SBP (mm Hg) 150.8 ± 13.3 145.1 ± 9.7 150.8 ± 10 120.4 ± 10
DBP (mmHg) 99 ± 8 99.8 ± 11 101.2 ± 7.3 75.6 ± 7
Abdominal girth 105.4 ± 13.4 122.4 ± 7.8 105.7 ± 17.1 100.5 ± 9
Proteinuria/24h 0.03 ± 0.07 0.22 ± 0.06 1.43 ± 1.7 –
Infant birthweight 3017.95 ± 862 2981.52 ± 786.8 2140 ± 739 3369 ± 557
Apgar score 7.94 ± 2 7.59 ± 1.97 7.74 ± 2.1 8.2 ± 1.1

Information about parity, history and mode of delivery for 
CH, GH and PE groups are as follows: nulliparous were 24.4% 
vs 44.5% vs 52% respectively; uterine scar had 22% vs 23.6% 
vs 4% women respectively; normal delivery rates were 68.3% 
vs 56.3% and 14% respectively; C-section were performed to 
31.7% vs 43,6% vs 72% respectively; preterm labor were in 
17% vs 6.4% vs 60% cases respectively. In our study, hyper-
tension in history was more often for women who developed 
chronic hypertension compared to patients with GH and PE 

(29.3% vs 118% vs 4% respectively). This can indicate that 
women who had PE in her previous pregnancy can developed 
CH in following gestation. However, for further conclusions 
there is a need for extensive randomized controlled trials.

The genotype and allelic frequency data for all studied 
groups are given in (Table 2). The differences in genotype 
and allelic frequencies of polymorphisms for all groups were 
unpredic table.

Table 2. – Genotype and allelic distributions of the AGT (T704C) polymorphisms examined in the study

Groups
Allelic frequency Genotype frequency
C T C/C C/T T/T

n % n % n % n % n %
1. CH (n = 41) 49 59.76 33 40.24 14 34.15 21 51.22 6 14.63
2. GH (n = 110) 160 72.73 60 27.27 63 57.27 34 30.91 13 11.82
3. PE (n = 50) 88 88.0 12 12 39 78.0 10 20.0 1 2.0
4. Controls (n = 110) 172 78.2 48 21.8 71 64.5 30 27.3 9 8.2

The mutant heterozygous genotypes C/T were found 
more common in women with chronic hypertension (OR2.8, 
RR1.9, P-value 0.006), compared to controls, which was 
statistically significant. The same thing were observed with 

homozygous genotypes C/C in-group of CH compared to 
controls (OR0.3, RR0.5, P-value < 0.05). The mutant allele 
frequencies for AGT gene were also slightly higher in patients 
with CH, this was proven by statistical significance (OR2.4, 
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RR2.1, P-value 0.001). As to GH group, there was not found 
any differences either mutant or wild allelic and genotype dis-
tributions compared to controls. Moreover, the homozygous 
mutant C/C genotypes of AGT polymorphism also were 
found common in PE patients compared to controls, but this 
was not statistically significant (OR1.9, RR1.7, P-value 0.09).

In our study, we have found out predisposition to chronic 
hypertension and pre-eclampsia of AGT polymorphism, but 
not to gestational hypertension.

Discussions. We found that with T allele and C/T geno-
type of AGT (T704C) are almost 2 times more likely to de-
velop CH compared with normotensive pregnant women, 
and C/C genotype predispose to PE, but was not statisti-
cally proven. The studies performed by Song et al. in Chinese 
women [10], Radkov et al. [11], Bouba et al. [12] in North-
West Greece women and Afshariani et al. [9] in Iranian pre-
eclamptic women revealed an obvious association between 
AGT (M235T) gene and PE. These workers also found that 
TT genotype could be considered as high risk genotype for 
the development of PE. Zafarmand et al. [13] also reported 
that the allele T and TT genotype of AGT (M235T) were 
associated with elevated blood pressure during pregnancy in 
Dutch women. This finding contraindicates to ours, because 
we find correlation with C/C homozygous genotype and PE. 
In addition, Procopciuc et al. (2011) proved that the risk of 

preeclampsia increased significantly for women homozygous 
for Met235Thr AGT polymorphisms. Chengweng S. et al. 
also show that pregnant women carrying the TT genotype of 
the AGT gene are more at risk for development of PE. This 
is possibly because RAS in the local tissue can also generate 
angiotensin in addition to the classic circulation system [14]. 
The AGT gene, as part of the uterine spiral artery RAS, may be 
involved in spiral artery remodeling [15]. Therefore, the AGT 
gene may be a marker for PE pathophysiological changes, sug-
gesting that PE is genetically determined. A meta-analysis in-
volving 17 studies concluded that C allele homozygotes had 
a 1.62 times higher risk of developing PE [16]. In population-
based study of Zafarmand et. al. among women aged 49 to 70 
years, they found that individuals with the TT genotype were 
more likely to have had a history of elevated BP during preg-
nancy than those with the M genotype. Furthermore, under 
dominant and additive inheritance models, the AGT M235T 
polymorphism was associated with increased risk of BP eleva-
tion in pregnancy. The AGT T235T genotype may represent 
a genetic “susceptibility” for hypertensive disorders in preg-
nancy, chronic hypertension and atherosclerosis in later life 
[13]. Eventhough, our results controversial with the results of 
different researches, we can explain it that this may be national 
identity of Uzbek population. However, we clearly observed 
genetic predisposition for PHDs among Uzbek women.
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Actuality. Aplastic anemia (AA) is one of the most diffi-

cult problems of modern hematology. This is a rare and severe 
disease of the blood system with a high incidence of patients 
disability and mortality in 50–60%. Further studies of the dis-
ease development mechanisms and search for pathogenetic 
treatment are very actual [1]. Currently, the AA disease is 
named as an independent nosological unit and separated it 
from hypoplastic conditions, before it was considered as one 
pathology [7].

A characteristic feature of AA is the bone marrow hypo-
cellularity and global three-stage hematopoietic insufficiency. 
At the heart of aplasia, according to modern ideas, is direct or 
indirect damage to the stem cell [2].

Epidemiology. AA is a rare disease, incident rate is 5 cases 
per 1 million per year. There were registered 567 adult patients 
and 199 children under the age of 14 (25.9% of the total num-
ber of patients with AA) in the Scientific Research Institute of 
Hematology and Blood Transfusion (NIIG and PC), in 2016–
2017 were 557 hospital admissions. Among them women were 
in 41%, men – 59%. The main group of patients aged 18 to 36 
years. By spreading in the regions of the Republic of Uzbeki-
stan, residents in Andijan – 27%, Fergana-21%, Surkhandarya 
–13%, in the remaining regions from 1 to 5% [4].

Etiology. The etiology of aplastic anemia in 49.2–78.5% 
of cases remains unknown [2]. We conducted analysis of AA 
development in 136 patients, among them 67(49%) patients 
did not know, and did not assume the cause of their disease, 
18 patients (13.2%) associated their illness with a recent flu 
or cold with a fever, 15 (11%) patients received antiviral and 
antibacterial drugs for treatment. 28 (20%) patients recov-
ered from angina. The thyroiditis were detected in 11 (8%) 

female patients, 32 patients out of 136 suffered from a chronic 
form of rheumatoid arthritis, 12 of them received treatment 
with steroid and anti-inflammatory drugs during the last 6 
months. Also, 6 (4.5%) patients were diagnosed with type II 
diabetes mellitus. 11 (8%) patients with AA received regu-
lar therapy for hypertension, hypertension and 3 of them for 
myocardial infarction, these patients receive drugs from the 
group of statins, antihypertensive, ß-blockers and anticoagu-
lants. In 20% of patients (26 people), there was a history of 
iron deficiency anemia, which they suffered for a long time. 
28 (20.5%) of AA patients reported severe working condi-
tions associated with severe physical exertion, and 17 (12.5%) 
patients were associated with the use of chemical defoliants. 
Frequent stresses and increased nervousness in the work-
place were noted by 23 patients (17%). Five patients with a 
body mass index below 16, which indicates cachexia, and 16 
(11.7%) of patients reported irregular and malnutrition were 
identified on examination and questioning patients. Obesi-
ty II – III degree affects 7 patients with aplastic anemia [3].

The purpose of the work is to develop a new method for 
diagnosing aplastic anemia based on the cytokine status and 
hematopoietic factors investigation.

It is known that cytokines belong to the category of he-
matopoietic factors, as integral part of normal hematopoiesis. 
Depending on the influence on hematopoiesis, they are di-
vided into positive and negative regulators of hemopoiesis. 
A number of foreign authors have revealed a correlation be-
tween cytokine status disorders and the severity of hemato-
poietic depression. The investigation of hemopoietic factors 
is most relevant for diseases associated with hemopoiesis, to 
which, of course, aplastic anemia is attributed [6].
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Materials and methods. The research was carried out 
on the basis of the Research Institute of Hematology and 
Blood Transfusion of the Ministry of Health of the Republic 
of Uzbekistan, Tashkent. The substrate of the study was pe-
ripheral blood cells of 93 patients with severe form of AA aged 
from 18 to 60 years who were on treatment at the hemophilia 
center and the hematopoiesis depression of the institute. The 
severity of the disease was estimated according the set of he-
matological criteria developed by the international group for 
studying aplastic anemia [5]. In control group were 30 practi-
cally healthy people (blood donors) aged from 22 to 60 years.

The determination of the content of erythropoietin 
(EPO), interleukins I, III, VI, VIII, tumor necrosis factor 
(TNF) and interferon alpha (INF) in the blood of patients 
and the concentration of cytokines in blood samples were 
calculated from the optical density of the samples and com-
pared with the calibration standard. To determine EPO, 
TNF, IL-1,3,4,6,8, INF, reagents of Vector-BEST were used. 
The enzyme immunoassay device “MR-96A” made in China.

Results and discussion. Investigation of the EPO level 
in the blood serum of AA patients showed the large range of 
data from 210.0 to 1050.0 mIU/ml, no one patient had the 
factor below the normative indices. Consequently, patients 
with AA, in general, are characterized by a high level of EPO, 
which indicates the AA erythropoietin independence.

The spontaneous production of IL-1β in peripheral blood 
of AA patients was slightly increased (10.7 ± 5.0 pg/ml) in 
comparison with the norm, but it was not reliable (p > 0.05) 
by average statistical values.

The level of spontaneous production of another positive 
factor IL-6 was increased in 17 times in comparison with nor-
mal values (42.11 ± 9.49 pg/ml and 2.37 ± 0.2 pg/ml, respec-
tively). Spontaneous production of IL-8 in peripheral blood 
was in 13 times higher than control donors (47.24 ± 3.1 pg/ml 
and 3.61 ± 0.64 pg/ml, respectively, p < 0.001).

Thus, the indices of spontaneous production of IL-1β, 
IL-8 and IL-6, which in our patients were increased by more 
than 10 times, showed that aplasia of hematopoiesis in AA 
can not be caused by an inadequate synthesis of the positive 
hematopoietic factors we studied.

We studied as a negative regulators of hemopoiesis, 
TNF-α and INF-γ level. Spontaneous synthesis of INFcγ 
peripheral blood was almost 3 times higher than in control 
group – donors (9.15 ± 1.14 pg/ml and 3.33 ± 0.19 pg/ml, 

respectively). The other negative hematopoietic factor 
(TNF-α), as we found, was extremely 700 times higher 
than the average value for donors (14.02 ± 4.54 pg / ml and 
0.02 ± 0.003 pg/ml, respectively).

Spontaneous production of IL-4 in peripheral blood was 
comparable with the norm (> 0.05). IL-4 is a direct antagonist 
of TNF-α, and a pronounced inverse correlation was found 
between these two cytokines (r = –0.63). Therefore, in gen-
eral, given the AA hyperproduction of TNFα, we can say that 
the cells of the immune system in this disease synthesize an 
insufficient amount of antagonist negative factors IL-4.

Comparing the levels of spontaneous production of cy-
tokines in the control group of donors and in the group of pa-
tients showed, that normally the intensity of the production of 
positive factors of IL-6 and IL-8 prevailed over the synthesis 
of other cytokines in the peripheral blood.

Based on the studies, the following conclusions were 
drawn:

1. The level of EPO and production of peripheral blood 
mononuclear by positive hematopoietic factors: EPO, IL-1β, 
IL-8 and IL-6 in AA are elevated and do not have pathogenetic 
significance in the development of hematopoiesis;

2. Aplasia of hemopoiesis in this disease is due to the fact 
that peripheral blood mononuclear cells produce an extreme-
ly high amount of hematopoiesis inhibitory cytokine TNF-α 
and a high amount of INF-γ;

3. Cells of the immune system in AA synthesize an in-
adequate amount of IL-4 cytokine, which is an antagonist of 
inhibitory hematopoiesis of TNFα cytokine;

4. In patients with AA, the intensity of the synthesis of 
positive factors of IL-6 and IL-8 prevails over the synthesis 
of other cytokines, whereas in the synthesis of negative cyto-
kines TNFα predominates, which, apparently, causes severity 
of hematopoietic damage.

The conclusion. Thus, negative hematopoietic regulators 
(TNF-α and INF-γ) can significantly affect the spontaneous 
production of cytokines in patients with AA, based on a com-
parative analysis of the ability of peripheral blood mononuclear 
cells to produce hematopoietic factors-cytokines-a comprehen-
sive assessment of cytokine status disorders in patients with AA 
and the ratio of the main positive and negative regulators of 
hemopoiesis was established. The data obtained can be used in 
hematological practice and serve as a diagnostic criterion and a 
criterion for determining the severity of the disease
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Currently, dental prosthetic is one of the most popular ser-
vices. Removable denture prosthesis is one of these services.

Presently, the market of dental services offers a wide range 
of removable dentures made of different types of plastic. It is 
not uncommon even for an experienced dentist to have dif-
ficulties deciding what kind of removable denture to choose 
due to a variety of parameters that can be recommended to 
a patient.

As we know, a removable denture causes heavy irritation 
of mucous membrane, as well as other tissues of prosthetic 
bed. It can cause other negative effects; among them the most 

important are toxic, haptic, temperature and mechanical ir-
ritants.

The purpose of this article is examination of influence of 
denture basis, made of two different types of modern plastics, 
on atrophic changes in denture-supporting tissues and micro-
circulatory flow of prosthetic bed mucosa.

80 patients with complete absence of teeth with different 
degree atrophy of alveolar ridge were examined and treated.

In Group I, upper and lower jaw dentures were made (ny-
lon/silicone). Thin and flexible construction makes it most 
convenient to use.

Figure 1. Nylon/silicone denture In Group II, dentures were made from an improved 
acrylic plastic (Acry‑free) containing no methyl methacrylate monomer. Acrylic 

plastic dentures have significantly less flexibility than that of nylon dentals
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Figure 2. Acry‑free Denture

At the beginning of the prosthesis, gypsum control mod-
els were made on the basis of dental records, made with poly-
ester impression materials. Models were cast from heavy-duty 
gypsum. After 12 months of denture usage, for the follow-up 
examination, new dental records were made and new gyp-
sum models were cast. To determine the course of atrophic 
changes in the denture-supporting tissues and prosthetic bed 
mucosa, the height of the alveolar ridges was measured on the 
control models of the upper and lower jaws. Since atrophic 
changes almost do not affect the sutura palatina mediana, we 
used it as the starting lower reference point. The measure-
ments obtained at 12 points of the upper jaw and 12 points of 
the lower jaw in the models showed following average results: 
in the upper jaw, in Group I before denture delivery, the height 
was approximately – 8.76, in Group II – 8.67.

After 12 months, the following results were obtained: 
Group I – 7.80, Group II – 8.12; lower jaw before denture de-
livery, Group I – 7. 68, Group II – 7.82.

After 12 months, lower jaw: Group I – 6.70, Group II – 
6.75.

Consequently, the decrease in the height of the alveolar 
ridge in the first case was, 0.96 mm for the upper jaw, 1.16 mm 
for the lower jaw. (Nylon/silicone).

In the second case, 0.55 mm for the upper jaw, 1.07 mm 
for the lower jaw (Acry-free).

The acquired data allows for the conclusion, that atrophic 
changes in the denture-supporting tissues and prosthetic bed 
mucosa have maximal pronouncement under dentures made 
of advance translucent materials (Nylon/silicone).

With regard to the examination of microcirculation of 
gingiva, which reflects the functional state of the mucous 
membrane with complete loss of teeth before and after den-
ture delivery with fully removable dentures, we performed a 
clinical and function study and obtained the following results: 
patients with dentures made with the use of improved acrylic 
plastic (Acry-free), require less muscular effort to handle food 
and reduces the time of pressure on the alveolar processes. In 
addition, the patients can easily shift the chewing pressure. 
While the users of prostheses of softer plastic dentures (Nylon 
/ silicone), suffered increased muscular load and pressure on 
the alveolar ridges, which lead to reduction of the number of 
capillaries and insignificant hyperemia of the mucosa.

Conclusion: from all has been said it follows that the use 
of harder plastics in removable dental prosthetic slows down 
the processes of atrophy of hard tissues and hyperemia of the 
mucous membrane on the upper and lower jaw of patients.
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Abstract: Despite the wide range of modern medications, mycoses remain one of the most common diseases 
in the population, with a growth each year in the number of people suffering from this disease. While studying folk 
manuscripts and mediaeval medical handbooks, we have discovered interesting materials about the properties of 
plants containing tanning substances. It has been revealed that medicinal plants containing tanning substances exhibit 
antimycotic activity. Tanning substances abound in the nature of Georgia. They are contained in medicinal plants, 
fruits and vegetables. On the basis of a literary review we conducted research and prepared ointment. Microbiologi-
cal studies of the ointment have confirmed that medicinal plants containing tanning substances exhibit antimycotic 
activity. The ointment has exhibited a high antimycotic effect, and its studies are still going on. The existing standard 
and the normative documentation we have developed specified determining the content of tanning substances in 
the ointment by titration, in particular by the method of permanganometric titration. This is a labor-intensive and 
time-consuming method. Based on the study of data from literature, we made it necessary to modernize the spec-
trophotometric method for determining the content of tanning substances in medicinal plant raw materials for our 
antimycotic ointment.

The method of UV spectrophotometry that we have developed is effective, sensitive and simple as compared with 
the method of permanganometric titration.
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Introduction
Despite the wide range of modern medications, mycoses 

remain one of the most common diseases in the population, 
with a growth each year in the number of people suffering from 
this disease. According to World Health Organization, approxi-
mately 20% of the world population suffers from mycosis infec-
tions and the percentage is even higher in tropical and subtropi-
cal areas [1]. Scientists believe that, along with other reasons, 
this is caused by uncontrolled use of antibiotics, self-treatment 
with antimycotic  preparations of various groups, which results 
in lowering of human immunity and a further health complica-
tion [2,249–252]. In addition, despite the diversity of antimy-
cotic drugs, their use frequently does not lead to full recovery 
from this disease the elimination of a relapse.

While studying folk manuscripts and mediaeval medical 
handbooks, we have discovered interesting material about the 
properties of plants containing tanning substances. Tanning 
substances, tannins are the most common polyphenolic com-
pounds with a bitter taste, which are characterized by the high 
biological and pharmacological effects, such as carcinogen-

esis inhibition, and antiviral properties. Tanning substances 
abound in the nature of Georgia. They are contained in medic-
inal plants, fruits and vegetables. On the basis of a literature re-
view, we have undertaken studies and developed the ointment. 
Microbiological studies of the ointment have confirmed that 
medicinal plants containing tanning substances exhibit anti-
mycotic activity [3,77–81; 4,564; 5,179; 6,67–81; 7,240–241; 
8,205–215]. The ointment was developed within the grant 
for fundamental researches from Shota Rustaveli Georgian 
National Science Foundation FR/28 /8–403/13, and its 
standardization method was also developed. By this method, 
we determined the total content of tanning substances in this 
ointment, which is estimated at no less than 10%.

The ointment has exhibited a high antimycotic effect, and 
its studies are still going on. The existing standard and the nor-
mative documentation we have developed specified determin-
ing the content of tanning substances in the ointment by titra-
tion, in particular by the method of permanganometric titration 
[9]. This is a labor-intensive and time-consuming method. It 
had also become necessary to improve the existing standard.
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The European Pharmacopoeia describes the qualitative 
and quantitative determination of tannins in eight plant spe-
cies containing tanning substances by simple colored reac-
tions, using microscopic, chromato-detector and chemomet-
ric methods [10, 24].

Based on the study of data from literature [11, 413–415; 
12,190–193], we made it necessary to modernize the spec-
trophotometric method for determining the content of tan-
ning substances in medicinal plant raw materials for our an-
timycotic ointment, for which we produced validation of the 
ultra-violet spectrophotometric method for determining the 
content of tanning substances in medicinal plant raw materials 
[13, 176]. A comparison of the results obtained by spectro-
photometric method was carried out by method of perman-
ganometric titration.

Research subject and method
Research subject was 10 g of a multi-component oint-

ment. The base components per 10 g of base: distillated 
monoglycerides – 1.0 g; glyceril mono stearate – 4.0 g; glyc-
erin – 3.0 g; cetyl palmitate – 2.0 g; emulsifying wax – 6.0 g; 
hostacerine – 2.0 g; stearin – 6.0 g; paraffinic (perfume) oil – 
7.0 g; cacao oil – 6.0 g, sodium benzoate – 0.3 g; a 16% solu-
tion of dimexidum – 4.0 g; purified water – up to 100 g. 100 g 
of ointment contain 84.0 of base component and 16 grams of 
therapeutic agents, including plant extracts (the dense extracts 
of nut Corylus avellanta and tannin Cotinus Coggygria) and 
40% lactic acid, so that the total tannin content in the prepara-
tion should be no less than 10%.

Research method: UV spectrophotometry. The quanti-
tative content of tanning substances was determined using a 
“Shimadzu-UV-240” spectrophotometer.

Experimental part
Preparing experimental sample solution: we placed 2.0 g 

of ointment under study in the flask of 50 ml capacity, adding 
10 ml of distilled water, heated on water bath by boiling for 3 
minutes, and then we cooled and filtered it in a 100-ml mea-
suring flask with ground-stopper. We carried out this process 
three times. At the end, we washed the filter in 5 ml of hot 
distilled water 6 times until the negative reaction to tannin. 
After binding the obtained extracts, the volume of the flask 
was brought up to the mark with distilled water.

Preparing tanning standard sample solution: 0.0025 g of 
tannin standard sample reduced to a constant weight (100°– 
–105° C), we placed in the flask of 50 ml capacity. With a 

continuous mix, we added 50 ml of 70% ethyl alcohol. 2.5 ml 
of the obtained solution 25 we placed in a 25-ml measuring 
flask, the volume of the flask was brought up to the mark with 
70% ethyl alcohol.

Results and their discussion
5 ml of watery extract obtained from material under study 

(ointment), we placed in a 50-ml measuring flask and added 
70% ethyl alcohol up to the mark. 2.5 ml of this solution, we 
transferred into a 25-ml measuring flask and the volume was 
brought up to the mark with 70% ethyl alcohol. The optical 
density of the obtained solution was determined by a spectro-
photometer “Shimadzu-UV-240” at a wavelength of 275 nm as 
regard to 70% ethyl alcohol. The thickness of a sample holder 
layer is 10 mm. Simultaneously, we determined the optical den-
sity of a standard sample of tannin under the same conditions.

The total content of tanning substances was calculated 
by the formula:

x
D M
D M

%
,

,
%=

× × × ×
× × × ×

×
1 50 25 2 5

1 5 50 2 5
100

where
D – the optical density of a solution under study (ointment);
D1 – the optical density of a standard sample of tannin;
M – the weight of an ointment under study, g;
M1 –  the weight of a standard sample of tannin, g.
At the beginning of the research, we studied the quanti-

tative content of tanning substances in the antimycotic oint-
ment by the methods of UV spectrophotometry and perman-
ganometric titration. A comparison of the results obtained 
showed that both methods had yielded almost the same re-
sults (by I method – 10.29%, and by II method – 10.25%). 
thereafter, the studies were carried out by the method of UV 
spectrophotometry.

The research was conducted for the period of six months 
at certain intervals: 3–4 days a week. Each day, we ran a test 
3 times. To conduct a study, we used the ointment prepared 
at the beginning of the research (for the period of 6 months) 
and ointment samples prepared each week.

Statistical processing of the data obtained showed that 
the quantitative content of tanning substances in the oint-
ment samples prepared during the period of 6 months and in 
samples prepared each week, are identical, and complies with 
the requirement of the existing regulatory and technical docu-
mentation (standard – not less than 10%). The quantitative 
content of tanning substances in samples is given in (Table 1).

Table 1. – The quantitative content of tanning substances in the ointment

Sample
The content of tanning substances,% The average 

amountI month II month III month IV month V month VI month
Sample 1 10.2 10.15 10.15 10.15 10.2 10.15 10.17
Sample 2 10.2 10.1 10.3 10.1 10.2 10.1 10.17
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Sample 1 – the ointment first-prepared during the period 
of 6 months.

Sample 2 – the ointment prepared each week.
The table shows that the percentage of tanning substances 

in the ointment prepared during the period of 6 months re-
mains unchanged that is the indicator of its state.

Conclusions
Based on the data obtained, we can conclude that:
1. To determine the quantitative content of tanning 

substances in the antimycotic ointment, it is possible to use 
method of UV spectrophotometry;

2. The method of UV spectrophotometry is effective, 
sensitive and simple as compared with method of perman-
ganometric titration.
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THE IMPACT OF THE NEW MANAGEMENT FORM OF PERIODONTAL DISEASE 
TREATMENT ON QUALITY OF LIFE OF PATIENTS WITH GENERALIZED PERIODONTITIS

Abstract: Introduction of the new organizational form of interaction of dentists and internists in general hos-
pital to treatment periodontium diseases in somatic patients has led to higher self-assessment of oral health related 
quality of life by the patients with statistically significantly lower values of quality of life indicators before treatment 
(Р ≤ 0.01). These organizational actions have obviouslyled to improvement of quality and efficiency of the diagnostic 
and therapeutic process.It resulted instable remission of the inflammatory and destructive processes in the periodontal 
complexand it does not render any impact on the daily life of the patients and their social functioning.

Keywords: oral health, periodontal disease, oral health related quality of life.
Introduction
Inflammatory diseases of the periodontium lead in inci-

dence and prevalence among other kinds of oral pathology 
in somatic patients. They aggravate the course of underlying 
disease; reduce the values of indicators of oral health related 
quality of life (OHRQoL) [1, 2, 3]. Hence, OHRQoL is an 
integral part of general health and well-being and is recog-
nized by the WHO as an important segment of the Global 
Oral Health Program [4].

Periodontal diseases (PD) result in considerable decrease in 
dentition functionality. They are characterized by a long period 
of rehabilitation and lifelong care. A PD therapy is labor-consum-
ing and expensive; it requires participation of various experts. 
Therefore, PDs are not only a medical problem, but rather a social 
onethatexerts influence onpatient’s OHRQoL [5, 6].

To achieve a steady positive outcome of complex treat-
ment of chronic generalized periodontitis one should con-
sider OHRQoL evaluation made by the patient as it enables to 
monitor the condition of patients with generalized periodon-
titis, helps obtain the information on the physical, psychologi-
cal and social statusof both the definite patient and a group of 
patients to assess the efficiency of treatment [7].

Complex treatment, that includes new management 
forms, is a basis of the modern approach to rehabilitation 
of PD patients. Quality and efficiency of managerial actions 
directed at an increase in overall performance of the public 
health system are evaluated by their effect on life quality of 
patients.

To evaluateoral health in terms of its impact on OHRQoL 
it is necessary to apply special dental tests each of which is 
intended to measure frequency, intensity of anoral problem 
effect on functional, social and psychological well-being. Ef-

ficacy of application of the OHRQoL criteria for evaluation of 
PD treatment out comes using special questionnaires, namely 
the Oral Health Impact Profile (OHIP-14) that has good reli-
ability, validity and precision, has been proved by several stud-
ies [8, 9]. The method enables to estimate multicomponent 
characteristics of human life, i. e. physical, psychological and 
social functioning.

Research objective
The study was focused on the impact of the new manage-

ment form of PD treatment on OHRQoLof somatic patients.
Materials and methods
The patients treated at the 3rd hospital of the Tashkent 

Medical Academy in 2013 were asked to fill in the question-
naire. Since December 1, 2014, the new managerial-functional 
model of diagnosis, treatment, prevention and prophylactic 
medical surveillancehas been implemented at the hospital to 
reveal, in particular, PD patients. It includes inter disciplinary 
interaction of dentists and internistsas well as joint manage-
ment of PD patients.

The questionnaire was offered to 1.139 patients; 561 of 
them took part in the questioning before the introduction of 
the new management form and 578 after its introduction. All 
patients were examined by dentists prior to the beginning 
of the treatment at the hospital. The presence of generalized 
periodontal disease (GPD) was confirmed clinically and by 
x-ray examination. The study groups were formed randomly 
according to severity of GPD clinical manifestations.

In 2013, treatment of somatic patients with periodontal 
diseases was carried out according to their self-presentation 
and in 2014 the new managerial-functional model of treat-
ment was used. The respondents were distributed into iden-
tical groups by their social status, frequency of treatmentat 
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hospital, causes of admission to the hospital, distribution to 
hospital units. Prior to the research start, all patients signed 
the informed consent to participation in the research.

The ОНIР-14 questionnaire was used to determine these 
verities of the PD effect on functional, social and psychologi-
cal well-being of the respondents. The questionnaire contains 
14 questions on the periodontium condition effect one acting 
and food intake, problems in communicative and labor activ-
ity, general health status, etc. The evaluation of the patients’ 
OHRQoL was carried out prior to the start of the research, 
immediately after treatment and in 3 and 6 months after treat-
ment cessation. After explanation of the research purposes 
and problems, the respondents filled in the ОНIР-14 ques-
tionnaire independently.The answers to 14 questions were 
evaluated by five-score scale (1 – never, 2 – almost never, 3 – 

usually, 4 – frequently, 5 – very frequently). The more the sum 
of the scores (from 0 to 5) was, the more probable it was that 
the person was liable to periodontal diseases.The analysis of 
findings was made by standard methods of statistical process-
ing using Microsoft Excel and Statistic 6.0.

Results and discussion
The analysis of the obtained findings showed that all pa-

tients had OHRQoL disorders due to periodontal diseases.
When evaluating the OHRQoL indicators characterizing 

problems of eating and food intake, the following findings were 
obtained: deterioration of gustatory sensitivity made 3.25 ± 
± 0.11 (Р ≥ 0.05); difficulties in food intake: 2.88 ± 0.15–2.91 ±  
± 0.14 (Р ≥ 0.05); difficulties in food chewing: 3.08 ± 0.14– 
–2.99 ± 0.13 (Р ≥ 0.05), and the lack of food satisfaction: 
2.65 ± 0.12–2.71 ± 0.11 (Р ≥ 0.05) (Table 1).

Table 1. – OHRQoL indicators showing the problems innutrition and food intake

Period Year
Problems of food intake

Taste prob-
lems Pain Difficulties in 

eating
Difficulties in 

chewing
Poor food 

satisfaction

Before treatment 2013 3.15 ± 0.15 3.16 ± 0.15 2.88 ± 0.12 3.08 ± 0.14 2.65 ± 0.02
2014 3.17 ± 0.11 3.25 ± 0.11 2.91 ± 0.14 2.99 ± 0.13 2.71 ± 0.11

After treatment 2013 2.65 ± 0.07 2.73 ± 0.08 2.76 ± 0.11 2.85 ± 0.17 2.60 ± 0.11
2014 1.65 ± 0.06х 1.45 ± 0.07х 1.33 ± 0.10х 1.55 ± 0.13х 1.60 ± 0.07х

3 months later 2013 2.68 ± 0.11 3.03 ± 0.12 2.81 ± 0.13 3.41 ± 0.16 2.66 ± 0.12
2014 1.25 ± 0.05х 1.65 ± 0.06х 1.44 ± 0.07х 1.65 ± 0.07х 1.77 ± 0.08х

6 months later 2013 2.45 ± 0.09 2.81 ± 0.13 2.90 ± 0.14 2.65 ± 0.11 2.79 ± 0.12
2014 1.40 ± 0.05х 1.70 ± 0.08х 1.64 ± 0.05х 1.70 ± 0.06х 1.80 ± 0.07х

Note: – Р < 0.05 against the value before the treatment;
х– Р < 0.05 against the value in 2013

The intensity of OHRQoL deterioration due to commu-
nication problems appeared to be a little lower. As a whole, 
the most common complaints of the patients were caused by 
aesthetic defects, unpleasant breath from the mouth resulting 
in psychological discomfort, sense of internal tension, lack of 

self-control and irritability. The values of the OHRQoL indi-
cators related to communication problems ranged from 2.55 
± 0.11 to 2.70 ± 0.13. No statistically significant intergroup 
distinctions were found (Р ≥ 0.05) (Table 2).

Table 2. – OHRQoL indicators showing the problems in communication

Period Year
Communication problems

Shyness Difficulties in 
speaking Tension Troubles Irritability

Before treatment 2013 2.55 ± 0.11 2.65 ± 0.12 2.51 ± 0.11 2.67 ± 0.12 2.70 ± 0.13
2014 2.48 ± 0.10 2.59 ± 0.12 2.54 ± 0.11 2.62 ± 0.11 2.38 ± 0.12

After treatment 2013 2.62 ± 0.12 2.63 ± 0.10 2.64 ± 0.11 2.68 ± 0.13 2.62 ± 0.12
2014 1.22 ± 0.06 1.35 ± 0.05х 1.40 ± 0.04х 1.58 ± 0.07х 1.22 ± 0.06х

3 months later 2013 2.70 ± 0.10 2.60 ± 0.12 2.48 ± 0.11 2.61 ± 0.12 2.71 ± 0.13
2014 1.33 ± 0.04х 1.42 ± 0.06х 1.55 ± 0.05х 1.60 ± 0.07х 1.33 ± 0.05х

6 months later 2013 2.69 ± 0.08 2.54 ± 0.11 2.44 ± 0.12 2.77 ± 0.12 2.80 ± 0.13
2014 1.40 ± 0.06х 1.55 ± 0.07х 1.63 ± 0.08х 1.70 ± 0.06х 1.40 ± 0.05х

Note: – Р < 0.05 against the value before the treatment;
х– Р < 0.05 against the value in 2013
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The PD effect on behavior problems was manifested by 
complaints of difficulties at work, a decrease in quality of rest 
and low interest to life, reduction in quality of life. The val-
ues of some indicators related to the behavior problems were 

registered at the level of 2.21 ± 0.09–2.28 ± 0.12. No statisti-
cally significant intergroup distinctions were found (Р ≥ 0.05) 
(Table 3).

Table 3. – OHRQoL indicators showingbehavior problems

Period Year Behavior problems
Problems at work Bad rest Low interest to life Low QoL

Before treatment 2013 2.28 ± 0.12 2.00 ± 0.10 2.23 ± 0.11 2.20 ± 0.12
2014 2.25 ± 0.12 2.21 ± 0.11 1.21 ± 0.09 2.21 ± 0.11

After treatment 2013 2.20 ± 0.09 2.20 ± 0.10 2.16 ± 0.08 2.15 ± 0.07
2014 1.28 ± 0.05х 1.30 ± 0.06х 1.16 ± 0.04х 1.25 ± 0.05х

3 months later 2013 2.44 ± 0.12 2.22 ± 0.10 2.20 ± 0.11 2.31 ± 0.12
2014 1.32 ± 0.11х 1.40 ± 0.05х 1.20 ± 0.05х 1.30 ± 0.03х

6 months later 2013 2.35 ± 0.11 2.33 ± 0.12 2.30 ± 0.10 2.30 ± 0.11
2014 1.44 ± 0.04х 1.52 ± 0.07х 1.30 ± 0.05х 1.43 ± 0.06х

Note: – Р<0.05 against the value before the treatment;
х– Р < 0.05 against the value in 2013

Thus, prior to the initiation of the treatment, the indi-
cator values were approximately equal in both groups. The 
obtained findingssuggest negative impact of chronic general-
ized periodontitis on daily life of the patientsand their social 
functioning.

Uniformity of the groups’ enabledus to carry out the 
analysis of efficiency of introduction of the new managerial-
functional form of PD treatment on OHRQoL of patients 
with periodontitis and somatic pathology. The treatment of 
all patients gave the following outcomes: the acute process 
in the periodontium was stopped, pain and bleeding of gums 
decreased or disappeared completely, the unpleasant breath 
from the mouth disappeared or reduced, sensitivity of teeth 
decreased. The hygienic condition of the oral cavity improved 
the values of indicators of inflammation and destruction in the 
periodontium reduced. A higher clinical effect was obtained 
in 2014 (Р ≤ 0.01).

The comparison of the patients’ answers in 2013 and 
2014 showed that in 2014, i. e. after introduction of the new 
managerial form of interaction of dentists and internists, the 
patients assessed the dental diseases impaction the QoL af-
ter treatment as approaching one with all the values of the 
OHRQoL indicators statistically significantly lower the ones 
before the treatment (Р ≤ 0.01). It is obvious, that introduc-
tion of management actions has led to improvement of quality 
and efficiency of the medical-diagnostic process. Therefore, 
stable remission of inflammatory and destructive process in 
the periodontal complex was achieved and it does not deterio-

rate daily life of the patients and their social functioning. The 
OHRQoL self-assessment before introduction of the manage-
ment actions, i. e. in 2013, did not undergo essential changes 
(Р ≥ 0.05). It is necessary to stress that the OHRQoL assessed 
by the patients remained high in 2014 and during the follow-
up period (in 3 and 6 months after their discharge from the 
hospital; Р ≤ 0.01 and Р ≤ 0.01, respectively).

Conclusion
The analysis of the obtained findings shows the impor-

tance of the effect of the oral health status due to periodon-
tium diseases on the OHRQoL assessed by the patients with 
somatic pathology since it influences their self-perception 
and relations in society. High rates of PD prevalence (nearly 
100.0%), treatment needs (indicators of СРTN index com-
ponents: normal periodontium – 0.82; bleeding – 0.43; dental 
calculi – 0.85; periodontal pockets of 4–5 mm – 2.08; peri-
odontal pockets over 6 mm – 1.2; excluded sextants – 0.62) 
and absence of tendencies to the disease aggravation neces-
sitate improvement of managerial, preventive and medical 
interventions in the PD patients with somatic diseases.

Questioning PD patients to determine their OHRQoL af-
ter introduction of managerial, preventive and medical actions 
provides essential informationon condition of the periodon-
tium and general health. It also helps evaluate the dental care 
quality. The OHIP-14 questionnaire enables to find out prior-
ity problems in management of oral health care to the patient 
of general hospitals, improve interaction of dentists, internists 
and patients, and assess the patient’s response to treatment.
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THE PREVALENCE OF CHRONIC INFLAMMATORY DISEASES OF THE 
NOSE AND PARANASAL SINUSES IN PATIENTS WITH MYOCARDITIS

Abstract: The aim of this research was to study the prevalence of chronic inflammatory diseases of the nose and 
paranasal sinuses in patients with myocarditis. The material of this research was 186 patients with myocarditis. In 80 
patients of them have chronic inflammatory diseases of the nose and paranasal sinuses. These patients had a thorough 
anamnesis and carried out comprehensive clinical laboratory, endoscopic, radiographic and microbiological stud-
ies. The study showed that patients with myocarditis have chronic inflammatory diseases of the nose and paranasal 
sinuses, which in the future can aggravate the course of the inflammatory process in the myocardium.

Keywords: chronic rhinosinusitis, myocarditis, inflammatory process, paranasal sinuses.
The increasing number of patients with inflammatory dis-

eases of the paranasal sinuses causes significant expenditures 
in the public health system associated with modern technolo-
gies of treatment, as well as using a large number of expensive 
drugs [1]. The reasons for the increase in morbidity include 
anatomical and physiological features of the structure of the 
nose and paranasal sinuses, the complexity of the pathogen-
esis of the onset of chronic inflammatory diseases, as well as 
the increasing environmental burden on the upper respira-
tory tract [3]. In this regard, it is relevant to determine the 
appropriate methods for preoperative preparation of patients, 
surgical treatment and rational medication for chronic inflam-
matory diseases of the nose and paranasal sinuses [4].

Among the urgent problems of modern practical otorhi-
nolaryngology, the issues of increasing the efficiency of di-
agnosis and treatment of inflammatory diseases of the nose 
and paranasal sinuses occupy one of the leading positions [3].

In recent years, there has been a significant increase in 
the number of diseases of the nose and paranasal sinuses 
both in absolute figures and in percentage of the total num-
ber of ENT diseases [1, 5]. According to observations of 
some authors, over the past decade the number of cases of 
sinusitis per 1000 people has increased from 4.6 to 12.2. 
During this time, the number of patients with diseases of 
the nose and paranasal sinuses increased by 1.5-2% annually 
and reached 52.7% [3, 5].

Rhinosinusitis is an inflammation of the nasal mucosa 
and paranasal sinuses, which is almost always caused by sta-
sis of secretion and by the breakdown of the aeration of the 
paranasal sinuses. The starting point in the development of 
rhinosinusitis is usually a viral infection [4].

Annually 40 million people fall ill with infectious diseases, 
of which 90% are influenza and acute respiratory infections. 
Over the past 10-20 years, the incidence of myocarditis and 
pericarditis has increased significantly [8]. The proportion of 
noncoronogenic myocardial diseases accounted for 7 - 9% of 
all diseases of the cardiovascular system [2]. The existence 
of a direct connection between influenza and acute respira-
tory disease has been proved to develop with the subsequent 
chronic therapeutic pathology and serious medical complica-
tions [2]. It is considered possible to develop primary heart 
damage in acute infectious diseases [8], myocarditis and di-
lated cardiomyopathy in patients who underwent viral infec-
tion [8]. Of particular relevance is the study of the role of in-
flammatory diseases of the ENT organs in the onset of cardiac 
pathology, which are very often the cause of dystrophy of the 
heart muscle [2], myocarditis and rheumatism [8].

The number of rhinosinusogenic orbital and intracranial 
complications, often leading to disability or death of the pa-
tient, has not at least decreased at least [6, 7].

Violations of the function of the cardiovascular system 
can occur in about 80% of patients with various acute infec-
tious diseases [2, 8]. Most of them represent a natural func-
tional reaction of the body, complete independently, without 
additional special treatment. But some children develop 
rhythm disturbances, heart failure, often with a long pro-
tracted course, and sometimes with a risk of death.

Now it is known that any of the known pathogens can 
cause damage to the myocardium, including myocarditis [2]. 
Often, viruses that directly interact with cardiomyocytes, 
which lead to apoptosis of cells, become an etiological fac-
tor [8].
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According to the authors, rhinosinusitis significantly 
reduces the quality of life of people. In studying the general 
health status, patients with rhinosinusitis had significantly 
lower rates of pain sensitivity and social activity, sleep dis-
turbed, emotional state worsened (compared to patients with 
coronary insufficiency and chronic obstructive pulmonary 
diseases [9,10].

The solution of the problem of timely detection of dis-
eases of the ENT organs in patients with myocarditis and the 
development of effective methods of treatment is associated 
with an in-depth study of the pathogenetic mechanisms of 
their development and the search for highly informative di-
agnostic criteria [8]. Changing economic conditions and the 
introduction of new medical technologies into practice have 
necessitated a medical and economic justification for the rec-
ommended diagnostic methods and treatment and recovery 
measures [5].

The aim of this research was to study the prevalence of 
chronic inflammatory diseases of the nose and paranasal si-
nuses in patients with myocarditis.

The material of this research was 186 patients with myo-
carditis who were on inpatient treatment at the Republican 
Specialized Cardiology Center from 2015 to 2017. The age 
of the patients was from 18 to 70 years. The patients were 
divided into 2 groups. The first group consisted of 80 patients 
with chronic inflammatory diseases of the nose and paranasal 
sinuses. The second group consisted of 106 patients without 
pathology of the nose and paranasal sinuses. All patients had 
a thorough anamnesis and carried out comprehensive clini-
cal laboratory, endoscopic, radiographic and microbiological 
studies. The control group consisted of 50 healthy volunteers 
from the staff of the 2nd clinic of the Tashkent Medical Acad-
emy. Statistical processing of data was conducted using Mi-
crosoft Office 2016.

Results of the study and their discussion. The study of 
the anamnesis showed that chronic inflammatory diseases of 
the nose and paranasal sinuses in patients with myocarditis 
were more frequent at the age of 31-50 years. There was no 
gender difference.

Patients with chronic inflammatory diseases of the nose 
and paranasal sinuses often complained of obstruction of nasal 
breathing (91.25%), nasal discharge (78.75%), impaired smell 
(22.5%), subfebrile body temperature increase (71.25%), 
general weakness (52.5%). Also, patients often noted head-
aches (52.5%), more in the maxillary region.

In the study of anamnesis in 35% of patients with chronic 
inflammatory diseases of the nose and paranasal sinuses, as-
sociated pathologies were found, such as thyroid pathology 
(8.75%), migraine (6.25%), vegetovascular disease (5%), hy-
pertension (12.5%), allergic rhinitis (8.75%), gastritis (10%) 
and cholecystitis (17.5%).

On computer tomograms in all patients, various combi-
nations of paranasal sinuses involved in the pathological pro-
cess were revealed. In 20 patients (25%) isolated maxillary 
sinus lesions were detected, in 12 - defeat of the maxillary and 
ethmoid sinuses, in 12 - damage to the ethmoid and frontal 
sinuses, 16 patients with maxillary, etmoidal and sinus lesions. 
As shown in Table 1, in patients with myocarditis the inflam-
matory lesion of the maxillary sinus was more often noted. In 
15 patients, the curvature of the nasal septum was revealed, 
in 4 - hypertrophy of the lattice bulla, in 11 - hypertrophy of 
the inferior nasal concha.  

The results of endoscopic examination showed that all 
patients had hyperemia and swelling of the nasal mucosa, 38 
had a pathological discharge in the nose, 15 had a deviation of 
the nasal septum, 3 had hypertrophy of the process uncinatus, 
10 had hypertrophy of the inferior nasal concha, 4 patients - 
hypertrophy of the ethmoid bulla.

Table 1. – Involvement of the paranasal sinuses in the inflammatory process (computer tomography data)

Paranasal sinuses
Number of patients (n)

Total
Unilateral Bilateral

Maxillary sinus 20 18 38
Ethmoidal sinus 12 16 28
Frontal sinus 5 7 13
Sphenoid sinus 11 5 16

A microbiological study to study the contamination 
of the nasal cavity in patients with chronic inflammatory 
diseases of the nose and paranasal sinuses showed that a 
positive culture (56% of cases), Streptococcus epidemi-
didis (47% of cases), Staphylococcus aureus (36% of cas-
es) is most often sown from the nasal cavity. Also 22% of 
cases were determined by Streptococcus viridans, Esch-
erichia coli, Pseudomonas Aeruginosa, Proteus vulgaris, 

Haemophilus influenza, Klebsiella pneumonia and other 
bacteria. Also, mycological examination in 5% of cases re-
vealed fungi of the genus Candida, in 4% of cases, fungi of 
the genus Aspergilus.

Thus, it can be concluded that, on average, patients with 
myocarditis have chronic inflammatory diseases of the nose 
and paranasal sinuses, which in the future can aggravate the 
course of the inflammatory process in the myocardium.
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ANALYSIS OF POLYMORPHISM ASSOCIATION RS1107946 
COL1A1 GENE WITH RISK OF MYOPIA DEVELOPMENT

Abstract: The study of candidate genes confirms that short-sightedness is, in fact, so poly-physiological and com-
plex pathology that studies of individual candidate genes are unlikely to demonstrate the fullness of the interactions 
and relationships necessary to take into account the significance of most susceptibility genes for the development 
of this disease.
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As you know, myopia (H52.1) is widespread throughout 

the world the anomaly of refraction, representing a variety of 
refractive errors, resulting in significant social and socio-eco-
nomic problems [1, 2]. Over the past decade a much-expand-
ed understanding of the molecular biology of predetermining 
the error of refraction, which further confirms the assumption 
that shortsightedness is the result of a complex interaction 
between genetic predisposition and environmental exposure 
[4]. For many years in the world literature there are different 
opinions about whether the myopia predominantly genetic 
or caused by external factors [5, 6].

Double studies with identical (monozygotic) twins 
demonstrated greater consistency with the presence and 
severity of refractive error than in nonidentical (dysygotic) 
twins, which can be considered as confirmation of the im-
portance of genetic factors in the development of myopia 
[7, 8]. Similar studies of myopia have confirmed that heri-
tability at myopia reached 91%. Another confirmation of the 
importance of genetic factors in the origin and development 
of myopia can be observed associations between the power 
of refraction in parents and their children [9, 10]. Studies 
of patients with myopia, in which the traditional genetic 
analysis of the connections were carried out, revealed a num-
ber of potential loci for genes associated with myopia, but 

the etiological role of the so-called “causal” genes was not 
proven [11, 12]. In this regard, as genes associated with the 
development of myopia, first of all, the genes of collagens 
and genes of enzymes involved in the metabolism of colla-
gens are considered. Collagen is a protein that strengthens 
and supports many body tissues, including cartilage, bone, 
tendon, skin and sclera of the eye.

Purpose of the study. Determination of the associative 
relationship of polymorphism rs1107946 of the COL1A1 
gene in patients with myopia of the Uzbek population.

Material and methods of investigation. The survey 
group consisted of 237 people residing in the territory of 
Uzbekistan. In the group of conditionally healthy individu-
als who did not have a history of myopia, 137 people were 
included. The main group included 100 patients. The diag-
nosis of myopia was established on the basis of data obtained 
by clinical-ophthalmological (biomicroscopy, perimetry, au-
torefractometry) and instrumental research in the clinic of 
the Andijan State Medical Institute of the Ministry of Health 
of the Republic of Uzbekistan. The molecular-genetic part of 
this work was performed on the basis of the Department of 
Molecular Medicine and Cell Technologies of the Scientific 
Research Institute of Hematology and Blood Transfusion of 
the Ministry of Health of the Republic of Uzbekistan.
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The material for molecular genetic analysis was DNA 
samples isolated from peripheral venous blood leukocytes. 
DNA extraction was performed using the Ampli Prime Ribo-
prep DNA extraction kit (Nextbio LLC, Russia) in accordance 
with the instructions of the manufacturer. Determination of 
the concentration of the obtained nucleic acid preparation 
in the samples was carried out spectrophotometrically on 
a NanoDrop-2000 instrument (NanoDrop Technologies, 
USA). The polymorphism rs1107946 of the COL1A1 gene 
was tested on a Rotor Gene 6000 PCR amplifier (Corbett, 

Australia) using the “Sintol” test system (Russia) according 
to the manufacturer’s instructions.

The statistical processing of the results was carried out 
using a computer package of statistical programs “WINPEPI 
2016, Version 11.65”.

Results and discussion. Molecular genetic study in the 
control group showed that the detection rate of the minor 
allele A polymorphism rs1107946 of the COL1A1 gene was 
18.2%. The distribution of genotypes in the control and main 
groups corresponded to the Hardy-Weinberg equilibrium 
(PXB) (Table 2, 3).

Table 1. – The heterozygosity of the polymorphic variant rs1107946 of the COL1A1 gene in the study groups

Study groups n
Level

Coefficient of deviation D*heterozygosity
Hobs Hexp

Control group 137 0.277 0.298 –0.07
Main group 100 0.49 0.416 0.17
Notes: D* is the coefficient of relative deviation, Hobs is the observed heterozygosity. Hexp – expected heterozygosity

In the control group, relatively low gene diversity was 
revealed: the level of expected heterozygosity, Hexp, corre-
sponds to 0.298, where 0.2 < Hexp < 0.3. The coefficient D* 
takes negative values, which indicates a lack of heterozygotes, 

whose level corresponds to the optimal values (D * = –0.070). 
Among patients with myopia, in the presence of moderate 
heterozygosity Hexp = 0.41 (0.4 < Hexp < 0.5), a moderate 
excess of heterozygotes D* = 0.17 is shown.

Table 2. – Distribution of alleles and genotypes of polymorphism 
rs1107946 of the gene COL1A1 in the study groups

Study groups
Frequencies of alleles

HWE
Frequency of genotypes

С А С/С С/А А/А

Control group (n = 137) 0.82 0.18

The observed 0.679 0.277 0.044
Expected 0.668 0.298 0.033

χ2 0.276 0.202 0.453
∑ p и ∑ χ2 p = 0.410; χ2 = 0.678

Main group (n = 100) 0.71 0.30

The observed 0.46 0.49 0.05
Expected 0.497 0.416 0.087

χ2 0.276 1.32 1.57
∑ p и ∑ χ2 p = 0.205; χ2 = 3.17

In this case, theoretically, the expected frequency of distri-
bution of genotypes in the control group was – C/C = 0.668, 
C/A = 0.298, A/A = 0.033, and actually observed: C/C = 
 =0.679; C/A = 0.277; A / A = 0.044.

The data obtained in the main group of patients are also 
consistent with RXB, where ×2 = 0.41 and p = 0.68. The ex-
pected frequency of genotypes in this group was: C/C = 0.497; 
C/A = 0.416; A/A = 0.087, and the observed: C/C = 0.46; 
 C/A = 0.49; AA = 0.05.

Analysis of the prevalence of genotypes revealed that 
in the group of patients with myopia the prevalence of the 
C/C genotype is 46.0% (n = 46), the C/A genotype 49.0% 

(n = 49) and the A/A-5 genotype, 0% (n = 5), and in the 
population control group, the prevalence of the genotype 
is, respectively, 67.9% (n = 93), 27.7% (n = 38) and 4.4% 
(n = 6) (Table 3).

In the population sample of conditionally healthy indi-
viduals, the frequency of the major C allele is statistically sig-
nificantly higher than in the main group and is associated with 
a low risk of developing the disease (χ2 = 7.64; p = 0.0057;  
RR = 0.71; 95% CI: 0,58–0.89) (table 4).

For the T allele, the presence of a direct association with 
the carriage of this allele and the likelihood of the disease was 
shown (RR = 1.40, 95% CI: 1.13–1.74). In the main group for 
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the homozygous C/C genotype, a reduction in the risk of the 
disease is shown: RR = 0.60 (95% CI: 0.45–0.81), χ2 = 10.53; 
p = 0.0012, whereas genotypes with an unfavorable allele lead 
to a significantly increased risk: for heterozygotes of C/A it 

increases by 1.7 times (χ2 = 10.9, p = 0.001, RR = 1.70, 95% 
CI: 1.26–2.30), for homozygotes A / A – 1.37 times (χ2 = 0.25, 
p = 0.62, RR = 1.37, 95% CI: 0.69–2.74).

Table 3. – Frequency distribution of alleles and genotypes of polymorphisms 
of the gene COL1A1 in patient groups and controls

Group n
Frequencies of alleles Frequency of distribution of genotypes

C A C/C C/A A/A
n % n % n % n % n %

Myopia 100 141 70.5 59 29.5 46 46.0 49 49.0 5 5.0
Control group 137 224 81.8 50 18.2 93 67.9 38 27.7 6 4.4

Table 4. – Associative relationship between polymorphism rs1107946 of the 
gene COL1A1 and the risk of developing myopia (n = 100)

Alleles and geno-
types

Statistical difference
Relative risk Odds ratio χ2 Yat es corrected Chi-

square p-value
RR 95% CI: OR 95% CI:

С 0.71 0.58–0.89 0.53 0.35–0.82
7.64 0.0057

А 1.40 1.13–1.74 1.87 1.22–2.89
С/С 0.60 0.45–0.81 0.40 0.24–0.69 10.53 0.0012
С/А 1.70 1.26–2.30 2.61 1.50–4.53 10.91 0.001
А/А 1.37 0.69–2.74 1.68 0.49–5.81 0.25 0.62

In the main group, the chance of finding the C allele was 
statistically significantly lower in the group of patients: OR = 
0.53; 95% CI: 0.35–0.82; χ2 = 7.64; p = 0.0057, whereas the 
chance of finding the A allele increases more than 1.87 times 
(OR = 1.87, 95% CI: 1.22–2.89). The protective function of 
the C/C genotype has been revealed in relation to the risk of 
developing the disease: the frequency of this genotype is sta-
tistically significantly lower in the sample of patients (OR = 
=0.40, 95% CI: 0.24–0.69, χ2 = 10.53; p = 0,0012), whereas 
the unfavorable genotypes of C/T and T/T occur 2.6 and 
1.7 times more often in the patients of the main group than 
in the control group (OR = 2.61; 95% CI: 1.50–4, 53, and 
OR = 1.68, 95% CI: 0.49–5.81, respectively).

Distribution of genotypes rs1107946 in groups of people 
with medium degree myopia and high-grade myopia did not 
have statistically significant differences from those in the con-
trol group (p = 0.400 and p = 0.338).

The study of candidate genes confirms that short-sight-
edness is, in fact, so poly-physiological and complex pathol-
ogy that studies of individual candidate genes are unlikely to 
demonstrate the fullness of the interactions and relationships 
necessary to take into account the significance of most suscep-
tibility genes for the development of this disease.

Thus, the analysis of rs1107946 polymorphism of the 
COL1A1 gene allows us to draw the following conclusions:

1. The incidence of polymorphism rs1107946 of the 
COL1A1 gene of the minor A allele in patients with myopia 
in Uzbekistan was 30%.

2. A statistically significant association of the A allele 
and the heterozygous genotype C / A of polymorphism 
rs1107946 of the COL1A1 gene with the risk of myopia de-
velopment was revealed.

3. The presence of the C allele and the C / S genotype of 
the polymorphism rs1107946 of the COL1A1 gene lowers 
the risk of myopia development.
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Abstract: This article presents the study which aims to develop recommendations for improving treatment and 
preventive care for children of the first year of life on the basis of a comprehensive study of health and lifestyle. To 
achieve this goal, risk factors for morbidity and mortality in children in the first year of life were identified.
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Relevance. Children’s first year life mortality – one of the 

main demographic indicators of population health determin-
ing the genesis and labor potential of future generations of the 
country and being at the same time the important indicator of 
social and economic living conditions of society and quality of 
a medical care to women and children. Body height of a case 
rate, augmentation of a share of the children who are often 
ill in structure of a case rate in many countries, are bound by 
most of authors to changes of conditions and a way of life of 
families. The foundation of health is laid in the childhood. The 
child – difficult, multilateral, object of knowledge. He is very 
sensitive to external influences.

The world health organization defines the protection of 
children’s health from the moment of their birth (“a healthy 
start to life”) as one of the main problems [3].

Statistical monitoring of reproductive and perinatal health 
characteristics in Russia over 20 years revealed heterogeneity 
and inequality of parameters of population reproduction and 
health indicators of children born in these years [4].

Despite the undoubted positive changes in the system of 
mother and child health protection in recent years, the prob-
lem of “healthy start of life” remains extremely relevant. The 
decrease in the level of viability of the offspring at all stages of 
its development is primarily due to the extremely high level of 
pathology of pregnancy and childbirth.

In the Russian Federation, for example, there is a ten-
dency to increase in the incidence of young children, dete-
rioration of their physical and neuropsychological health. The 
leading causes are adverse socio-economic and environmental 
factors, as well as the deterioration of the health of parents and 
newborns. In these conditions, the preservation of the health 
of the offspring is a priority of social policy and a factor of 
national security of our country.

The effectiveness of disease prevention is largely determined 
by the allocation of the leading risk factors of social and hygienic 
nature and a comprehensive approach to solving problems. For 
the development of scientifically based recommendations for 

the improvement of young children it is necessary to establish 
relationships between their health indicators and modern socio-
hygienic, as well as medical and biological risk factors. However, 
the role of some of them in shaping the health of children in 
modern conditions is unclear, particularly in a metropolis.

The analysis of modern literature shows that the rational 
feeding of newborns and children of the first year of life re-
mains one of the main factors of health formation and is the 
leading section of preventive-the work of medical institutions 
[2]. At the same time, studies have not assessed the impact 
of breastfeeding on the development and health of the child 
during the first year of life.

The relevance of a research is caused also by the fact that 
children in the Republic of Uzbekistan make about a third of the 
population and of their health the future of the nation depends.

Purpose and research problems. The purpose of the real 
social and hygienic research is development of references on 
improvement of the treatment-and-prophylactic help to chil-
dren of the first year of life on the basis of complex studying of 
the state of health and an image of their life. For achievement 
of this purpose it is necessary to tap risk factors of a case rate 
and mortality of children of the first year of life. Approach to 
the choice of an object of a research is based on the known risk 
factors of a case rate and causes of death of children of the first 
year of life. As the number of these factors is very appreciable, 
it is necessary to survey on what of them expediently to lean 
at selection of the studied group of children for studying of 
influence of a way of life, the diagnosis on a case rate or causes 
of death of children.

Materials and methods. From our point of view, it is pos-
sible to approach their identification in two ways: by carrying 
out a retrospective research with use of an analytical method 
and by prospective studying of the risk groups selected taking 
into account the known factors.

Result and discussions. According to us, for selection 
surveyed groups for the purpose of perspective studying of 
influence of a way of life on health of children, it is possible to 
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use such factors as age of mother (up to 20 years), the body 
weight of the child at the birth (till 1500 g), sex of the child, 
sequence of the birth of the child.

Body height of a case rate, augmentation of a share of the 
children who are often ill in structure of a case rate in many 
countries, are bound by most of authors to changes of condi-
tions and a way of life of families. Studying of interaction of 
health and a way of life with use of the multifactorial analysis 
can make an essential contribution to development and to 
improvement of system of primary and secondary prophylaxis 
of children.

Comparison of risk factors of a case rate and mortality 
of children and their interaction as the reasons and the in-
vestigation at various approaches to the choice of an object 
a research will allow with sufficient reliability to define the 
most essential factors and their adverse combinations and to 
develop on this basis of the reference on primary prophylaxis 
of a case rate of children, and secondary prophylaxis of causes 
of death of children.

According to a research now the mortality of children of 
the first year of life in Uzbekistan makes 11,3 on 1000 live-
born. Following the results of 2015 the level of an infantile 
mortality in Uzbekistan was 11,4 cases on one thousand chil-
dren aged up to one year against 16,7 cases in 2002. Rate of de-
pression for the last half a year was 13%. At the same time from 
the states arising in the perinatal period 53,5% of newborns, 

died of illnesses of respiratory organs – 24,4%, of congenital 
anomalies – 10,2%, of infectious diseases and injuries – 5,6%.

Approaches to the choice of an object of a research for 
studying of a way of life on health of children of the first year 
of life can be various, and each approach according to us, ad-
vantage and disadvantages has a series. Elimination of these 
disadvantages can be promoted by a combination of separate 
approaches, each of which assumes the decision separate 
tasks. An integrated approach to the choice of an object of a 
research on opinion us, gives the chance to obtain more in-
formative data.

For development concrete references for family and treat-
ment and prevention facilities on formation and education of 
the healthy child it is necessary not only to tap risk factors of 
health of children, but also to carefully study the contingent 
of sick children and feature of work of out-patient and poly-
clinic and stationary institutions, interrelation, and continuity 
in performing primary and secondary prevention of a case rate 
of children by them.

Conclusions. Thus, integrated approach and use of the 
principles evidential medicine to studying of health of chil-
dren of the first year of life in interaction with factors of a 
way of life, will allow to receive, the most reliable data about 
the state of health and the influencing risk factors, to develop 
scientifically based references on primary and secondary pro-
phylaxis of diseases, causes of death of children of the first 
year of life.
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Abstract: Autorosette formation in peripheral blood in patients with peripheral artery disease was investigated. 
An association between rosette formation rate and necrosis area size was observed. Increase in auto-rosette number 
was accompanied with decline in red blood cell.
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Studies of recent years have shown [1] that neutro-

phils and monocytes of peripheral blood, interacting with 
erythrocytes, can form cellular associations – autorosettes. 
In healthy people in the vascular bed there are individual 
and, in patients with leukemia [2, 3, 4], anemia [5, 6], lep-
tospirosis [7], chronic intoxication with benzene-contain-
ing substances [8] – much more often. A relationship was 
found between the number of rosettes and the degree of 
severity [7] and the remission of the disease [2, 3, 4]. The 
mechanism of formation of autorosettes in peripheral blood 
is not clear, however, it is revealed that often this process 
is completed by the destruction of erythrocytes attached 
to the membrane of both neutrophil and monocyte. It is 
assumed that the process of endogenous autorosette forma-
tion (ARF) is a mechanism of elimination of altered, dam-
aged, old erythrocytes from the circulation system and with 
its expression is accompanied by a decrease in the number 
of erythrocytes and hemoglobin. In patients with periph-
eral artery disease (PAD) and, in particular, with critical 
limb ischemia (CLI) intravascular rosette formation was 
not previously studied.

Aim. To study the intensity and character of endogenous 
ARF in peripheral blood in patients with PAD.

Material and methods. This study included 58 patients 
with PAD. 21 (36.2%) patients had a IIB stage of CLI, 18 
patients (31%) – III stage of Fontaine classification and 19 
patients (32.7%) with IV stage of CLI. 40 patients (68.9%) 
were suffered from diabetes mellitus. The average age of the 
patients was 68 ± 3.6 years. In 88% of patients, dyslipidemia 
was detected. Arterial hypertension was diagnosed in 72%, 
and 40% of patients had a history of myocardial infarction. 
The diagnosis of the main nosological forms and their treat-
ment were established on the basis of the generally accepted 
criteria set forth in the relevant recommendations for the di-
agnosis and treatment of hypertension (AH) and coronary 

heart disease (CHD): ESC2017 and AHA / ACC2016 (diet, 
ACE inhibitors / ARB, beta -blockers, statins, preparations 
of acetylsalicylic acid, etc.). All patients were admitted with 
a capillary blood sampling. In blood smears (color accord-
ing to Romanovsky – Giemsa) were counted total number 
of leukocytes (L), the leukocyte formula was determined, 
rosette-forming cells. An autorosette was determined as a 
cellular association consisting of a neutrophil or monocyte 
with tightly attached to their surface by three and more eryth-
rocytes. Considered sockets with the destruction of erythro-
cytes – exocytic lysis (photo 1). Also in the peripheral blood 
the content of erythrocytes and hemoglobin was determined.

The control group (CG) comprised 30 healthy persons 
(men – 13, women – 17, average age – 47.5 ± 1.1 years).

The statistical processing of the material was carried out 
using the “Statistics 6.0” software package. When creating 
the database, the Microsoft Excel 2016 editor was used. The 
results are expressed as the mean (M) and its standard devia-
tion (g) for continuous values, the reliability factor (p) and 
as the percentage (percentage) for categorical variables (ie, 
describing qualitative features). Differences were considered 
significant at p < 0.05.

Results. As can be seen from the data given (Table 1), 
there were fixed single autorosettes (AR) in CG (0,41±0,05% 
of the total number of AR). Prevailed AR formed by neutro-
phils (79%), less often – monocytes (15%). In 49% of all 
revealed AR, lysis of erythrocytes was recorded. Content of 
erythrocytes and hemoglobin in peripheral blood was within 
physiological values.

In patients with IIB stage of PAD, the total number of 
leukocytes and the number of AR were greater than in the 
examined CG (p < 0.001). The percentage of neutrophilic, 
monocytic AR and autorosettes with exocytic lysis was the 
same (p > 0.05). Along with an increase in the absolute total 
number of AR and also autorosettes with lysis, a decrease in 



Section 11. Medicine

160

the number of erythrocytes and hemoglobin content was de-
tected in the peripheral blood of patients (p < 0.001).

In patients with III stage of PAD the total number of 
leukocytes and the number of AR were higher (in relation 
to the surveyed CG and patients with IIB stage (p < 0.001). 
The percentage of neutrophilic (82%), autorosettes with exo-
cytic lysis (51%) did not differ with the examined CG and 
patients with IIB stage. Reducing the number of erythrocytes 
was observed in relation to examined CG (p < 0.01), but, in 
comparison with IIB stage group their number was greater 
(p < 0.05), and the hemoglobin concentration is the same as 
in CG and above, compared with IIB stage group (p < 0.05). 

The number of monocytic AR (33%) was higher in compari-
son with all groups (p < 0.05).

In patients with IV stage of PAD the total number of leu-
kocytes and the number of AR were the highest (p <0.001). 
The percentage of neutrophilic (83%) and autorosettes 
with exocytic lysis (53%) did not differ with the examined 
all groups. The number of monocytic AR (19%) was lower 
in comparison with all PAD groups, but higher that in CG 
(p < 0.05). Reducing the number of erythrocytes was ob-
served in relation to examined CG (p < 0.01), and the hemo-
globin concentration is the same as in CG and stage III group, 
but above, compared with IIB group (p < 0.05).

Table 1. – The content of the total number of leukocytes, autorosettes (109, as a percentage 
of the total number of leukocytes); neutrophilic, monocytic and autorosettes with lysis (as a 
percentage of the total number of rosettes), erythrocytes and hemoglobin in the peripheral 

blood of healthy people (CG) and patients with different stages of PAD (M ± m)

Indicator
Observation group

Control group (n = 30) Stage IIB
(n = 21)

Stage III
(n = 18)

Stage IV
(n = 19)

Leukocytes 3.75 ± 0.16 7.8 ± 0.04 12.5 ± 0.07 14.2 ± 0.08

Autorosettes: – % 0.021 ± 0.11
0.41 ± 0.05

2.178 ± 0.03
15.5 ± 0.4

3.51 ± 0.02
24.1 ± 0.5

3.82 ± 0.02
27.3 ± 0.2

Neutrophilic –% 79.0 76.0 82.0 83.0
Monocytic -% 15.0 20.0 33.0 19.0
Autorosettes with lysis – % 49.0 51.0 51.0 53.0
Erythrocytes 4.3 ± 0.02 3.3 ± 0.02 3.5 ± 0.05 3.1 ± 0.04
Hemoglobin 131.0 ± 1.4 125.0 ± 0.6 130.0 ± 1.1 131.0 ± 1.2

 
Photo 1. Smear of peripheral blood of a patient with a PAD. In the center you can see a AR 

formed by a neutrophil, exocyte lysis of erythrocytes is observed. Zoom 7 × 90

Usually in peripheral blood of healthy people it was found 
single ARs, whereas in patients with PAD this phenomenon 

is registered much more often. In this case, in patients with 
CLI the maximum number of ARs is determined, that, prob-
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ably, is connected not only with the area of necrosis, but also 
with its dimensions. It can be assumed that their appearance 
is connected with an extensive focus of necrosis and an active 
inflammatory process in the limb. Perhaps in response to a 
large number of altered erythrocytes, the number of neutro-
phils and monocytes that form autorosettes increases. It was 
shown that in all examined patients the percentage of rosette-
forming neutrophils, as well as AR with erythrocyte lysis, does 
not have significant differences. An increase the monocytes 
level is observed, which is probably associated with the ac-
celeration of the inflammatory process. Decreasing of their 
quantity due to transformation them to macrophages. Along 

with an increase in the total number of AR and AR with lysis, 
a decrease of erythrocytes was noted in all patients with PAD. 
Hemoglobin level decrease in patients without tissue dam-
age is due to the fact that had a longer period of illness and 
medication intake. All this may indicate a prolonged continu-
ous presence of the ARF process with the destruction of red 
blood cells in the peripheral blood in patients with PAD. In 
addition, AR are cellular associations that are in the micro-
vascular system and this, possibly, interfere with blood flow, 
worsen microcirculation of blood, oxygenation of tissues and 
promote increased thrombogenesis.

This issue requires further research.
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DEPRESSIVE AND ANXIETY DISORDERS IN PATIENTS 
WITH DIABETIC FOOT SYNDROME

Abstract: All patients had type 2 diabetes mellitus (DM) with mean duration of 12.8 ± 8.69 years (Me 11.5; IQR7.0–
16.8) and mean DFS duration of 6.07 ± 4.78 years (Me 5.0; IQR2.0–10.0). Hamilton Depression Rating Scale (HDRS) 
was used to assess depressive symptomatology. Spielberger’s STAI (State – Trait Anxiety Inventory) was used to assess 
a person’s state anxiety. STAI indicated intermediate state anxiety (SA) in 20 (66.7%) of the examinees with DFS, high 
trait anxiety (TA) being found in 50%. Depressive disorders were diagnosed in 19 (63.3%) patients. Direct correlation 
between SA and TA in patients with DFS (r = 0.34; P < 0.05) was established; anxiety level being directly affected by 
duration of DM (r = 0.32; P < 0.05) and, to a greater degree, by the one of DFS (r = 0.41; P < 0.05). No correlation was 
found between glucose concentration and SA (r = 0.06; P > 0.05) or TA (r = 0.20; P > 0.05) or depressive symptom-
atology (r = 0.01; P > 0.05); HbA1c level correlating with TA (r = 0.43; P < 0.05), but not with SA (r = 0.11; P > 0.05) 
or depression (r = 0.24; P > 0.05). High TA was found in women more frequently (OR17.0; 95%CI 1.69–171.7; P = 
=0.02). Depression seemed independent either on DM duration (r = 0.06; P < 0.05), or on DFS duration (r = 0.17; P< 
< 0.05) or on DFS form (r = 0.19; P < 0.05).

Keywords: Diabetic foot syndrome, depressive and anxiety disorders.
Diabetes mellitus is a serious medical and social problem 

for public health systems worldwide. Bringing about early in-
capacitation it is a disorder of high social significance. For the 
last decade its prevalence has been growing at a fearful rate. 
According to WHO experts, there were 98.9 million diabet-
ics in 1989 worldwide, the value reaching 366 million people 
in 2011 and being predicted to rise to 552 million people by 
2030 (IDF, 2011). Type 2 diabetes mellitus is the prevailing 
form, accounting for 85–97% of all cases [1].

More than 70% of patients with diabetes mellitus are at risk 
to develop diabetic foot syndrome (DFS), the complication 
associated with frequency of non-traumatic low extremity am-
putations ranging from 40 to 70%, [4, 21]. The patients are in 
constant fear of gangrene and amputation. The amputation of 
itself is a potent negative psychological factor causing prolonged 
stress and accompanied by anxiodepressive disorders [1, 17].

Compromised psychoemotional state of diabetics sig-
nificantly affects clinical manifestations, progression and 
prognosis of the disease, considerably governing quality of 
life (QoL). In addition to QoL worsening, anxiety disorders 
hamper treatment of arterial hypertension in patients with 
DFS. Depressive disorders may thrice increase probability of 
lethal outcome in the patients [8, 9].

Thus, depressive and anxiety disorders in patients with 
diabetic foot syndrome press for their active identification and 
treatment. Numerous studies address depression in patients 

with DFS. Anxiety is known to precede depression in patients 
with type 2 diabetes mellitus, anxiety disorders without de-
pression occurring in 60% of the patients [3, 5, 7, 12].

Simson et al. registered moderate and severe depressive 
symptoms before treatment in 16.2% and 18% of patients 
with DFS, respectively. High and intermediate anxiety was ob-
served in 16.4% and 24.7% of the patients, respectively. A ret-
rospective cohort study recruiting 531,973 diabetic patients in 
2000–2004 demonstrated that in 33% of cases depression is 
associated with major amputations, but not with minor ones 
(Hazard Ratio (HR) 1.33; 95%CI 1.15–1.55 versus 1.01; 
95%CI 0.90–1.13).

Materials and methods. 30 patients with DFS (18 men, 
60.0% and 12, 40.0%) aged from 45 to 65 (mean age 63.8 ± 
6.31 years, Me 11.5; IQR61.0–67.5) hospitalized at the Dia-
betic Foot Department, Center for the Scientific and Clinical 
Study of Endocrinology within the period from January to 
July 2013 were asked to complete a questionnaire. All patients 
had type 2 diabetes mellitus (DM) with mean duration of 
12.8 ± 8.69 years (Me 11.5 years; IQR7.0–16.8) and mean 
DFS duration of 6.07 ± 4.78 years (Me 5.0; IQR2.0–10.0). 
Newly diagnosed DM and DFS were found in 1 (3.3%) 
and 8 (26.7%) patients, respectively. Neuropathic and neu-
roischemic forms of DFS were registered in 24 (80.0%) and 
6 (20.0%) patients, respectively. One third of the examinees 
(30.0%) had previously performed amputation of toes, feet 
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and lower leg in medical history. The patients were compa-
rable by age, body mass index (BMI) as well as by HbA1c 
and blood glucose level. All patients were under antihypergly-
cemic therapy. All patients came to the hospital in a state of 
subcompensation carbohydrate metabolism (HbA1c 8.53 ± 
± 1.77%, fasting and postprandial glucose 8.69 ± 2.44 and 
9.88 ± 2.71 mmol/l, respectively).

To assess anthropometric parameters for all patients BMI 
or Quetelet index was calculated. The ortho-toluidine method 
was used to measure blood glucose by means of testing kits 
(Lachema, Czech Republic). The colorimetric method was 
used to measure HbA1c.

Patients with diabetic foot syndrome and non-psychotic 
psychiatric disorders in compliance with F40-F42 diagnose 
codes as per ICD-10, giving consent to participate were included 
into the study. Presence of other carbohydrate metabolism dis-
orders besides type 2 DM, such as, DM due to genetic defects, 
pancreas and endocrine diseases, gestational diabetes as well as 
ischemic heart disease, chronic kidney disease, strokes and myo-
cardial infarctions in medical history were the exclusion criteria.

Hamilton Depression Rating Scale (HDRS, 1967) was used 
to assess depressive symptomatology. A score of 0–6 was consid-
ered normal with depressive symptoms absent. Scores of 7–16 
and 17–27 indicated mild and moderate depression, respective-
ly, severe depression being diagnosed with score higher than 27.

The Russian adaptation of Spielberger’s STAI (State – Trait 
Anxiety Inventory) by Khanin Yu.L. (1978) was used to assess a 
person’s state anxiety, that is, his/her anxiety level at the definite 
moment, and trait anxiety as his/her stable response. The level 
was considered low with score under 30; score ranging from 30 
to 45 indicated intermediate anxiety and the one more than 45 
characterized high level of anxiety [10].

All data was processed by means of a Microsoft Excel, 
STATISTICA 6 and BIOSTAT software packet. Logistic 
regression was used to calculate odds ratio (OR) and 95% 
confidence interval (CI). Statistical significance of differences 
between parameters was assessed by means of non-parametric 
χ2 test (Pearson’s criterion). Quantitative parameters are pre-
sented as M ± m as well as Median (Me) and 25th and 75th 
percentiles as Inter Quartile Range (IQR). Intergroup differ-
ences were considered significant at p < 0.05.

Results and discussion. STAI indicated intermediate 
state anxiety (SA) in 20 (66.7%) of our examinees with dia-
betic foot syndrome; high trait anxiety (TA) being found in 
50%. Depressive disorders were diagnosed in 19 (63.3%) pa-
tients; mild and moderate depression registered in 11 (36.7%) 
and 8 (26.6%), respectively. No symptoms were observed in 
11 patients (36.7%) (Fig.1).

State anxiety integrated assessment scored 39.3 ± 
± 8.12 (Me 40.0; IQR34.0–44.0). Intermediate and high 
trait anxiety was registered in 46.7% (n = 14) and 50.0% 
(n = 15) patients, respectively; mean value scored 44.2 ± 
± 10.4 (Me  45.0; IQR36.3–52.5). We have managed to 
establish direct correlation between SA and TA in pa-
tients with DFS (r = 0.34; P < 0.05); anxiety level being 
directly affected by duration of DM (r = 0.32; P < 0.05) 
and, to a greater degree, by the one of DFS (r = 0.41; 
P < 0.05). State anxiety declared itself in tension (10.0%) 
and unrest (43.3%); 23.3% of the examinees mentioned 
inner agitation, constraint and inability to relax as well as 
concerns over potential hypoglycemia and fainting, failure 
of attention.

 

Figure 1. Frequency of anxiety and depressive disorders in patients with DFS
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Trait anxiety manifests as apprehension of vari-
ous situations as threatening and dangerous ones di-
rectly correlating with HbA1c level. 56.6% of patients 
with DFS dreaded deterioration in their condition 
being in fear of the repeated amputations. Assessed by 
means of HDRS17 depression score ranged from 1 to 
24, total value of 11.5 ± 6.96 (Me  11.5; IQR5.0–17.5) 
 corresponding to mild depression.

Fisher et. al demonstrated that HbA1c level was associ-
ated with depression more significantly than with anxiety. 
There were twice more patients with the depression – anxiety 
combination than those with the disorders ad partem, anxiety 

preceding depression in 50% of cases and the reverse order 
being found in 30% [7].

We failed to find any correlation between glucose concen-
tration and SA (r = 0.06; P >  0.05) or TA (r = 0.20; P > 0.05) 
or depressive symptomatology (r = 0.01; P > 0.05). However, 
HbA1c level was found to correlate with TA (r = 0.43; P < 0.05), 
but not with SA (r = 0.11; P > 0.05) or depression (r = 0.24; 
P > 0.05). Anxiety disorders equifrequently occurred in wom-
en and men with DFS; low both SA (16.7%) and TA (5.6%) 
were typical of men, but high TA being found in women more 
frequently (OR17.0; 95% CI 1.69–171.7; P = 0.02) (Fig. 2).

 

Figure 2. Frequency of anxiety disorders in patients with DFS by sex

We failed to found any gender peculiarities in degree 
of depression. Thus, the mean value among men scored 
11.6 ± 6.61 (Me  12.0; IQR5.75–17.0) versus 11.7 ± 2.04 
(Me  9.0; IQR4.75–16.8; P = 0.98) among women. In ad-
dition, depression seemed independent either on DM du-
ration (r = 0.06; P < 0.05), or on DFS duration (r = 0.17; 
P < 0.05) or on DFS form (r = 0.19; P < 0.05).

Anxiety disorders in patients with DM are known to be 
determined by response to the disease, associating not only 
with diagnose, onset and progression of debilitating complica-
tions, but also with necessity of self-care, potential limitations 
and changes in regular style and quality of life [11]. Of 1096 
patients inquired in the frames of DIABASIS survey unrest, fear 
and spite were observed in 30%, 13% and 4%, respectively; 12% 
of the patients perceiving injustice in onset of the disease [14].

A component of psychoemotional stress, anxiety may 
provoke metabolic syndrome and insulin resistance, eventu-
ally resulting in type 2 DM [2, 16]. High trait anxiety is the 
evidence for self-doubt, effort to avoid critical situation and 
fear. Anxiodepressive disorders are conductive to higher risk of 
carbohydrate metabolism decompensation as well as to onset 

and progression of complications. Activation of hypothalamo-
pituitary-adrenal axis as well as extrinsic factors, facilitating re-
duction of patient compliance, are believed to underlie nega-
tive influence of affective disorders on blood glucose [7, 12]. 
Anxiodepressive disorders hamper reaching and maintaining 
prolonged DM compensation, worsening its prognosis. Un-
derestimation of the effect depression exerts on DM course as 
well as untimely diagnosis and psycho-pharmacotherapy result 
in efficiency of diabetes care quality [6, 13, 15].

Conclusions
We registered intermediate state anxiety in most patients 

with DFS (66.7%), intermediate and high trait anxiety being 
found in 46.7% and 50.0%, respectively. Depressive disorders 
were diagnosed in 63.6%, mild form prevailing. Direct relation-
ship was found between SA and TA levels (r = 0.34; P < 0.05); pos-
itive correlation being observed between DM duration (r = 0.32; 
P < 0.05), the one of DFS (r = 0.41; P < 0.05) and anxiety 
level as well as between HbA1c and TA (r = 0.43; P < 0.05). 
Degree of depressive disorders was found independent of 
DM duration (r = 0.06; P < 0.05), DFS duration (r = 0.17; 
P < 0.05) and DFS form (r = 0.19; P < 0.05).
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PECULIARITIES OF PEDOGRAPHIC PICTURE IN DIFFERENT 
FORMS OF DIABETIC STOP SYNDROME

Abstract: A comparative assessment of the parameters of plantar pressure between healthy individuals and pa-
tients with various forms of diabetic foot syndrome revealed a predominance of pressure in the metatarsal joints in 
conditions of a developing pathological condition. At the same time, the comparative disproportions in the middle 
foot zone revealed by us indicate the presence of plantar changes characteristic of the varus installation. In spite of 
the presence of an identical zone of the amputational surgery carried out (the finger zone), the data obtained have 
the opposite level of meanings. In other words, in the presence of a predominant level of plantar pressure in the 
anterior zone of the foot in patients suffering from amputation of II–V toes, amputation of only one, i. e. the toe of 
the foot, significantly alters the superiority of plantar pressure coordination. This, in turn, indicates the need for a 
differentiated approach to the decision to choose a rehabilitation option for patients depending on the type of surgi-
cal intervention performed.

Keywords. Diabetes mellitus, plantar pressure, diabetic foot.
At present, there is a significant increase in the number 

of patients with diabetes mellitus (DM) with a tendency to 
develop severe and sometimes fatal complications [1, 7].

In the 1990s, in some regions of Uzbekistan (in the Fergana, 
Syrdarya and Khorezm regions, and in the city of Tashkent), 
WHO staff conducted epidemiological studies. The analysis of 
the obtained data showed that the main risk factors for the devel-
opment of diabetes are socio-psychological reasons, insufficient 
awareness of patients and poor control of the disease, peripheral 
sensorimotor and autonomic neuropathy, chronic arterial insuf-
ficiency of the lower extremities, etc. One of the leading factors 
is also the unsatisfactory organization of primary health care and 
monitoring of patients with diabetes mellitus [5].

To date, the need for an integrated approach to the or-
ganization of special outpatient care for diabetics is already 
evident – these are diabetes centers or diabetes schools. Not 
only the doctor – the endocrinologist should resist this dis-
ease, but also the team – kyropadists, nutritionists, surgeons, 
etc. [6, 7]. An important attribute in the prevention of the 
development of purulent-necrotic complications of the dia-
betic foot syndrome is the carrying out of their prediction 
and, accordingly, prevention. One of these methods is to as-
sess the level of plantar pressure of the foot, allowing to make 
appropriate orthopedic corrections.

It is known that planography is one of the available 
methods for studying the foot, allowing, on the basis of a 
visual and graphical calculation of the various indices of the 
print, to indirectly judge the relative location of the foot sec-

tions, as well as the height of the inner longitudinal arch. 
Meanwhile, pedobarography is the most reliably informative 
and dynamical method of research, allowing the assessment 
of biomechanical changes in the foot. This method of re-
search is being constantly improved and enriched with new 
software options [1, 2, 3, 4, 5, 8].

It seems to us that a comparative assessment of the change 
in plantar foot pressure for different variants of the diabetic 
foot syndrome will allow us to determine the patterns of bio-
mechanical and structural transformations in the dynamics of 
the course of this disease.

Material and methods: 293 patients with various clinical 
and pathogenetic forms of the diabetic foot syndrome par-
ticipated in the studies. Prevalent were patients with a neuro-
pathic form of the diabetic foot syndrome (74.9%). The main 
contingent of patients was made by male patients (66.7%) 
aged 51 to 80 years. 98.1% of patients had type II diabetes 
mellitus.

With the presence of a full anatomical and functional state 
of the foot, 60% of patients were hospitalized in the center. 
In the remaining patients, the affected foot in the history was 
subjected to surgical intervention. Among them were: open-
ing of phlegmons of foot with necrectomy (22.4%), amputa-
tion of fingers or toe (17.6%), exarticulation of finger or toes 
(11.5%), amputation of fingers or toe with opening of phleg-
mon of foot and necrectomy (24.1%), exarticulation of the toe 
or toes with opening of phlegmon of the foot and necrectomy 
(17.9%), transmetatarsal foot amputation (6.4%).
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Planarography was used to determine the reference area 
index. The essence of the method was as follows: the plantar 
surface of the feet was stained with a gouache solution, or 
by another coloring indicator, and then the footprints were 
made on paper in a standing position on both legs. In the 
same position, the contour (projection) of the feet on the 
paper was simultaneously traced. Using a millimeter grid, 
the footprint was counted and correlated with the area of   
the foot projection.

Considering that the support surface of the foot has a 
distinct differentiation, in order to quantify the distribution 
of plantar pressure, we have identified 5 biomechanical zones 
with different functional and diagnostic criteria: A – the fin-
ger zone, B – the metatarsal zone, C and D – the zones of the 
median region, divided into the medial or spring (C) and lat-

eral support (D) parts, E – heel zone, which is the main axial 
support.

Pedobarography was performed using a F-scan (US) 
scanning device based on a computer evaluation of the plan-
tar pressure measurement data. Results and its discussion: 
The percentage of plantar load on the foot in healthy individu-
als confirmed well-known data on prevailing pressure in the 
anterior and posterior parts of the foot [Bregovsky VB, 2005; 
Bregovsky VB, 2006; Gorokhov SV, 2009]. The heel, being the 
main axial load of the foot in total with the middle part of the 
foot, exceeded the front limit, which consisted of the summa-
tion of the toe and metatarsal zones of the foot.

Dispersion analysis of the distribution of the plantar pres-
sure indices in the foot zones, we did not reveal any special 
deviations in the general trend (Fig. 1).

Figure 1. The nature of the distribution of peak values of plantar pressure in the examined healthy individuals

Peak values were recorded in relation to zone E (39.7 ± 0.5%) 
and to zone B (29.6 ± 0.2%). Almost in the same propor-
tions were the indices of zones A (12.5 ± 0.1%) and D (15.1 
± 0.2%). The lowest level of plantar pressure was noted by us 
in zone C (3.1 ± 0.1%).

The obtained data testified to the lack of any deviations in 
the parameters of the plankography from the healthy individu-
als surveyed by us.

Analysis of the level of plantar pressure in patients with dia-
betic foot syndrome not subjected to any surgical interventions 
in this area of   the limb revealed its increase. In particular, in the 
front zone, an increase was observed on average by 5.95 ± 0.05%, 
and in the middle zone by 0.85 ± 0.04%. Despite the integrity 
of the foot, as in patients with neuropathic and neuroischemic 
forms of the diabetic foot syndrome, the pedogeographical 
studies we conducted showed a decrease in the level of plantar 
pressure in the heel of the foot (by 6.8 ± 0.1%).

A separate analysis of the studied parameters among pa-
tients with neuropathic and with neuroischemic forms of the 
diabetic foot syndrome revealed the absence of any reliably 
significant comparative values. Almost identical values   were 
revealed by us in zones B, C and D. As for the remaining 
zones of the foot, it should be noted that in patients with a 
neuropathic form of the diabetic foot syndrome (in com-
parison with the neuroischemic form), the pressure level in 
zone A exceeded by 1.3% ± 0.08%, and in Zone E was lower 
by 1.4 ± 0.01%.

A study of the characteristics of the distribution of plantar 
pressure obtained during pedogra- phy showed that, in com-
parison with healthy persons, the maximum load in patients 
with various forms of diabetic foot syndrome falls on the fore-
foot (Figure 2.).
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Figure 2. Comparative distribution of peak values of plantar pressure in healthy 
individuals and in patients with various forms of diabetic foot syndrome

Figure 3. Comparative character of the distribution of peak values of plantar pressure in patients who 
underwent amputation of 1st finger and in patients who underwent II–V finger amputation in the anamnesis

This was expressed in large values of peak pres-
sures in this department, with the greatest burden on 
the B zone (32.25 ± 1.5%), which indicates a tendency 
to varus installation of the foot in patients with neuropa-
thy. The increase in plantar pressure in zone C (by 2.0 ± 
± 0.04%) was accompanied by a decrease in plant pressure 
in zone D (by 1.2 ± 0.03%), which also confirms the con-
clusions drawn above. The load in zone E also decreased in 
patients with various forms of diabetic foot syndrome (up to 
32.9 ± 1.1%, respectively), while in healthy individuals it 

was prevalent (39.7 ± 1.7%). Plantar pressure in patients 
with various forms of diabetic foot syndrome in a history of 
amputation of the first finger was characterized by the preva-
lence of values in the posterior zones of the foot. The peak 
value was noted by us in the zone E (41.7 ± 2.4%) which ex-
ceeded its value in comparison with patients with a complete 
foot (9.5 ± 0.89%). Almost at the same level were the values 
of zones B (26.4 ± 0.88%) and zones D (25.2 ± 0.71%). 
Almost 3 times the plantar pressure in zone A was reduced, 
which, apparently, was associated with the transferred type 
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of surgical intervention. The lowest level of plantar pressure 
was noted by us in zone C (2.1 ± 0.07%).

In contrast to the case described above, in patients who 
underwent an amputation of 2–5 toes of the foot, plantar 
pressure prevailed in the anterior part of the foot due to 
zones A and B (Figure 3.).

The total value of this indicator in zone A and B was 48.8 ± 
± 2.5%. In this case, if in zone A the level of plantar pressure 
was 12.4 ± 0.85%, in zone B it was almost 3 times greater 
than in the region of the fingers(36.4 ± 2.12%). An increase 
in the index of plantar pressure in zone C (by  2.5 times), 
compared to patients who had amputation of the 1st fin-
ger, was accompanied by a 2-fold decrease in zone D (from 
25.2 ± 0.71% to 12, 2 ± 0.55%, respectively). A decrease in 
the level of plantar pressure in the E zone was also detected 
(by 7.9 ± 0.58%).

In the study of the level of plantar pressure in patients 
who underwent amputation (exarticulation) of all toes in the 
anamnesis, changes were found that were not characteristic 
of previous cases. In particular, the level of plantar pressure in 
these patients was identical in all parts of the foot and ranged 
from 31.3 ± 3.47% (in the metatarsal zone) to 34.5 ± 2.87% 
(in  the heel zone). Another distinguishing feature of this 
change in the foot was the presence of high plantar pressure 
in the middle zone of the foot (34.2 ± 2.4%). This increase was 
significant in relation to all the subgroups studied.

The lion’s share of its composite was characterized by zone 
D (24.7 ± 1.1%). At the same time, the level of plantar pressure 

in zone C was also higher than in the other surveyed subgroups 
(9.5 ± 0.24%). This circumstance indicates specific transforma-
tions in the plantar structure of the limb support function under 
conditions of metatarsal amputation of the foot.

Сonclusions: Comparative analysis of the parameters of 
plantar pressure between patients with various forms of the 
diabetic foot syndrome revealed no significant deviations, 
which, accordingly, makes it possible to consider them in the 
summation.

A comparative assessment of the parameters of plantar 
pressure between healthy individuals and patients with vari-
ous forms of diabetic foot syndrome revealed a predominance 
of pressure in the metatarsal joints in conditions of a develop-
ing pathological condition. At the same time, the compara-
tive disproportions in the middle foot zone revealed by us 
indicate the presence of plantar changes characteristic of the 
varus installation.

In spite of the presence of an identical zone of the amputa-
tional surgery carried out (the finger zone), the data obtained 
have the opposite level of meanings. In other words, in the pres-
ence of a predominant level of plantar pressure in the anterior 
zone of the foot in patients suffering from amputation of II–V 
toes, amputation of only one, i. e. the toe of the foot, significantly 
alters the superiority of plantar pressure coordination. This, in 
turn, indicates the need for a differentiated approach to the de-
cision to choose a rehabilitation option for patients depending 
on the type of surgical intervention performed.
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COMPARATIVE EFFICACY OF PRASUGREL AND CLOPIDOGREL ON 
PLATELET HEMOSTASIS IN PATIENTS WITH DIABETES MELLITUS 

SUFFERING FROM A CRITICAL LOWER LIMB ISCHEMIA

Astract: Comparison of prasugrel and clopidogrel on inhibition of platelet aggregation in patients with diabetes 
mellitus, suffering from a critical lower limb ischemia is examined in the article.

Keywords: prasugrel, clopidogrel, platelet aggregation, peripheral arterial disease.
Diabetes mellitus is a growing problem worldwide, and 

in the United States it is associated with an obesity [1, 2]. 
Diabetes is a major risk factor for the development of athero-
sclerosis and diffuse calcification of peripheral arteries [3], 
leading ultimately to critical ischemia, and then to amputation 
of the lower limb [4]. The pathological process affects the en-
tire vascular system, especially the shin and foot arteries. The 
incidence of chronic arterial insufficiency (CHA) is from 3 
to 12% [5]. Depending on the severity of atherosclerotic le-
sions, clinical complaints vary greatly, from classical intermit-
tent claudication and the restriction of walking to ulceration 
or gangrene of the foot.

Therapy of peripheral artery disease (PAD) includes both 
medicamentous and endovascular treatment. Antithrombotic 
therapy is the cornerstone in this issue, and is aimed at reduc-
ing thrombotic complications.

Dual antiplatelet therapy (DAT), including a combina-
tion of acetylsalicylic acid (ASA) and clopidogrel, is recom-
mended for all patients undergoing revascularization of the 
lower extremity arteries [6].

Despite a wide choice of drugs aimed at the treatment 
and prevention of thrombotic complications, the frequency of 
amputation of the lower extremities in individuals with PAD 
is still at a high level. Thus, in one study, a comparison was 
made of the frequency of high amputations in patients with 
or without diabetes mellitus. A 12-month observation showed 
that in the group with diabetes, the percentage of amputations 
significantly prevailed (3.16% vs. 0.46% p < 0.001). In the 
subgroup of individuals with critical ischemia, the frequen-
cy of amputation significantly increased (6.30% vs. 2.47%,  
p = 0.003) compared to the subgroup, suffering only intermit-
tent claudication [7, 8].

A significant breakthrough in the treatment and preven-
tion of thrombotic complications was the development of an 
alternative blocker of P2Y12 receptor platelets – prasugrel. In 

currently studied doses, prasugrel inhibits platelet aggrega-
tion, adenosine-induced diphosphate is faster, more stable 
(reproducible) and to a greater extent than standard and even 
higher doses of clopidogrel, in both healthy and patients with 
coronary heart disease, including those who is subjected to 
percutaneous coronary interventions. When prasugrel and 
clopidogrel were compared in a second phase trial, patients 
who underwent urgent or “scheduled” percutaneous coronary 
interventions ( JUMBO) showed a tendency toward a lower 
incidence of ischemic events in prasugrel with an acceptable 
safety profile.

Pharmacodynamical studies have shown that the degree 
of platelet aggregation achieved within 30 min after taking pra-
sugrel is close to the peak effect of clopidogrel 6 hours after its 
administration [7, 8].

Aim. To compare the effectiveness of prasugrel and clopi-
dogrel on adenosine diphosphate (ADP) – induced platelet 
aggregation in patients with diabetes mellitus suffering from 
a critical lower limb ischemia.

Material and methods. Subjects of the study were pa-
tients (n = 50) with diabetes mellitus (DM) having signs of 
chronic arterial insufficiency of the lower limbs. To achieve 
the goal of the study, a choice was made (50 patients suffer-
ing from PAD) with separation into two groups of 25 people 
(in group C was used clopidogrel and in group P – prasugrel 
as part of DAT). Both groups were comparable in age, sever-
ity of peripheral arterial lesions (according to the Fontaine-
Pokrovsky classification) and the lesion segment (according 
to the dopplerography of the arteries of the lower extremi-
ties). Exclusion criteria (acute myocardial infarction, acute 
disturbance of cerebral circulation, ketoacidosis, terminal 
stage of renal failure, erosive diseases of the gastrointestinal 
tract). The diagnosis of the main nosological forms and their 
treatment were established on the basis of the generally ac-
cepted criteria set forth in the relevant recommendations for 
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the diagnosis and treatment of hypertension (AH) and coro-
nary heart disease (CHD): ESC2017 and AHA / ACC2016 
(diet, ACE inhibitors / ARB, beta -blockers, statins, prepa-
rations of acetylsalicylic acid, etc.). The average age of the 
patients was 65 years. In 86% of patients, dyslipidemia was 
detected. AH was diagnosed in 76%, and 22% of patients 
had a history of myocardial infarction. In the overwhelming 
majority of cases (n = 30), the severity of the lesions of the 
arteries of the lower extremities corresponded to the 3rd 
stage of the Fontaine-Pokrovsky classification (Table 1). In 
group C, a loading dose (LD) of clopidogrel 600 mg / single 
was applied with the transition to a maintenance dose (MD) 
of 75 mg / day. In group P, the LD of prasugrel was 60 mg / 
single with the transition to a maintenance dose of 10 mg / 
day. The observation period was 7 days. Aggregation activ-
ity of thrombocytes was evaluated 0, 4, 24 hours and after 
7 days on the platelet aggregation analyzer LA 230 (Biola 
LLC, Russia). Blood sampling was collected from an ante-
cubital vein into citrated tubes.

The statistical processing of the material was carried out 
using the “Statistics 6.0” software package. When creating 
the database, the Microsoft Excel 2016 editor was used. The 
results are expressed as the mean (M) and its standard devia-
tion (g) for continuous values, the reliability factor (p) and 
as the percentage (percentage) for categorical variables (ie, 
describing qualitative features). Differences were considered 
significant at p < 0.05.

Results. 4 hours after taking the LD in group P, there was 
a significant decrease in platelet aggregation activity in com-
parison with that of group C (86.7% vs 29.5%, p < 0.0001). 
After 24 hours of taking MD of clopidogrel and prasugrel, 
the aggregation ability in group C decreased to 58.6%, and in 
group P, the degree of aggregation inhibition reached 89.8% 
(p < 0.0001). Seven days later, in the presence of MD of thi-
enopyridine in both groups, there was some leveling of the 

inhibition of aggregation, but with a significantly more signifi-
cant effect in group P (72.6% vs. 60.4%, p < 0.0001) (Fig. 1). 
When 5.0 μM of ADP was added to blood samples (before 
taking thienopyridines), the platelet aggregation activity in 
both groups did not differ significantly. However, after taking 
the LD (after 4 hours), the degree of maximal aggregation 
(MA) in group P was significantly lower, compared with the 
group C (25.7% vs 62.4%, p < 0.0001). After 24 hours MA 
in group C continued to prevail over that in the group P. 7 
days later, the degree of MA in group C remained significantly 
higher (44.8% vs. 32.1%, p < 0.0001) (Fig. 2).

Table 1. – Baseline characteristics

Age (years), mean ± SD 65.3 ± 4.2
Body mass index (kg/m2), mean ± SD 30.7 ± 4.8

Current smoker 15(30.0)
Cardiovascular history, n (%)

Congestive heart failure 9(18)
Hypertension 38(76)

Hypercholesterolaemia 43(86)
Prior myocardial infarction 11(22)

Duration of type 2 DM (years), mean 
± SD 9.3 ± 4.5

Antihyperglycaemic medication, n (%)
Insulin 13(26.0)

Non-insulin 37(74)
Stage of the Fontaine Classification, n (%)

IIB 10(20)
III 30(60)
IV 10(20)

Arterial lesion by segment, n (%)
Femoral-popliteal segment 18(36)

Tibial segment 32(64)

Figure 1. Degree of suppression of platelet aggregation in both groups
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Figure 2. The degree of maximum (ADP induced) platelet aggregation in both groups

Conclusions. The admission of prasugrel in DAT with 
acetylsalicylic acid in patients with DM suffering from lower 
limb ischemia led to a more rapid and pronounced inhibi-
tion of platelet activity. These findings may explain the clinical 
benefit observed with the appointment of prasugrel in patients 

with critical ischemia of the lower extremities. The more rapid 
and persistent disaggregation effect of prasugrel allows to re-
duce preoperative preparation period (for endovascular treat-
ment) and to “prevent” various thrombogenic complications 
that quite often occur in patients with DM.
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AGE FEATURES OF CHRONIC CEREBROVASCULAR INSUFFICIENCY 
IN SOME FORMS OF DYSPLASIA OF CEREBRAL ARTERIES

Abstract
Background: The aim of this study was to elucidate the age features of chronic cerebrovascular insufficiency 

(CCVI) in patients with different forms of dysplasia of cerebral arteries. In addition, gender features were analyzed.
Methods: We examined 61 patients, of them 20 were young (mean age 32.1±2.0 years). The control group 

consisted of 41 patients of middle and old age (mean age – 57.7±0.74 years). Features of clinical and neurological 
symptoms in different age groups were studied using paraclinical diagnostic methods, which helped to assess neuro-
logical symptoms to determine varieties of cerebral arteries lesions, depending on age.

Results: Hemodynamically significant changes were observed in hypo- or aplasias, but more often in deforma-
tions in the form of vessel inflexion at an acute angle. What is more, we observed a combination of pathological 
deformity (PD) and stenosis that further contributes to the development of CCVI of various degrees of severity.

Conclusions: Young adult patients were more likely to develop migraine-like headaches, especially men, whereas 
motor disorders, numbness in the limbs, and dizziness were typical signs for patients of middle and elderly age. 
Angiodysplasias in the form of hypo- or aplasias without PD in the internal carotid artery (ICA), which were often 
asymptomatic and had an innate nature, were observed in the young patients. PDs of ICA were noted in patients of 
middle and elderly age, who had stages III and IV of CCVI; they developed throughout the life on the background 
of hypertension, atherosclerosis and other vascular diseases.

Keywords: chronic cerebrovascular insufficiency; dysplasia of cerebral arteries; age features; diagnosis.
Introduction
Chronic cerebrovascular insufficiency (CCVI) is de-

fined as a special form of vascular cerebral pathology caused 
by slowly progressive diffuse insufficiency of blood supply to 
the brain tissue, resulting in deterioration of brain function-
ing [7]. According to several researchers [2, 10, 13, 14], to 
date, cerebrovascular diseases remain relevant because of their 
rejuvenation, life-threatening serious complications such as 
stroke, which in turn leads to profound disability of patients 
with a sharp deterioration of quality of their life. Anatomi-
cal variations of the internal carotid artery (ICA) are diverse. 
Anomalies in their geometry and pathways are usually identi-
fied by ultrasound and angiography.

Neuroimaging studies play an important role in the diag-
nosis of existing symptoms of vascular nature: they include X-
ray computed tomography scan or, more preferably, magnetic 
resonance imaging of the brain, which provides visualization 
of consequences of acute cerebrovascular disorders and dif-
fuse changes in white matter (leukoaraiosis). The presence 
of these changes confirms a vascular nature of brain lesions 

[5, 8, 9]. Pathology of the magisterial cerebral vessels is one of 
the most common risk factors for CCVI [6, 13]. Thus, patho-
logical deformation (PD) of ICA is the second cause of de-
velopment of cerebrovascular insufficiency (ischemic strokes) 
[7, 10], wherein concomitant arterial hypertension in patients 
increases the risk of transient ischemic attacks (TIA) [15]. 
The unclosed Willis circle, which is a serious anomaly, is of 
particular importance in the occurrence of various types of 
cerebral circulation disorders. The anatomical disconnection 
of the circle of Willis anteriorly is determined in 3–4% of cases 
that is significantly lower than posteriorly, which is 6.8–25% 
[12]. In turn, the Willis circle is considered as a powerful col-
lector that provides the distribution of blood in the brain. It 
has been reported that the incidence of “early” atherosclero-
sis increases in patients younger than 40 years [3]. Neuro-
logical symptoms of cerebrovascular insufficiency manifest 
themselves as pathological tortuosity of the carotid arteries, 
affecting up to 16% of subjects studied [11]. However, the 
clinical manifestations of crimps and stenosis in ICA are iden-
tical [12]. PD of ICA is associated with various pathologies of 
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vertebral arteries like their PD and hypoplasia in both children 
and adults [4]. The linear blood flow velocity and wall shear 
stress in ICA decreases with age, reducing to the elderly age 
by 45–50%, in comparison with the period of early childhood. 
In 40% of patients less than 40 years, PD of ICA can lead to 
cerebrovascular insufficiency. Therefore, the evaluation of 
neurological symptoms to determine the types of lesions of 
cerebral arteries, depending on age, is the urgent task.

Methods
A total 61 patients were examined. Of them, 20 patients 

were young age from 19 to 45 years; mean age 32.1 ± 2.0 years. 
The control group consisted of 41 patients of middle and old 
age from 46 to 75 years; mean age – 57.7 ± 0.74 years. Neuro-
logical symptoms were assessed through MRI of the brain in 

angioregimen and duplex scanning of brachiocephalic vessels. 
Duplex study was performed in 50 patients, MRI-angioreg-
imen in 21 patients, and 25 patients underwent MSCT an-
giography. 34 patients underwent reconstructive surgery for 
pathological tortuosity of extracranial arteries. In other cases, 
patients underwent conservative treatment, which included 
antioxidants, metabolics, blood rheology improving agents, 
and cerebroprotectors. In 22 (69%) cases, pathological ex-
cesses of carotid arteries were combined with their stenosis. 
In the main group, men were 13 (65%) (mean age 33.2 ± 1.8 
years) and women were 7 (35%) (mean age 31.2 ± 1.0 years). 
In the control group of patients, men were 18 (44%) (mean 
age 59.8±1.2 years) and women were 23 (56%) (mean age 
56 ± 0.89 years) (Figure 1).

Figure 1. Age and gender gradation of patients with chronic cerebrovascular insufficiency

Statistical processing of the results obtained was carried 
out on standard programs of “Microsoft Excel-2007” analysis 
package, using indicators of evidence-based medicine (OR – 
relative risk, *P – Fisher exact test). The correspondence of 
numerical data to the normal distribution was evaluated. 
There were determined the selective arithmetic mean – M; 
the selective mean standard error (deviation) – m; the results 
are presented by M ± m. For the analysis of statistically sig-
nificant differences between the qualitative features was used 
Pearson’s chi-squared test (χ2).

Results. When using the declared diagnostic methods 
of investigation, pathological tortuosity in the form of loop 
formation was found only in 1(3%) patients of the control 
group (Table 1). The incidence of inflexion at an acute an-
gle was found in 6(43%) patients of the main group and in  
15 (44%) patients of the control group. 2(14%) patients of the 
main group and 9 (26%) patients in the control group had S- 
and C-shaped crimps. It should be also noted that in patients 
of the control group in 22 (65%) cases, PD was combined 
with stenosis.

Table 1. – Findings of MRI in angioregimen and MSCT angiography for 
determination varieties of cerebral arteries lesions, depending on age

Findings of MRI in angioregimen n=21 Main group 
Young age

Control group Middle 
and old age

1 2 3
Hypoplasia of intracranial arteries 10 (48%) 3 (14%)
Aplasia of intracranial arteries 2 (10%) 1 (5%)
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1 2 3
Vascular encephalopathy without cerebral angiodysplasia – 5 (23%)
Total 21 (100%)
Findings of MSCT angiography n = 25
Aplasia of intracranial arteries – 1(4%)
Pathological deformation of extracranial arteries in combination with hy-
poplasia of intracranial arteries 3 (12%) 6 (24%)

Pathological deformation of extracranial arteries in combination with apla-
sia of intracranial arteries 1 (4%) 4 (16%)

Pathological deformation of extracranial arteries in combination with hypo- 
and aplasia of intracranial arteries – 4 (16%)

Pathological deformation of extracranial arteries 1 (4%) 5 (20%)
Total 25 (100%)

Hypoplasia of the intracranial arteries with MRI in 
angioregimen was most often observed in patients of the 
main group – 10 (48%) cases, in comparison with the con-
trol group – 3 (14%) cases (χ2 = 4.0, P = 0.06, OR = 2.5). 
At MSCT angiography, PD was more often combined with 
angiodysplasia of the intracranial arteries, especially with 
intracranial arterial hypoplasia in the main group – 3 (12%) 
patients, while in the control group it was noted 2-fold 
more often – 6 (24%) patients (χ2 = 0.5, P = 0.4, OR = 0.5). 
Isolated occurrence of PD of the extracranial arteries was 
also more frequently observed in the control group – 5 
(20%) patients vs. only 1 (4%) case in the control group 
(χ2 = 0.0005, P = 1.0, OR = 1.2). The majority of patients 
had co-morbidities such as hypertension, which was found 
in 9 (45%) cases vs. 4 (10%) cases in the control group 

(χ2 = 7.9, P = 0.006, OR = 4.6). Combination of hyperten-
sion with atherosclerosis was detected in 2 (10%) patients 
of the main group vs. 34 (83%) patients in the control group 
(χ2 = 26.6, P = 0.0005, OR = 8.2). In the main group, com-
bination of hypertension with diabetes mellitus was not ob-
served, while it was noted in 3 (7%) patients of the control 
group. In 9 (45%) patients of the main group (χ2 = 18.0, 
P = 0.0005) the disease was asymptomatic.

Analysis of neurological symptoms showed that head-
aches, dizziness, decreased visual acuity, memory impairment, 
tinnitus and head noise, numbness in the limbs, motor and 
speech disorders, and other signs were the main clinical mani-
festations in patients with CCVI (Figure 2). Patients, who had 
suffered transient disorders of cerebral circulation, often pre-
sented complaints of headache, dizziness, and tinnitus.

Figure 2. Age features of clinical manifestations in patients with CCVI

In accordance with the classification of A. V. Pokrovsky 
(1979), the asymptomatic course (stage I of CCVI) devel-
oped in 9 (45%) cases (χ2 = 18.2, P = 0.0005) and only in 

patients of the main group. In patients of the control group, 
there was a higher prevalence of stage III of CCVI in 20(49%) 
patients (χ2 = 2.6, P = 0.1, OR = 2.6) and stage IV of CCVI in 
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19 (46%) patients (χ2 = 16.6, P = 0.0006). In the main group, 
stage III of CCVI was noted significantly lesser in 8 (40%) 
patients and stage IV was not observed. 52 (85%) patients 
had signs of cerebrovascular insufficiency of different severity. 
5 (8%) patients developed TIA, 28 (46%) patients had dis-
circulatory encephalopathy, and 19 (31%) patients developed 
ischemic stroke.

It should be noted that in 17(89%) patients, who suffered 
from ischemic stroke (χ2 = 28.0, P = 0.0005), had combined 
pathology – PD with different degrees of ICA stenosis.

A surgical method of treatment was used in 63% of pa-
tients, while a conservative method was applied in the remain-
ing 37% of patients. The indication for surgical treatment was 
the presence of neurological deficit: previous strokes, TIA, 
hemodynamically significant PD determined by duplex study, 
PD of ICA + all types of plaques, narrowing the vascular lu-
men by more than 60%, PD of ICA + embologenic plaque. 
Duplex scanning of the brachiocephalic arteries (BCA) was 
performed in 50 (82%) patients.

Table 2. – The distribution of patients with CCVI by varieties of angiodysplasia of the cerebral 
arteries (according to the findings of duplex scanning of the brachiocephalic arteries)

Types of crimps Main group
N = 14

Control group
N = 36

C– and S–shaped crimps 2(14%) 8(22%)
Bends at an acute angle 6(43%) 15(42%)
Loop formation – 1(3%)
Different variants of crimps 1(7%) 1(3%)
Stenosis, occlusion of extracranial arteries 1(7%) 9(25%)
Norm 4(29%) 2(5%)

Total 14(100%) 36(100%)

Of occurring types of angiodysplasias of ICA, bends at 
an acute angle were more frequently observed in the control 
group in 15 (42%) cases (kinking) vs. 6 (43%) cases in the 
main group (Table 2.). S- and C-shaped crimps were noted 
lesser, their incidence was also prevailed in the control group 
in 8 (22%) of 36 patients vs. 2 (14%) cases in the main group.

The linear blood flow velocity of ICA averaged in the main 
group 126.6 ± 12.8 cm/sec in the right, 101.5 ± 7.6 cm/sec in 
the left, whereas in patients of the control group it averaged 
122.6 ± 5.1 cm/sec in the right, 127.2 ± 8.2 cm/sec in the left. 
This was also an indication for surgical treatment.

Discussion
Clinical manifestations and development of CCVI in 

different age groups are variable. Some authors reported the 
frequent incidence of stable hypertension in patients less than 
55 years, while the combination of hypertension and athero-
sclerosis was significantly often noted in elderly people [1]. 
Our data corresponds to the data that hypertension was more 
common at younger age, atherosclerosis and hypertension at 
middle age and the elderly, who have CCVI of different sever-
ity. At the same time, hypertension increases the risk of CCVI 
by 4.6 times, in combination with atherosclerosis by 8.2 times. 
L. Manvelov (2014) also believed that hypertension increases 
the risk of stroke by 3–4 times. According to V. V. Kakharchuk 
(2005), hypertension in combination with atherosclerosis in-
creases the death rate from cardiovascular diseases by 3 times. 
There are PDs of ICA isolated or combined with pathology 
of the vertebral arteries. According to P. O. Kozachyan and 

M. A. Lobov (2009), 30% of patients with PD of ICA had its 
combination with abnormalities of the vertebral artery. In our 
studies, this combination amounted 20% in the main group 
and 34% in the control group. According to A. V. Pokrovsky et 
al. (2011), the linear blood flow velocity in the deformation 
zone varied from 60 to 350 cm/sec regardless of the form of 
PD. In our patients as well, the linear blood flow velocity in the 
main group varied from 60 to 320 cm/sec vs. from 56 to 291 
cm/sec in the control group. The linear blood flow velocity 
in the area of   PD of ICA in both groups did not differ much, 
even in spite of differences in age. This can be explained by 
the fact that young patients had PD in the form of inflection 
at an acute angle. In addition, there was the combination of 
PD with hypo- or aplasias of the intracranial arteries, and this 
increased the risk of development of CCVI by 8.2 times. We 
assume that, such changes probably lead to decrease in cere-
bral blood flow and further to cerebrovascular insufficiency.

Conclusions
Clinical and diagnostic manifestations of CCVI such as 

headaches, mostly migraine-like headaches, were predomi-
nant in young patients, especially in men, whereas motor 
disorders, numbness in the limbs, and dizziness, in addition 
to headaches, were typical signs for patients of middle and 
elderly age.

According to the diagnostic tests, angiodysplasias in the 
form of hypo- or aplasias without PD in ICA were observed at 
the young patients and often were asymptomatic. PD of ICA 
was isolated in patients of middle and elderly age, who had stag-
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es III and IV of CCVI. It was established the risk of CCVI occur-
rence, which increased in 8.2 times in patients with angiodys-
plasias of the intra- or extracranial arteries. In young patients, as 
determined, extracranial angiodysplasias had an innate nature 

and they did not manifest themselves clinically for a long time. 
In patients of middle and elderly age, PDs develop throughout 
the life on the background of hypertension, atherosclerosis and 
other vascular diseases and more often affects the ICA.
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THROMBOSIS IN HEMATOLOGICAL PRACTICE

Abstract: Hemostasis disorders are a frequent pathological condition and are characterized by a high potential 
hazard. Hemostasiopathies can manifest themselves as independent syndromes, as well as secondary hemorrhagic 
and thrombotic complications of a large number of other diseases: infectious, cardiovascular, blood diseases, etc. 
The problem of prevention and therapy of thromboembolism, ischemia and infarction of organs continues to occupy 
a central place in modern clinical medicine, as these types of pathology are very frequent and dominate among the 
causes of sudden death of people and their early disability.

Keywords: thrombophilia, hemostasiology, thromboprophylaxis, hypercoagulation, thrombogenic risk.
Thrombosis of arterial and venous vessels play a big role in 

the pathogenesis of the most frequent and dangerous human 
diseases. The mortality from ischemic heart disease (IHD) 
and ischemic brain disease (IBM) is 40–45%. The frequency 
of thrombosis of the arteries of the heart with myocardial in-
farction is 85–70%. Thrombosis of the brain vessels determine 
the development of strokes in 75–80% of cases. Pulmonary 
arterial thromboembolism (PE) is found in 16% of all autop-
sies, and is diagnosed during life only in 30% of cases [3]. The 
presence of thrombophilia is associated with an increased risk 
of complications of pregnancy.

There are genetic, acquired and iatrogenic thrombophilia.
There are many mutations of hemostasis genes, and a 

number of mutations have a high prothrombogenic potential 
and can often lead to thrombotic complications [1]. Among 
these mutations, the mutation of the factor V gene (1691G \ A 
Leiden), mutation of the prothrombin gene FII (20210G \ A) 
is especially significant. Patients with homozygous mutations 
even in one of the genes rarely survive to the age of over 30 
years, the combination of heterozygous forms of these muta-
tions also significantly increases the likelihood of thrombosis 
of various localizations [1, 2].

All this is the basis for an active search for the causes of 
intravascular thrombosis.

Clinical cases: Example No. 1 Patient E., 20 years old. 
Turned to the clinic in 2015 in the direction of the vascu-
lar surgeon, to which he addressed with complaints of pain 
and swelling of the left lower limb, weakness. Acute venous 
thrombosis of deep veins of the tibia was revealed on the left. 
Treatment received low-molecular heparins with the subse-

quent reception of indirect anticoagulants under the con-
trol of INR. At parents the anamnesis on vascular accidents 
is negative. According to the coagulogram data, high levels 
of thrombinemia markers (by the amount of soluble fibrin 
monomer complexes and D-dimer) were found, increasing 
platelet aggregation when evaluating their function with ADP 
and collagen; slowing the time of XIIa-dependent fibrinolysis, 
increasing the activity of factor VIII. No genetic examination 
was conducted.

A study was recommended for the presence of genetic 
markers of thrombogenic risk: Conducting courses of throm-
botic prophylaxis aimed at correcting hyperaggregation syn-
drome (antiplatelet agents after sensitivity was established to 
them, for a long time), thrombinemia (low molecular weight 
heparins in preventive doses); Dynamic control of thrombotic 
readiness markers (2 times a year) and, if necessary, a repeat 
course of thromboprophylaxis. Result. Over the past 2 years 
of follow-up, following the recommendations, the patient did 
not have a second thrombosis.

Example No. 2 Patient H., 22, was consulted in December 
2017 in the subacute period after acute deep vein thrombosis 
of the right lower limb. Varicose disease of the lower extremi-
ties was also revealed, the patient received direct anticoagu-
lants, then was transferred to direct inhibitors of the X factor. 
In the laboratory study of hemostasis after the establishment of 
thrombosis, a high level of markers of thrombinemia (soluble 
fibrin and D-dimers) was found. The conclusion. Thrombo-
philia is a condition of thrombotic readiness caused by an in-
crease in the level of markers of thrombinemia (soluble fibrin 
and D-dimers). Recommended. The use of sodium enoxaparin 
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in a therapeutic dose (subcutaneously, 1 mg / kg body weight 
every 12 hours). Determination of the level of homocysteine, 
aggregation function of thrombocytes. Monitoring the level of 
thrombinemia markers and duplex scanning of the veins of the 
lower extremities – after 1 and 3 months.

It can be noted that the above, diverse clinical examples 
unite the influence of a wide range of permanent or temporary 
factors of thrombogenic risk. However, it is the presence or 
absence of thrombotic readiness in patients, determined by 
objective laboratory data, which gives grounds for the use of 
antithrombotic agents.

According to literature data 1. Most people who are car-
riers of permanent or temporary risk factors for thrombo-
sis do not suffer from thrombosis throughout life, although 
they are likely to develop this pathology [1]. Nevertheless, 
the presence of factors of thrombogenic risk is often equated 
with thrombophilia, which leads to overdiagnosis of throm-
bophilia. Obviously, thrombophilia can only be indicated for 
those conditions that have manifested themselves as repeated 
thromboses or fetal loss syndrome in an individual anamnesis.

2. Between the presence of factors of thrombogenic risk 
and thrombosis, the state of prethrombosis is often identified, 
often described as “hypercoagulable syndrome / condition”. It 
is more justified to use the alternative concept of “thrombotic 
readiness state” capable of combining a laboratory-determined 
tendency to hypercoagulability and clinical signs of prethrom-
bosis. It is the implementation of this readiness with the remain-
ing factors of thrombogenic risk and their combination with a 
high probability is capable of manifesting a vascular catastrophe.

3. The state of thrombotic readiness precedes thrombosis, 
and also accompanies it. To identify this condition, it is neces-
sary to take into account the activity of platelets and the level 
of markers of activation of the coagulation unit of hemostasis, 
primarily D-dimers.

Patients should be examined for the possible presence of 
thrombophilia:

– Idiopathic thrombosis; recurrent thrombosis in per-
sons younger than 50; Thromboembolic complications in 
close relatives in the anamnesis;

– Thrombosis of unusual localization (Badd-Kiari syn-
drome, mesenteric thrombosis, central vein thrombosis); 
thrombosis on the background of COC and HRT; Ovarian 
hyperstimulation syndrome with IVF; obstetric complica-
tions in the anamnesis;

– Skin necrosis on the background of taking oral anti-
coagulants.

Depending on the situation and indices of hemostasis, it 
is recommended:

Determination of the level of natural anticoagulants 
(AT III, protein C, protein S), level of clotting factors (factor 
VIII, factor IX, von Willebrand factor), plasminogen level 
(fibrinolysis activator), homocysteine   level, complex aggre-
gationgram (spontaneous aggregation and aggregation with 
inducers), exclusion of APS (lupus anticoagulant, antibod-
ies to cardiolipins, antibodies to phospholipids, antibodies 
to β2-glycoprotein 1, antibodies to annexin V), hemostasis 
mutations.

References:

1. Makatsariya A. D., Bitsadze V. O. Thrombophilia and antithrombotic therapy in obstetric practice. – M., “Triad-X”, – 2003.
2. Beral V., Banks Е., Reeves G. Evidence from randomised trials on the long-term effects of hormone replacement therapy 

// Lancet. – 2002. – Vol. 360. – No. 9337. – P. 942–944.
3. Lowe G. D. Circulating inflammatory markers of cardiovascular and non-cardiovascular disease // J of Thromb and Hae-

most. – 2005. – Vol. 3. – No. 8. – P. 1618–1627.



Section 11. Medicine

180

Musabaev Erkin,
DSc., in medicine, professor,

Head of Scientific Research Institute of Virology
Scientific Research Institute of Virology

E-mail: drmusabaev@rambler.ru
Vafakulov Sadullo,

DSc. in medicine, professor, department of infections, 
epidemiology and dermatovenerology

Samarkand State Medical Institute
E-mail: sadullo_vafakulov@mail.ru

Nargiza Yarmukhamedova,
Ph D., in medicine, department of infections,

epidemiology and dermatovenerology
Samarkand State Medical Institute

E-mail: nargiza_ya@inbox.ru
Mamatova Rano,

Scientific Research Institute of Virology,
E-mail: m.ranokhon@gmail.com

THE CHALLENGE OF EMERGING AND RE-EMERGING INFECTIOUS DISEASES IN 
UZBEKISTAN: STUDY OF RICKETTSIOSIS USING PCR DIAGNOSTIC METHOD

Abstract: In recent years, in many countries around the world, a noticeable increase in the incidence of coxiosis 
has been registered. In epidemiological terms, coxiosis is a kind of zoonotic infection, reservoirs of the pathogen in 
nature and, therefore, more than 96 species of wild warm-blooded animals can serve as a source of infection. In recent 
years, the study of kokieilez began to pay attention in our Republic, this is due to the general noticeable increase in 
the incidence of coxiosis in the whole world, and the proximity to the endemic zone of coxeella – North Asia. Thus, 
a number of works were performed on the search for C. Burnetii in the blood of patients hospitalized with acute 
fever of unclear etiology with the help of ELISA. At the same time, the true number of cases in the region could not 
be determined, since in many patients the infection is asymptomatic, and the search for C. Burnetii in the main car-
riers – mites, was also not performed to confirm the presence of endemic zones according to the incidence of fever 
in Ku. In connection with the above, the frequency of occurrence of C. Burnetii in mites collected in the area of the 
Samarkand region by means of PCR diagnostics was studied.
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Relevance. In the recent years, in many countries around 

the world, there has been registered a noticeable increase in 
the morbidity coxiellosis. The true number of cases in the 
world cannot be established, as in many patients the infection 
is asymptomatic. We have to state the fact that medical work-
ers, due to lack of awareness, do not show proper vigilance 
regarding this infection, which leads to diagnostic errors and 
untimely treatment of patients. Such a development of the 
disease in people often leads to disability and even lethality 
[1, 2, 5, 11].

In epidemiological terms, coxiellosis is a kind of zoo-
notic infection with the presence of two types of focuses: 
primarily (natural) and secondary – anthropurgic (usually 

agricultural). The pathogenic agent reservoir in nature and, 
hence, the source of infection can be more than 96 species 
of wild warm-blooded animals [9, 11, 17]. The last ones, be-
ing donors of the pathogenic agent for ticks, secrete it to the 
external environment with urine and feces. The main source 
and carrier of C. burnetii in nature are mites that are able to 
feed on infected animals. More than 70 types of bloodsuck-
ing ticks (mostly ixodes, less often – gamazoic and argasoic) 
have been identified. In their organism, the coxiella survive 
for life, without losing pathogenic features for humans and 
warm-blooded animals. In terms of the number of tick bacilli 
involved in the circulation, coxiellosis ranks first place among 
other transmissible infections. This is the main reason why the 
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natural focuses of this disease have the greatest spread of natu-
ral focuses among all infections [3, 5, 6, 12, 14]. In the recent 
years in our Republic began to pay attention, for study of coxi-
ellosis, it is associated with a general noticeable increase in the 
incidence of coxiellosis in the whole world, and proximity to 
the endemic zone of coxiellosis – North Asia. For example, a 
number of works were carried out on the search for C. Burnetii 
in the blood of patients hospitalized with acute fever of un-
known etiology in the regional infectious diseases hospital in 
Samarkand, with the help of immune-enzyme analysis (IEA) 
Q fever was detected in blood of some of these patients [8]. 
At the same time, the true number of cases in the region could 
not be determined, cause of infection in many patients passes 
asymptomatic, and the search for C. Burnetii in the main car-
riers – mites to confirm the presence of endemic zones ac-
cording to the incidence of Q fever was also not performed.

Detection and characterization of specific fragments of 
DNA amplified in PCR is a quick method of identifying rick-
ettsia, even if they are present in relatively small amounts in 
clinical or field samples. In the presence of several dozen fully 
sequenced genomes of different species of rickettsia, special-
ists have almost unlimited possibilities for selecting unique 
sites for detection of different species of rickettsia. Several sites 
and primers most commonly used in diagnostic practice were 
chosen relatively randomly, so they do not represent the most 
specific or most sensitive combinations [10, 13]. Among these 
sites, several sections of 17 kDa protein, citrate synthesize and 
ОmpA and ОmpB surface proteins, which were among the 
first genes, are sequenced for rickettsia, and, as it turned out, 
they have enough unique and common sites to differentiate 
almost all species of rickettsia, except R. bellii and R. canaden-
sis [10, 12, 13]. The use of conservative primers designed to 
amplify the 16 rRNA of the eubacterial gene has made it pos-
sible to identify new representatives of the genus rickettsia 
circulating outside the classical ecological systems typical of 
pathogenic rickettsia, including rickettsia found in leeches, 
ladybirds and other insects. In the absence of clinical samples, 
PCR testing of ticks and other ectoparasites collected from the 
skin or clothes of the patient is a good indicator of potential 
infection when the pathogenic agent is found in these samples 
[11]. Also, the presence of rickettsia in mites of a certain range 
may indicate the contribution of this infection to the develop-
ment of fevers of the unknown genesis of this region.

Purpose of the research: In connection with the above, 
we set the aim of the investigation: by using PCR diagnostics 
to determine the frequency of occurrence of C. Burnetii in 
mites collected in the area of the Samarkand region.

Materials and methods. The material for the investiga-
tion was field material – mites in the amount of 1200 pieces 
collected in the areas of the Samarkand region ( Jambay, 

Tailak, Ishtikhan, Narpay, Urgut). These mites, after parsing 
by species composition, were pooled and prepared suspen-
sions. The mites were ground in chilled mortars, because of 
the high sensitivity of rickettsia to antibiotics, we didn’t use 
them, instead of it a physiological solution was added to the 
mortar in the amount of 1–1,5 ml per pool. After centrifug-
ing the obtained suspensions; the supernatant fluid was taken 
for PCR testing. Methods of research. By using “Ample Prime 
®RIBO Sorb” from the prepared suspensions was DNA iso-
lated, then was the determination of rickettsia (in particular, 
C. burnetii) by PCR on a RotorGene apparatus.

Results and Discussion. The inhalation and alimentary 
method of transferring coxiellosis has a big influence in spread-
ing of this infection, but the main source and carrier of C. burnetii 
in nature are mites that can feed on the infected animals. The 
results of the study showed that the main types of imago – mites 
distributed in the Samarkand region were the following: the 
most common H. Asiaticum, H. Detritum, H. An. Anatolicum, 
were common in all areas of the region, whereas Argas persicus 
was found in the Narpay and Urgut regions, and H. Plymbium 
only in the Jambay, B. Calcaratus in Narpay, and B. Anullatus, 
R. Turanicu in the Ishtikhan districts.

It should be noted that the highest occurrence of mites 
species H. An. Anatolicum and H. As. Asiaticum, in this study 
should be connected in the widespread occurrence of these 
mites on the entire territory of Central Asia and Uzbekistan 
in particular. According to the results of this investigation, 
DNA of C. burneti was detected in 9,1% of samples in mites 
in the Samarkand region. The results of PCR were positive 
in the testing of 155 Argas persicus specimens (13 pools), 
308 H. Asiaticum specimens (14 pools) collected in the Nar-
pay region. In the Urgut region of the PCR reaction to the 
detection of coxiellosis was positive only in 96 specimens 
H. Asiaticum mites. In the Ishtikhan region C. Burnetii was 
identified in 96 specimens of H. An. Anatolicum mites and 
in 54 specimens of H. Detritum mites. At the same time, the 
greatest number of positive pools was detected in H. Asiati-
cum mites (4 positive from the 6 pools) of the Urgut district 
and H. An. Anatolicum of Ishtikhan district (out of 17 pools, 
6 are positive).

Simultaneously with the study of mites, PCR study was 
conducted among patients with acute fever admitted to the 
regional clinical infectious diseases hospital in Samarkand. 
Thus, from the 56 collected blood serums, the Q-fever was es-
tablished in 21,4% of cases, while 8,9% had positive results for 
mite-borne typhus, tsutsugamushi fever was observed in 1,4%. 
Mixt forms were noted in 3,8% of patients. The geographic 
area of these diseases is described in the Samarkand region. 
So the tsutsugamushi fever was registered in 6 districts of the 
Samarkand region and in one district of the Djizak region. The 
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material for the study was blood serums from patients, suffer 
with fever of 5 or more days [8].

The last circumstance is especially significant in our con-
ditions, given that according to the data of the Veterinary Re-
search Institute of the Republic of Uzbekistan, 26 species of 
ecto- and endoparasites have been identified on the territory 
of the Samarkand region, among which there are carriers of 
various transmissible diseases [8].

During the search for a chain of relationships of infection 
with rickettsial infection, it was revealed that in the vast majority 

of patients with rickettsiosis were a rural population, and also 
had close contact with domestic animals (large and small cattle, 
dogs and cats), and used raw milk products. It is important that 
the sample of patients with a positive result was predominantly 
young people aged 19 to 30 (50%), there were also cases of 
positive response in children 4, 13 and 15 years old.

Conclusions. Thus, the using of new molecular-biolog-
ical technologies will make possible to identify rickettsiosis 
and will help increase the effectiveness of epidemiological 
surveillance of this pathology in the Republic of Uzbekistan.
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Abstract: Pneumocystis pneumonia is the most common opportunistic infection of the respiratory tract in 
HIV-infected individuals. The risk of clinical manifestations of pneumocystis pneumonia is especially high when the 
CD4 cell count is below 200 (μL -1). In patients with HIV, reproduction of P. jirovecii in the alveoli often occurs as 
a part of a mixed infection (bacterial flora, fungi), which creates a pathomorphological picture of pneumocystis. In 
connection with the above, it is important to study the features of Pneumocystis pneumonia in patients with HIV 
infection as a mono infection, as well as the combination of those with other secondary lesions, to develop clinical 
diagnostic criteria and to identify reliable laboratory diagnostic methods to confirm it.
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Introduction
According to literature 25–60% of HIV-infected patients 

may develop lung damage [9, 10]. Pneumonia of various ori-
gins is the most common opportunistic infection in this group 
of patients. The risk of development of pneumonia increases 
with the aggravation of immunodeficiency, which significantly 
worsens the long-term prognosis. Consequently the pneumo-
nia that occurs more than once a year is considered to be an 
AIDS-defining disease [3, 5]. Along with that, the diagnosis 
of immunodeficient pneumonia is quite difficult due to the 
absence of alertness among medical professionals towards 
HIV-infection. From initial referral until the real cause of the 
disease is identified, the patients with pneumonia are forced 
to undergo a wide range of diagnostic procedures to exclude 
various pathologies which leads to their deter ioration 
and, often, to unfavorable outcomes [4, 6].

Pneumocystis infection is the most common disease 
faced by health care professionals in the field of immunodefi-
cient pneumonia of HIV-infected patients.

Pneumocystis pneumonia caused by Pneumocystis carinii/
jirovecii is an opportunistic infection in immunocompromised 
patients capable of generalization [1, 2]. The number of pa-
tients with that kind of pneumonia ranges from 5.6% to 8.5% 
of all hospitalized patients diagnosed with AIDS [7,8]. The 
risk of clinical manifestations of pneumocystis pneumonia is 
especially high when the CD4 cell count is below 200/µl. The 
reproduction in the alveoli P. carinii/jirovecii in HIV-infected 
patients often occurs as part of a mixed infection (bacterial 
flora, fungi), creating a pathomorphologic picture of pneu-
mocystosis [1]. In connection with the above, it is important 

to study the features of Pneumocystis pneumonia in patients 
with HIV infection as a mono infection, as well as the com-
bination of those with other secondary lesions, to develop 
clinical diagnostic criteria and to identify reliable laboratory 
diagnostic methods to confirm it.

Research objective
The objective of this research is to identify the clinical and 

laboratory features of Pneumocystis pneumonia in patients 
with HIV infection in order to improve the quality of diagno-
sis and to optimize the treatment.

Research methods
We examined 47 in-patients between the age of 18 and 

57, admitted to the specialized hospital for infectious diseases 
of the Republican Center to fight against AIDS. The patients 
included 23 men and 14 women. Along with standard tests 
(blood and sputum tests, chest X-ray, CT) immunological, viro-
logical, microbiological tests and consultation of the specialists 
of the AIDS centre were performed on all patients. The treat-
ment was carried out in accordance with the national treatment 
guidelines. After the examination, depending on the number 
of CD4 cells in the peripheral blood and related opportunistic 
diseases (oropharyngeal mycosis), patients were divided into 
2 groups. The first group consisted of patients diagnosed with 
only pneumocystis pneumonia and the second group consisted 
of patients diagnosed with pneumocystis pneumonia combined 
with mucosal and esophageal candidiasis.

The first group included 19 patients with CD4 cell count 
below 200/µl, out of those 13 were men and 6 were women. 
The second group included 28 patients with CD4 cell count 
below 200/µl, out of those 17 were men and 11 were women.
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Results and discussion
The development of pneumocystis pneumonia in HIV-

infected patients in both groups started with the emergence 
of general weakness, increase in body temperature, which was 
also accompanied by chills in 18 patients and excessive sweat-
ing in 13 patients. The pneumocystis pneumonia proceeded 
the most heavily in the second group. Febrile temperature for 
3.4 ± 2.5 days, severe respiratory distress for 4.1 ± 2.3 days, 
hypotonia, weight loss, prolonged asthenia predominated 
in those patients. Patients complained of pain and a feeling 
of stuck food and tablets when swallowing, therefore there 
were problems with the administration of tableted form of 
drugs. In this group of patients, the most frequent concomi-
tant disease was the severe anaemia (14.3 ± 3.9 days). The first 
group of patients experienced subfebrile temperature which 
subsequently either rose to febrile temperature or remained 
subfebrile in the course of 2.3±1.7 days. The conjoining cough 
in both groups had an unproductive and intrusive nature, and 
persisted for several weeks (18.2 ± 5.5) or months (4.2 ± 3.1). 
The shortness of breath, the earliest symptom of pneumocys-
tis pneumonia was observed in all patients both in the first 
and second group of patients. During the auscultation of the 
lungs of the first group of patients, due to the weakened ve-
sicular breathing, there were dry rales heard in 9 (22%) pa-
tients, crepitant rales in 17 (41%) patients, and in 15 (37%) 
patients no abnormalities were identified at auscultation. In 
the second group of patients during the auscultation, in con-
ditions of severe (67%) and diminished (28%) breathing, 
there were heard crepitant rales in 9(50%) patients, dry rales 
in 4(22%) patients and in 5(28%) patients no abnormalities 
were identified. The patients of the first and second groups 
received long-term oxygen therapy in ICU.

The level of PO2 in the first group amounted to 43.5 ± 4.1 
mmHg which was higher than in the second group. The level of 
PO2 in the blood of the patients of the second group showed 
on average 28.9 ± 2.6 mmHg which was well below the normal 
indications and attested to severe respiratory failure.

In the first group the activity of total LDH was signifi-
cantly lower than in the other group (p < 0.001) and did 
not exceed 300 IU/l (263.0 ± of 27.09).The average level of  
CD4 + lymphocytes was 69.2 ± 7.9 cells/µl, reflecting the 
profound immune deficiency. In the first group of patients, 
Biseptol (trimethoprim/sulfamethoxazole) was added to an-
tibiotics at the dose of 15mg/kg of body weight, and in the 
second group Fluconazole/itraconazole at the dose specified 
in the national protocol for the treatment of the HIV-infect-
ed patients with mucosal and esophageal candidiasis. As a 
result of the treatment all patients had achieved a condition 
improvement; and when discharged from the hospital, ad-
ministration of co-trimoxazole was recommended for prophy-

laxis. Remarkable x-ray changes in the lungs in both groups of 
patients had been observed. In the beginning of the disease 
almost 13 patients’ x-ray picture of the lungs was normal. Lat-
er, on chest x-ray revealed reduction of basal pneumatization 
of the lung tissue, increased interstitial pattern, and in 23 of 
the patients – bilateral infiltrates in a butterfly pattern. In the 
second group of patients, in the midst of the disease, often the 
process was presented by multiple focal shadows (“spongy” 
lung) (8.1 ± 2.4) than in the first group of patients (6.3 ± 2.1). 
The spiral computed tomography of the chest revealed bilat-
eral interstitial damage to the lung tissue, “frosted glass”-like 
zones of fading, alternating sections of normal lung tissue and 
infiltration in 17 patients.

The results of the immunogram test showed that the level 
of the white blood cells in the second group (5.5 ± 0.7 cells/µl) 
was significantly lower than in the first group (7.5 ± 0.6). The 
absolute number of lymphocytes was higher in the first group 
(2498.83 ± 290.08) compared to the second group (880.63 ± 
183.1)and (1360.59 ± 146.55). The study of peripheral blood 
of specific changes and pneumocystis pneumonia were high 
levels of erythrocyte sedimentation rate (ESR) (which quick-
ly grew and in the midst of the disease reached 60 mm/h and 
above) in both groups of patients. The absolute value of CD3+ 
cells was higher in the first group (2036.01 ± 189.76) than in 
the second group (1136.32 ±1 40.16). The absolute value of 
CD8+ was higher in the first group (1643.18 ± 178.23) com-
pared with second group (767.99 ± 172.83). The value of the 
ratio CD4/CD8 was lower only in the first group (0.07 ± 0.02) 
compared with the second (0.32 ± 0.03) group. The level of 
activity of total Lactate Dehydrogenase (LDH) in all patients 
was high, and averaged 743.0 ± 184.5 IU/L. The increased 
levels of IgG in serum were revealed, which are involved in the 
formation of immune complexes, activation of the comple-
ment system, are deposited on the microbial cells and enhance 
phagocytosis. Increased levels of IgM indicate a high activity 
of b-lymphocytes, therefore humoral immunity. IgA is a sur-
rogate marker of progression of HIV-infection, an increase in 
their level when combined with pneumocystis pneumonia 
(PCP) with candidiasis of the mouth and esophagus in HIV-
infection indicates significant disturbances in the immune 
system. The level of the absolute number of B lymphocytes, 
the relative number of b lymphocytes, the indicators of phago-
cytosis and immunoglobulins were elevated in both groups 
but did not differ significantly.

Thus, verification of the diagnosis of PCP is based on 
identifying the characteristics of the clinical picture (leading 
syndrome – a progressive respiratory insufficiency); the defi-
nition of immunocompromised condition in a patient; high 
performance ESR, arterial hypoxemia (decrease in PO2); the 
isolation of the pathogen from biological material of the respi-
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ratory tract; x-ray – bilateral interstitial infiltrative changes in 
the lung; clinical and radiographic effect protivorevmaticski 
chemotherapy, trimethoprim/sulfamethoxazole.

Therefore, one can say that the levels of leukocytes, CD3+, 
CD4+, CD8+, ratio CD4+/CD8+ was significantly lower 
in the second group of patients, which led to more severe 
course of the disease when combined with other opportun-
ists. Hyperproduction of immunoglobulins of all classes 
testified to the inadequacy of the immune response, con-
tributed to the protracted course of the disease in all groups 
of patients.

Conclusions:
1. Clinically, the diagnostic criteria for PCP is a long 

gradual onset of increasing respiratory distress, decrease in 
the content of PO2 in the blood and always with high ESR.

2. The more severe PCP was observed in the group of 
patients combined with candidiasis of the oral mucosa and 
esophagus, but kept the patterns, typical of Pneumocystis 
pneumonia.

3. Pneumocystis pneumonia in HIV infected patients in 
combination with candidiasis of the oral mucosa and esopha-
gus is manifested by inhibition of the activity of cellular im-
mune responses, a significant increase in the level of the CEC, 
all major immunoglobulin classes (M, A, G) in the blood se-
rum, which indicates the inadequacy of the immune response 
to intracellular infection, with the tendency to last longer.

4. Radiological pattern in the majority of patients (63%) 
is characterized as diffused bilateral interstitial and (or) alveo-
lar infiltration. However, for some patients (15%) the x-ray 
may remain normal in the acute phase of the disease.
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Abstract: Immunopathological changes in the body in children with nephrotic syndrome in chronic glomeru-
lonephritis with lymphatic diathesis are characterized by suppression of cellular immunity and an increase in the 
content of ASL of the kidneys, the CEC and hyperproduction of IL-2, which persist even during remission.
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Currently, the prevention of progression of chronic kid-

ney diseases and the search for effective therapeutic approach-
es are the most acute medical and social problem related to 
the priorities of the national health systems of most countries 
of the world [6, 10]. At the same time, the problems of pro-
gressing the steroid-resistant form of chronic glomerulone-
phritis (CGN) in children remain one of the topical issues in 
the world pediatric nephrology, which is determined by the 
high incidence of chronic renal failure (CRF), which is noted 
by more than about 50% of patients during the 5–10 years 
[10]. Therefore, from the clinical point of view, it is extremely 
important to search for clinical and immunological predic-
tors of unfavorable renal outcome, which allow predicting the 
course of the disease with an individual assessment of the risk 
of developing CRF. In this regard, serious attention is paid to 
the nephrotic syndrome (NS) in CGN in children suffering 
from lymphatic diathesis (LD).

LD is characterized by a lack of local immunity of the re-
spiratory and gastrointestinal tract, thymomegaly, hyperplasia 
of the lymphadenoid system, morphofunctional immaturity 
of the heart, kidney, adrenal gland leading to status lymphati-
cus, anemia, lymphocytosis, dysproteinemia, hormonal im-
balance and the subsequent formation and development of 
the syndrome of unclassifiable immune deficiency organism 
[3, 8].

The aim of the study was to study the effectiveness of 
systemic enzyme therapy (SET) in nephrotic syndrome in 
children with lymphatic diathesis.

Materials and methods. We observed 35 children aged 7 
to 11 years with a nephrotic form of CGN with LD. The con-
trol group consisted of 25 practically healthy children of the 
same age. Clinical diagnosis was made on the basis of anam-

nesis, clinical and laboratory and functional research methods, 
immunological indicators, and LD markers [9]. The state of 
cellular immunity, antigen-binding lymphocytes (ASL) of the 
kidneys was studied by the method of Garib F. Yu. and co-
authors [4, 5]. Phagocytic activity of neutrophils (FAN) by 
means of a test with nitrosine tetrazolium using latex particles 
[2]. Concentrations of circulating immune complexes (CEC) 
were determined by the precipitation method [1], interleu-
kin-2 (IL-2) by the method of Ortaldo J., et al. [11].

The exacerbation of diseases in combined therapy have 
included the preparation of ETS Vobenzim (Mukos Phar-
ma, Germany, tablets, state registration number B-250–95 
№ 1999) per 6 kg body weight, 1 tablet per day for 1 month.

Patients were divided into two groups: 1-group –  
CGN + LD (20 children) – c conventional therapy, 2-group– 
CGN + LD (15 infants) – with traditional therapy SET +.

The material used for the study was venous blood taken 
in the morning on an empty stomach. The digital data was 
processed by the method of variational statistics with the cal-
culation of the reliability of the numerical differences in the 
Student.

Results and its discussion. According to the results of 
the conducted studies, it was revealed that of the observed pa-
tients on the sex of HC with CGN, boys were 60.0%, girls-40%, 
and by age 7–8 years, 72.0%. When CGN + LD78.0% 
were male, 22.0% – girls, confirming the literature data that 
the NA-th in CGN and LD th 1.5–2 times more common in 
males. In the analysis of clinical markers in LD patients were 
identified: the pathology of pregnancy and childbirth the 
mother (86.0%), Thymomegalia (48.0%), a large birth weight 
(55.0%), pasty face (67.0%) disproportion body (short torso, 
long limbs (43.0%), adenoids (49.0%), a steady increase in pe-
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ripheral lymph nodes (73.0%), high infection index (72.0%). 
The frequency of child morbidity with intercurrent patholo-
gies was 4–6 times during the year.

Clinical manifestations of HC with CGN + LD were 
characterized: the onset of the disease was gradual (78.0%), 
“chalky” pallor (65.8%), lethargy (85.0%), edema (74.7%), 
tachycardia (68, 3%), hepatomegaly (26.9%), oliguria 
(100.0%), headache (56.2%), proteinuria (100.0%), hypo-
proteinemia (86.0%), hypercoagulability (65.0%%), and 
hypercholesterolemia (45.0%). The main disease in children 
with CGN + LD was accompanied by anemia (73.5%), ad-
enoids (42.7%), chronic tonsillitis (83.0%), helminthiosis 
(35.1%), recurrent bronchitis (45.0%), GTS (36.2%), gas-
troduodenitis (15.2%).

Clinical observations showed that patients who received 
wobenzyme showed a decrease in clinical manifestations of NS 
and LD after the end of the course of treatment (shortening 
the periods of intoxication, normalization of peripheral blood 
and urine parameters (hemoglobin, leukocytes, ESR, protein-
uria, erythrocyturia, leukocyturia, diuresis daily), prolongation 
of the period of clinical remission, as well as a decrease in the 
incidence of morbidity with intercurrent pathologies in com-
parison with children of group 1. At the same time, 85.0% of 
patients had reliable rates tion of coagulation, reduced the level 
of gamma-globulin (p < 0.001), decreased somewhat Dyspro-
teinemia and increased serum albumin, which indicates an im-
provement of redox processes in the body.

When studying the status of the immune status (Table), 
it was found that the patients had a significant decrease in 
comparison with a healthy group of T-lymphocyte (CD3), T-
helper (SD4), (p < 0.001), T-suppressor (SD8) < 0.01), FAN 
(p < 0.001),; increased kidney ALS, CEC (p < 0.001), hyper-
production of IL-2. The content of B-lymphocytes (CD19) 
was not significantly different from that of healthy children.

The results of the study showed that in children with HC 
at CGN + LD vobenzim positively affects the normalization 
of clinical and immunological changes in the body. Since 
82.0% of patients observed receiving complex therapy with 
vobenzyme showed a significant increase in the content of 
CD3, CD4, normalization of IL-2 production (p < 0.001), 
SD8 (p < 0.01); decrease in the index of ASL of the kidneys,  
CEC (p < 0.001), with a more frequent and significant im-
provement observed after 1 month, unlike traditional basic 
therapy. The high therapeutic efficacy of vobenzima is ex-
plained by the fact that the drug pathogenetically plays a role 
in the normalization of immunemeostasis, optimization of 
inflammation, pronounced anti-edematous action, increased 
cytotoxic activity of macrophages, inducing or inhibiting cy-
tokines, including IL-2, removing circulating in the blood and 
fixed in tissues immune complexes, as well as inhibition of 
their formation [7].

In the 1-group of children receiving traditional treatment, 
despite the improvement in health, biochemical, functional 
parameters and renal inflammation, decreasing slightly to-
wards the end of treatment, the dynamics of observation again 
increased, and in 5 patients moderate proteinuria, erythro-
cyturia and leucocyturia persisted, which was due to recur-
rence of the process to the kidneys. Normalization of clinical 
manifestations of HC in CGN, such as “chalk” pallor, lethargy, 
edema, tachycardia, hepatomegaly and headache was detected 
only in 64.0% of patients.

Conclusions
1. Immunopathological changes in the body in children 

with nephrotic syndrome in chronic glomerulonephritis with 
lymphatic diathesis are characterized by a decrease in CD3, 
CD4, CD8, an increase in the content of ASL of the kidneys, 
CEC and hyperproduction of IL-2, which persist even during 
remission.

Table 1. – Dynamics of immune status in children with HC at CGN with LD (M ± m)

Indicators Control 
group, n = 25

Traditional therapy,
(1-group) (n=20), Р¹

Traditional therapy + 
wobenzyme, (n = 15), 

2-group, P
Р¹ Р

СД3,% 54.67 ± 0.94 40.35 ± 1.2 49.65 ± 1.2 р < 0.001 р < 0.001
СД4% 33.13 ± 0.83 24.32 ± 1.6 30.85 ± 1.5 р < 0.001 р < 0.001
СД8,% 19.90 ± 0.72 13.54 ± 1.2 17.14 ± 1.6 р < 0.001 р < 0.01

СД19,% 11.60 ± 0.89 14.26 ± 0.76 12.51 ± 0.65 – –
ASL blood,% – 5.0 ± 0.62 2.0 ± 0.54 – р < 0.001

ASL of the kidneys 0.002 ± 0.003 0.078 ± 0.001 0.024 ± 0.006 р < 0.001 р < 0.001
ФАН,% 50.50 ± 1.11 36.09 ± 0.37 45.56 ± 0.43 р < 0.001 р < 0.001

IL-2 2.8 ± 0.09 3.1 ± 0.06 2.9 ± 0.07 р < 0.01 р < 0.01
Note: the reliability of differences compared with a group of healthy children. ASL are compared between groups 1 and 2
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2. Immunocorrecting and anti-inflammatory actions of 
vobenzim allow to recommend for wide application in com-

plex therapy of children with nephrotic syndrome in chronic 
glomerulonephritis with lymphatic diathesis.
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Abstract: Identified immune disorders in the initial period of nephrotic syndrome in CGN may indicate an 
imbalance in the mechanisms of controlling the inflammatory response, the lack of an adequate reaction of the anti-
inflammatory defense system of the body, therefore, is the pathogenetic basis of the formation of chronic glomeru-
lonephritis, the progression of immunoinflammatory damage, including in the kidney tissue, and eventually leads to 
a worse prognosis of the disease.
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The main manifestation of the nephrotic form of glomeru-

lonephritis is nephrotic syndrome (NS), which is character-
ized by proteinuria (more than 2.5 g / day or 50 mg / kg body 
weight), oliguria, edema, hypoproteinemia, hypoalbuminemia, 
hyperlipidemia, hypercoagulability and develops as a major 
manifestation of acute glomerulonephritis and chronic [3].

Glomerulonephritis (GN) is a genetically determined im-
mune-mediated inflammation with a predominant glomerular 
lesion and involvement in the pathological process of all renal 
structures, clinically manifested by renal and adrenal symp-
toms [9, 14]. In a series of parenchymal diseases of the kid-
neys, the GB occupies a dominant position, in which chronic 
glomerulonephritis (CGN) is more than 35% and is one of 
the most common causes of chronic renal failure (CRF) [10].

Atopic dermatitis (AD) is a chronically relapsing inflam-
matory skin disease caused mainly by IgE-mediated allergic 
reactions and genetically associated with atopy [3]. Accord-
ing to epidemiological studies, its prevalence reaches 20% in 
children of the first 2 years of life, varies from 5.5 to 30.8% in 
children 6–7 years and from 6.7 to 20.7% in children 13–14 
years old. In children suffering from BP, involvement in the 
pathological process of virtually all organs and systems is 
noted. In this plan, serious attention is paid to blood pressure 
in children suffering from renal pathology [2, 3].

The aim of the study was to study immunopathological 
shifts in nephrotic syndrome in children with atopic dermatitis.

Materials and methods. Under our supervision were 40 
children aged 7 to 11 years, suffering from a nephrotic form of 
CGN. Patients were divided into two groups: 1-group-CGN 
+ AD (20 children); 2-group-CGN (20 children). The con-
trol group consisted of 25 practically healthy children of the 

same age. Clinical diagnosis was made based on anamnesis, 
clinical and laboratory and functional research methods, im-
munological indicators, as well as blood pressure markers and 
the SCORAD index [2]. The state of cellular and humoral 
immunity, antigen-binding lymphocytes (ASL) of the kidneys 
was studied by the method of Garib F. Yu. аnd co-authors 
[7, 8]. Phagocytic activity of neutrophils (FAN) using a ni-
trous tetrazolium test using latex particles [5]. ELISA [6] 
studied immunoglobulin (Ig) E concentrations; circulating 
immune complexes (CEC) were determined by the precipita-
tion method [4], interleukin-2 (IL-2) by Ortaldo J., et al. [10].

The material used for the study was venous blood taken in 
the morning on an empty stomach. The digital data was pro-
cessed by the method of vibrational statistics with the calcula-
tion of the reliability of the numerical differences in the Student.

Results and its discussion. According to the results of the 
studies, it was found that 55.0% of the patients on the sex were 
CGD boys, 45% girls. At CGN + AD, 72.5% were boys, 27.5% 
were girls, who confirmed the literature that CGN and AD were 
2 times more likely to be male. Duration of the disease – from 
the debut of GB at CGN-8 years, on average 4.1 ± 1.8 years; 
at CGN + AD-10 years, an average of 4.6 ± 2.0. According to 
mandatory diagnostic criteria, blood pressure was: hereditary 
predisposition to atopy – 88.0%, pathological course of preg-
nancy and childbirth in the mother – 76.0%, onset of the disease 
in early childhood – 71.1%, skin rashes on the flexor surfaces of 
the limbs – 64, 7%, the Denier-Morgan line-16.0%, the presence 
of concomitant diseases of the digestive system (gastroduode-
nitis) – 54.0%, the nervous system (NDC) – 67.0%, which are 
consistent with literature data [12, 15]. Evaluation of the se-
verity of BP in patients with SCORAD index showed that in 
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children with CGN + AD a large percentage were of moderate 
and severe form, in the complicated course of CGN in children, 
a large percentage was CGN + AD.

Clinical manifestations of HC with CGN and CGN + 
AD were characterized respectively: the onset of the disease is 
gradual (70.0%, 51.0%), “chalky” pallor (62.2%, 46.4%), leth-
argy (70.0%; 79.0%), a decrease in appetite (88.0%, 92.0%), 
edema (more common up to ascites) (65.9%, 76.9%), A / D 
increase (36.2%; 58.7%), hydrothorax (12.0%, 18.5%), tachy-
cardia (79.3%, 89.5%), nausea (26.0%, 38.5%), hepatomeg-
aly (14.5%%, 27.5%), positive symptoms of effleurage in the 
projection of the kidneys (58.0%, 76.5%), oliguria (100.0%, 
100.0%), anuria (4.5%, 13.0%), headache (47.9%, 76.8%); 
proteinuria (100.0%, 100.0%), hypoproteinemia (88.9%, 
95.0%), disproteinemia (86.4%, 94.5%), hypercoagulability 
(74.0%, 82.0%), and hypercholesterolemia (37.0%, 49.0%), 
which were more pronounced in children diagnosed with 
CGN + AD. The main disease in children with CGN and 
CGN + AD was accompanied by anemia (59.5%, 68.5%), 
chronic tonsillitis (67.5%, 83.0%), helminthiosis (30.0%, 
48.0), gastroduodenitis (22.5%, 35.0%), bronchitis (10.0%, 
15.0%), DZHVP (7.5%, 17.5%), GSH (17.5%, 22.5%).

According to the results of the study of partial renal func-
tions in children of both groups, a statistically significant in-
crease in daily proteinuria (more than 2.5–3.0 g / day), erythro-
cyturia, leukocyturia, cylinduria (P < 0.001–0.01), (P < 0.001), 
hyperlipidemia (P < 0.001–0.01), increased fibrinolytic activity 
of the blood, hypercoagulability (P < 0.01), an increase in urea 
and creatinine in the blood serum (P< 0.001) hypoproteinemia, 
hypoalbuminemia and hypergammaglothulinemii (P < 0.01).

The results of immunological studies showed that, in 
comparison with the control group, a statistically significant 
decrease in the T-lymphocyte count (CD3) was observed 
in the children of HC with CGN (1-group) and CGN + AD 
(2-group) at the time of exacerbation (before treatment). 
T-suppressors (CD8), T-helpers (CD4) and FAN 
(P <0.001–0.01), a significant increase in the number of B-
lymphocytes (CD19) and ASL of the kidneys (P <0.001), an 
increase in serum IgE P < 0.001) as well as a significant increase 
in IL-2 production (P < 0.001) and CEC concentration (P < 
0.001). Immunopathological shifts were more pronounced in 
children of the 2-group compared to group 1 (Table).

Immunopathological shifts of HC in CGN in children with 
BP are explained by the fact that the nature of GN is an immune-

mediated inflammation involving the activation of Thl or Th2 
cells and the corresponding cytokines, including IL-2. IL-2 
stimulates the synthesis of other cytokines (IL-4, IL-6, IFN-γ) 
and autocrine-acting on Thl cells and paracrine to the Th2 cell 
subpopulation, affecting the Thl / Th2 balance. The cytokine im-
balance between Th1 and Th2 determines the direction of viola-
tions of the immune response [1]. The ability of T-cell clones 
to maintain production by plasma IgE cells is directly propor-
tional to IL-4 production, and the content of this cytokine in the 
blood in children with allergic diseases (n: AD) correlates with 
clinical manifestations, including the disease period, duration 
of the disease, IgE in the blood. The increased ability to pro-
duce IL-4 under the stimulation of IL-2 seems to be one of the 
defects that promote the prolongation and prolongation of IgE 
production in patients with atopic diseases. The starting role in 
the development of the immunopathological process in the NS 
probably belongs to the activation of the complement system, 
hyperproduction and the elimination of the CEC, which accu-
mulate on the basal membrane of the glomerular vessels, cause 
the development of a local inflammatory reaction. Importantly, 
both the formation of local inflammation and immunopatho-
logical changes in the body as a whole play an important role in 
the activation of the humoral and cellular link of immunity with 
a disruption in the production of cytokines, including IL-2 [3].

After the traditional therapy in dynamics (after 6 months), 
the patients improved clinical and laboratory and immuno-
logical parameters, which resulted in an increase in the rela-
tive content of CD3, CD4, CD8, FAS, IgA, (P < 0.001–0.01) 
kidney, IgM, IgE and the concentration of CIC in the blood 
(P < 0.01–0.01), as well as a decrease in IL-2 production 
(P < 0.05), compared with pre-treatment data.

In one year of follow-up, the children of group 1 
(CGN+AD) had incomplete normalization of peripheral 
blood and urine parameters (hemoglobin, leukocytes, ESR, 
proteinuria, erythrocyturia, leukocyturia, diuresis and short-
ening of the period of clinical remission compared to children 
in group 2. During this period, 8 (40.0%) of 20 patients had 
an exacerbation of the disease in group 1 (CGN+AD), in chil-
dren of the 2nd group (CGN), the exacerbation of the disease 
was in 5 (25.0%) of 20 patients The results suggest that HC 
in CGN in children with BP is more severe lo and difficult 
to conventional treatment and requires the inclusion of ad-
ditional adequate therapy.

Table 1. – Dynamics of immunopathological shifts of HC in children with CGN with AD (M ± m)

Indicators Control group, 
n = 25 before treatment, n = 40

After treatment
1-group, CGH + AD, n=20 1-group, CGH n=20

1 2 3 4 5
СД3,% 56.21 ± 0.98 32.16 ± 1.21* 35.11 ± 1.12# 46.32 ± 0.36#
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1 2 3 4 5
СД4% 34.50 ± 1.40 15.00 ± 1.41* 18.05 ± 1.44 25.13 ± 1.15#
СД8,% 18.64 ± 0.49 12.21 ± 0.85* 12.21 ± 1.08 14.22 ± 1.14#
СД19,% 11.16 ± 0.73 28.03 ± 0.46* 23.02 ± 0.64 18.07 ± 0.69#
АСЛ почек – 8.63 ± 0.36 5.25 ± 0.45* 2.17 ± 0.22#
IgЕ, МЕ/мл 109.67 ± 60.11 588.68 ± 85.37* 396.73 ± 62.44* 162.28 ± 55.18#
ЦИК, ед.опт.пл. 0.002 ± 0.004 0.01 ± 0.006* 0.084 ± 0.001 0.043 ± 0.006#
ФАН,% 50.50 ± 1.11 34.25 ± 1.45* 38.09 ± 0.34 46.42 ± 0.47#
ИЛ-2, (ИС) 2.8 ± 0.07 3.8 ± 0.05* 3.4 ± 0.04 2.9 ± 0.13#

Note: * – the reliability of the differences compared to a healthy group; # – the reliability of the differences between 1 and 2 group. 
ASL is compared with the difference before treatment (P < 0.001–0.01)

Conclusions. 1. Immunopathological shifts of HC in 
children with CGN and AD are characterized by a deficiency 
of cellular and humoral immunity in the form of a decrease in 
CD3, CD4, CD8, FAN, an increase in the number of CD19, 
ASL of the kidneys, an increase in IgE serum, CEC concentra-
tion and hyperproduction of IL-2, which persist even in the 
period of remission.

2. The preservation of immunopathological shifts in the 
period of remission of diseases, such as an increase in the pa-

rameters of ASL of kidneys and IgE, the concentration of CIC 
in the blood serum, hyperproduction of IL-2 may serve as a 
criterion for early immunodiagnosis of HC in children with 
CGN with AD.

3. HC in children with CGN with AD is more severe and 
difficult to treat, which requires the inclusion of additional 
adequate therapies.
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ON COMPARATIVE STIMULATING ACTION ON THE CNS OF FURANOQUINOLINE 
ALKALOIDS OF SKIMMIANINE AND AMITRIPTYLINE

Abstract: According to the literature data alkaloid skimmianine derived from the Rutacea plants family in doses 
of 1/4–1/20 of LD50 showed sedative or neuroleptic properties [1,167–169; 2, 3–24; 3, 35–43]. In recent years, the 
skimmianine in doses of 1/500–1/5000 from LD50 inside revealed an activating influence on the physical state of 
mice, that related with central nervous system activity. Locomotor and research action of skimmianine was more 
expressed compared with activity of antidepressant drug “Amitriptyline” [4, 5, 15–23].

Keywords: alkaloids, antidepressants, haloperidol, CNS.
Introduction
Rutaceae family plants’ growing in countries of mod-

erate and subtropical climate have a wide spectrum of 
pharmacological activityes. In traditional medicine drugs 
prepared from these plants widely used with very differ-
ent purposes by local peoples [6, 91–102]. In the Depart-
ment of Pharmacology and Toxicology of ICPS, neuroleptic 
properties of furanoquinoline alkaloids have been revealed 
in last century [1,167–169; 2, 3–24; 3, 35–43]. Presented 
report devoted to activating effect of skimmianine on physi-
ologic state of white mice compared with the antidepressant 
drug amitriptyline.

Materials and methods of research. Skimmianine is the 
main alkaloid in the aerial parts of the plant Haplophyllum per-
foratum (Rutaceae fam.) collected in Uzbekistan. The yield of 
the alkaloid is from 50 to 70% of the total amount. LD50 is 550 
mg/ks at per os administration. Antidepressant drug “Amitripty-
line” was used form a pharmacy ampoule solution (1% – 2.0 ml) 
produced by Nika Pham (Tashkent). The methods used in the 
study briefly presented in the results of the study. In most ex-
periments, doses of drugs ranged from 0.1; 1.0 and 10 mg/kg 
orally. All experiments were performed on white mice of both 
sexes weighing 18–20 g for 5 animals per group. In (Fig. 1) pre-
sented the structural formulas of substances.

 
 A B

Figure 1. Structural formulas for skimmianine (A) and amitriptyline (B)

Results and discussion
1. Influence of skimmianine and amitriptyline on loco-

motor activity. Comparative studies of the effect of substances 

on locomotor activity (hereinafter LA) have been studied by 
the Lapin method [7, 9–11]. LA was evaluated by the number 
of passes of crosswise lines by a mouse under a glass cap with a 
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diameter and height of 30 cm during 1 minute of observation. 
In the experiment LA of mice decreased in all groups during, 
but animal treated by preparations were significantly more ac-
tive than mice of control group. Based on the results of the ex-
periment, it is possible to conclude that the activating effect of 
skimmianine on LA was increased up to 3 times. Most active 
was the dose of 1.0 mg/kg. The dose 0.1 was slightly less active. 
Skimmianine at a dose of 100 mg/kg initially oppressed LA, but 
after 2 hours, an activating action has appeared.

In the experiments with amitriptyline, the same doses 
were used. According to the data presented in Fig. 2 B doses 
of 0.1 and 1.0 mg/kg intensified LA but no more than 30%, 
that is, significantly less than skimmianine effect. The dose of 
10 mg/kg inhibited LA for 2 hours and only after 4 hours a 
definite activation of LA was observed.

Thus, the skimmianine significantly more strongly acti-
vated LA compared with amitriptyline.

A 

B 
Figure 2. Influence of skimmianine and amitriptyline on LA

2. Influence of skimmianine and amitriptyline on re-
search activity in the “open field” test according to Hall 
[8].

In the experiments carried out in the “open field” the 
mice crossed the squares and “looked” into the holes. It was 
believed that an increase in the number of intersections of 
squares indicates an increase in LA, and the number of glances 
in the mink – increased research activity. Skimmianine was 
tested in doses of 0.1; 1.0; 10.0 and 100 mg/kg. Skimmianine 
in all used doses increased LA and research activity from 1.5 

to 2.6 times and the most active dose was 1.0 mg/kg, and 
the least – 100. As shown in the tab. 1, the number of minks 
surveyed was approximately the same as the LA.

Amitriptyline was used in doses of 0.1; 1.0; 10.0 mg/kg 
orally. The results of the experiments shown in tab. 1 indicate 
that amitriptyline in small doses increased LA from 12 to 
36%, and at a dose of 10 mg/kg showed a tendency to sup-
press it, while skimmianine in all doses, increased research 
activity to 2.5 times, whereas amitriptyline not more than 
36%.
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Table 1. – Influence of skimmianine and amitriptyline on the locomotor 
and research activity of white mice in the Hall test

Preparation Number of line crossings Number of inspections of mink
1st control (aq.dest.) 15,6(100%) 16,5(100%)
Skimmianine 0,1 mg/kg p. o. 24(154%) 24(145%)
1.0 mg/kg p. o. 42(269%) 43(261%)
10.0 mg/kg p. o. 27(173%) 25(152%)
100.0 mg/kg p. o. 25(160%) 24(145%)
2nd control (aq.dest.) 12(100%) 12.5(100%)
Amitriptyline 0.1 mg/kg p. o. 16(133%) 17(136%)
1.0 mg/kg p. o. 15(115%) 14(112%)
10.0 mg/kg p. o. 10(83%) 12(96%)

3. Influence of skimmianine and amitriptyline on the 
duration of forced swimming of white mice by Porsolt [9].

In experiments on white mice, the influence of the com-
pared substances on the time of immobilization of mice during 
forced swimming by the Porsolt method was studied. In each 
experiment, 5 animals were used. The mice were placed in a 
plastic bucket half full of water at 25–26 °C. The calculation of 
the swimming duration began 5 minutes after mice placing in 

water. The substances were administered 1 hour before the ex-
periment start in doses of 0.1: 1.0 and 10 mg/kg orally. The study 
showed that the skimmianine extended the swimming period 
by 38(± 12), 128(± 22) and 240(± 42)%% at doses respective-
ly, while amitriptyline, respectively, by 33 (± 18), 48 (± 34)% 
and 118 (± 74)%%. ED100 – the dose increasing the swimming 
time by 2 times calculated by the graphic method was equal to 
0.35 and 1.2 mg/kg for skimmianine and amitriptyline.

Figure 3. Influence of skimmianine and amitriptyline on the duration of forced swimming of mice

4. Influence of substances on haloperidol catalepsy.
In the experiments performed on mice, skimmianine was 

administered at doses of 1 and 10 mg/kg orally 1 hour prior 
to administration of haloperidol 0.5 mg/kg s. c. The study 
showed that haloperidol itself triggered catalepsy lasting more 
than 140 seconds for 5 hours, while against the background 
of the skimmianine cathalepsy was less pronounced from 30 
to 50%. It can be concluded that the alkaloid in doses of 1 
and 10 mg/kg partially inhibits blockade of the D-receptors 
by haloperidol. It was also noted that doses of skimmianine 
significantly differing in magnitude exert an antagonizing ef-
fect that is close in expression to the action of haloperidol.

Conclusion
Thus, comparative psychopharmacological studies of fu-

ranoquinoline alkaloid skimmianine and antidepressant ami-
triptyline showed that skimmianine multiply exceeded ami-
triptyline, both in locomotor and in research activity. In the 
forced swim test, known as the main criterion in assessing of 
antidepressants [10], activity of skimmianine was twice more 
expressed. As a result, we can assume that, according to the 
results of the experiments, the natural alkaloid skimmianine in 
doses around of 1/5000 of LD50 exhibits clear antidepressant 
like properties, and it activity significantly greater extent than 
known drug amitriptyline.
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MODERN VIEW OF THE PROBLEM OF OBESITY IN WOMEN 
OF A REPRODUCTIVE AGE

Abstract: Obesity has a negative impact on the reproductive health of women and is a serious obstetric problem. 
Pregnancy, childbirth and the early postpartum period in obese women occur with a large number of complications. 
With obesity, the mother’s frequency of unfavorable outcomes for the fetus and the newborn increases.

Keywords: obesity, women, pregnancy.
The priority direction of modern medicine is the im-

provement of the protection of motherhood and childhood. 
It remains important to study the influence of extragenital dis-
eases in a woman on the course of pregnancy and childbirth, 
on the development of the fetus and the newborn. Somatic 
diseases that occur before and during pregnancy, always af-
fect the course of pregnancy, childbirth and the postpartum 
period. In this connection, the interest of researchers to the 
problem of obesity in women of reproductive age has recently 
increased significantly [1, 2, 3].

Obesity is an excessive accumulation of adipose tissue in 
the body, characterized by a violation of lipid and carbohy-
drate metabolism with subsequent pathological changes. This 
pathology can be caused by the impact of both external and 
internal causes. It is believed that in 35–50% of cases obesity 
is associated with the influence of environmental factors and 
genetic factors [4, 5]. The distribution of fat can also influ-
ence non-genetic determinants: steroid hormones, cortisol, 
insulin. There is evidence of a link between the development 
of obesity and pregnancy, when obesity appears and develops 
after the first pregnancy [6, 7].

In economically developed countries, at least 30% of the 
population is overweight [8]. Currently, in most countries of 
Western Europe, 10 to 25% of the population suffers from 
obesity, up to 40% in the United States [8]. The urgency of the 
problem of obesity is also in the fact that the number of people 
who are overweight is progressively increasing.

The etiopathogenetic classification divides obesity into 
primary and secondary forms [9]. Primary obesity, which ac-
counts for 90–95% of all cases of the disease, is divided into 
alimentary-constitutional and neuroendocrine (hypothalam-
ic) forms [4, 9]. Secondary or symptomatic obesity includes 
endocrine-metabolic obesity (obesity in Cushing’s syndrome, 
hypothyroidism, acromegaly and insuloma), and cerebral obe-
sity associated with diseases and brain damage [9].

In recent years, there has been a tendency to subdivide 
obesity based on the distribution of fat to the abdominal, 
when the bulk of the fat is located in the abdominal cavity, 
in the anterior abdominal wall, trunk, neck and face (male or 
android type of obesity) and gluteo-fumoral – with the pre-
dominant fat deposition on the buttocks and hips (female or 
gynoidal type of obesity) [4, 9, 10].

There are conflicting opinions on the role of age factors 
in the development of obesity [4, 10]. In women, twice as 
often, compared with men, obesity is formed at a younger age 
[1, 4, 10]. However, already among the girls aged 16  19 years, 
obese patients are many (30%), and the duration of obesity, 
despite the young age, in 50% of them exceeds 10 years [1, 2].

Overweight is clearly associated with a multiple increase 
in the risk and frequency of development of arterial hyperten-
sion, non-insulin-dependent diabetes mellitus, atherosclero-
sis and coronary heart disease [4, 9, 11]. Primary forms of 
obesity, regardless of the etiological factors, are accompanied 
by metabolic disorders and pathological functioning of the 
reproductive system [12].

Until the present time is not set, which factors are deci-
sive in the occurrence or progression of obesity and how it 
affects the morphological and functional characteristics of the 
reproductive system. Many aspects of the pathogenesis, clas-
sification and effects of obesity on reproductive health remain 
controversial [13, 14]. This applies, first of all, to women of 
active reproductive age.

So, if the age of 30–36 years was considered critical for 
the development of obesity, in recent years, this pathology is 
often formed in women aged 20–25 years [1, 2].

Women with obesity often experience the development 
of irregular menstrual cycles, hypomenstrual syndrome and 
secondary amenorrhea, acyclic bleeding [1, 2, 7]. In the re-
productive age, postpartum obesity is more often associated 
with endocrine factors [3]. Often obesity develops during 
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pregnancy and progresses after childbirth. The incidence of 
postpartum neuroendocrine syndrome reaches 38% [15, 16].

Pregnancy, childbirth and the early postpartum period 
in obese women occur with a large number of complications. 
The number of pregnant women suffering from obesity is 
15–38% [6]. Among pregnant women with obesity, women 
aged 21–25–30–32% and 26–30% – 26–30% predominate 
[13, 17].

Obstetrical pathology in women with obesity is a conse-
quence of the violation of adaptive and compensatory-protec-
tive mechanisms. Various complications of pregnancy occur 
in 85% of patients with obesity, which is almost twice as often 
as in women with normal body weight [15, 17, 18]. In preg-
nant women with obesity, there is a need for hospitalization 
in connection with complications [19].

The most common complications in the combination of 
gestosis with obesity: polyhydramnios, untimely passage of 
amniotic fluid, hypotonic bleeding, anomalies of labor [3]. 
Heavy forms of gestosis in obese women are three times more 
common than in pregnant women with normal body weight 
[3]. When combining obesity with hypertension, late gestosis 
develops in 100% of pregnant women [3]. Progressing obesity 
in pregnant women leads to the appearance of severe forms of 
gestosis, requiring early delivery [3, 20]. In pregnant women 
with gestosis on obesity, hypovolemia before delivery and in 

the puerperium is more pronounced than in women with ges-
tosis without obesity [3].

In second place, the frequency of occurrence is threatened 
with termination of pregnancy, both in early and late periods 
[16, 21]. Pathological hemorrhage in labor is a frequent com-
plication in obesity [15].

With obesity, the mother also has an increased incidence 
of adverse outcomes for the fetus and the newborn [18, 19, 
20, 22]. Reducing the body weight of newborns with obesity 
is the result of progressive placental insufficiency, leading to 
some lag in the development of the fetus [20]. Obesity of a 
pregnant woman is a risk factor for the development of chron-
ic intrauterine fetal hypoxia due to the early formation of fe-
toplacental insufficiency. Endocrine disorders, characteristic 
of obesity, affect the fetoplacental blood circulation, contrib-
uting to the development of the patency of the placenta [15, 
16]. At the root of the onset of chronic intrauterine hypoxia 
of the fetus, pregnant women with excess body weight suffer 
from a violation of utero-placental-fetal circulation [15, 16].

Thus, the consistently high proportion of obese women 
of the reproductive age gives reason to consider the problem 
of obesity as one of the important health problems of women 
of reproductive age. It can be argued that obesity, having a 
negative impact on the reproductive health of women, is a 
serious obstetric problem.
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ANALYSIS OF CAUSES OF POSTOPERATIVE ANAL INCONTINENCE IN CHILDREN

Abstract: A preliminary analysis of the treated 151 children in the TashPMI clinic from 2015 to 2018 with a 
diagnosis of anal incontinence showed that all patients had a history of surgical interventions for anorectal malfor-
mation in 82 and Hirschsprung’s disease in 69 patients. The main contingent of children was between the ages of 6 
months to 17 years, with a 67.5% prevalence of boys.

The frequency of complications in the long term after perineal and abdominal perineal proctoplasty depends 
on the following factors: from the correctly established diagnosis, the patient’s good preparation for the operation, 
from the method of surgical correction and the ongoing rehabilitation treatment. The choice remains of the method 
of primary surgical correction of the defect and restoration of the anatomical and physiological topography of the 
lowered intestine. The technique of transanal endorectal lowering of the large intestine and the Soave-Bolei STD in 
Hirschsprung’s disease is effective and gives good results up to 90% of cases in young children.

Keywords: anal incontinence, diagnosis of anal incontinence, surgical treatment, children.
Relevance. After surgical correction in the anorectal area 

and large intestine, a derangement of the defecation control is 
considered a big trouble for children and parents of the child, 
even in cases of the presence of an external sphincter and the 
absence of neurological disorders. Many factors lead to anal 
incontinence. The importance of the levators and the external 
sphincter is well known [1, 4, 8, 14]. Another factor leading 
to incontinence is a disturbance of sensitivity and proprio-
ceptivity from the side of the pulled-through intestine. At the 
request to keep a stool, children strain the muscles of the but-
tocks and the abdominal wall, and not the external sphincter, 
which leads to the opposite result [2, 6, 9, 12].

A study of the literature showed that the most frequent 
cause of unsatisfactory results of surgical interventions in the 
developmental and colon malignancies is the retraction of the 
pulled-through intestine. This complication of proctoplasty is 
associated with insufficient mobilization of the pulled-through 
intestine and its tension. Necrosis of the pulled-through intes-
tine, which is also an early postoperative complication, which 
is caused by pronounced impairment of blood supply in the 
distal section of the pulled-through intestine. Chronic isch-
emia of the pulled-through colon, so-called ischemic colitis, 

was identified after abdominal perineal proctoplasty, which 
could result from a significant ligating of the main vessels af-
ter repeated surgical interventions during mobilization and 
repositioning of the distal sections, as well as the result of ten-
sion, torsion of the mesentery, retroperitoneal dislocation of 
the displaced colon. The tension of the pulled-through intes-
tine is clinically manifested by chronic constipation and has 
a characteristic radiological picture – the absence of gaustra-
tion and the involuntary position of the intestine in the form 
of a strained string; Stenosis of rectal anastomosis was more 
often observed after operation Soave; An important cause of 
development of scar tissue is the inflammatory process, which 
often occurs in the anastomosis zone recorded in half of the 
observations [3, 5, 7, 10, 11, 13, 15].

Thus, analysis of the literature shows that a significant 
proportion of operated patients with anorectal malformation, 
as well as Hirschsprung disease, suffer from derangements of 
stool control in the late period and have an unsatisfactory 
quality of life.

In this paper, we present a comparative evaluation of 
the results of surgical treatment of anorectal malformations, 
Hirschsprung disease, and the causes of anal incontinence (AI).
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Goal. Investigation of the frequency and causes of anal 
incontinence after corrective surgery for anorectal malforma-
tion and Hirschsprung disease in children.

Material and methods. A preliminary analysis of the treat-
ed 151 children in the TashPMI clinic from 2015 to 2018 with 

a diagnosis of anal incontinence showed that all patients had a 
history of surgical interventions for anorectal malformation in 82 
and Hirschsprung disease in 69 patients. The main contingent 
of children was between the ages of 6 months and 17 years, 
with the prevalence of boys 67.5% (Table 1).

Table 1. – The distribution of patients as a function of age and pathology (n = 141)

Age
Type of pathology Sex

Total
Anorectal malformation Hirschsprung disease boys Girls

Up to 1 year 12 6th 13 5 18
1–3 years 24 23 29 18 47
4–7 years 16 22 28 10 38
Older than 7 years 30 18 32 16 48

Total 82 69 102 49 151

To assess the long-term outcome of the treatment, func-
tional studies of the rectum apparatus were performed. The 
main attention was paid to the following clinical factors: the 
appearance of the anus and perineum, the localization of the 
anus, the prolapse of the mucosa, the stenosis of the anus. The 
methodology for evaluating long-term postoperative results is 
based on anatomical and functional effects, which were evalu-
ated by clinical data and by radiographic data.

Results and discussion. In the postoperative period, all 
children were in the intensive care unit. The average time spent 
in intensive care was 2.6 days (an average of 2 to 5 days). Com-
plete enteral nutrition after the operation was scheduled for 4 
days. Independent stool was noted 12–48 hours after surgery.

In the early postoperative period complications in the 
form of intestinal paresis, bleeding from the anastomosis 
zone, stenosis of the anastomosis zone were noted in children 
operated according to the proсedure of Soave-Lenyushkin, 
Duhamel. Then, after operations using the Soave-Boley pro-
cedure technique and the De La Torre transanal procedure, 
noted pains during the act of defecation and calming, which, 
when treated, completely stopped at the end of 3 months. A 

rectal examination was performed in all children on the 12th 
day after the operation.

A follow-up analysis of 69 children operated on for 
Hirschsprung disease was performed. 29 patients underwent 
Soave Lenyushkin procedure, 19 had a Soave Boley procedure, 
11 had a De La Torre transanal procedure, 7 Svenson Hiat 
procedure, and 3 patients with Duhamel-Martin procedure.

In the study of the results of surgical treatment, according to 
the methods of operation, it was found out that in 37 (53.6%) 
patients, anal incontinence of the 1st degree was diagnosed 
(Soave Lenyushkin procedure- 17, Soave Boley procedure – 12, 
De La Torre procedure – 7, Swenson Hiat – 1), manifested in the 
weakening of the tone of the sphincter and malleable stenosis 
of the anastomosis zone, which with the help of rehabilitation 
measures were eliminated. The remaining in 32 patients was the 
cause of anal incontinence, stenosis of the anastomosis zone in 
18 (26.1%) patients, derangement of innervation of the small 
pelvis muscles – in 6 (8.7%), anal canal deformity in 5 children 
(7.2%). and a derangement of the integrity of the anal sphincter 
in 3 (4.3%) patients. The causes of anal incontinence according 
to the methods of surgical interventions are given in (Table 2).

Table 2. – Causes of anal incontinence in children, depending on the 
method of operation in anorectal malformations

№ 
Type of operation

Num-
ber of 

patients

Reasons for AI
Stenosis of 
the anasto-
mosis zone

Cicatricial de-
formity of the 

anal canal

Partial or com-
plete destruction 
of the sphincter

Derangement of the in-
nervation of the muscles 

of the small pelvis
1 2 3 4 5 6 7

1. Soave Lenyushkin 
procedure 18 15 3 – –

2. Soave Boley proce-
dure 3 2 1 – –

3. Transanal procedure 
by De La Torre 2 1 1 – –
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1 2 3 4 5 6 7
4. Swenson procedure 6 – – – 6

5. Duhamel-Martin 
procedure 3 – – 3 –

Total 32 18 5 3 6

In young children, submucosal dissection was easier 
and more difficult in older children, which was due to a pro-
nounced thickening of the intestinal wall, repeated episodes 
of enterocolitis, a more pronounced enlargement and hy-
pertrophy of the large intestine. The development of a rough 
cicatricial process, which is poorly susceptible to conservative 
therapy, was promoted by diastase between the mucosa of the 
pulled-through intestine and the stumps of the rectum.

In 82 patients with anal incontinence, the following cor-
rective operations were primary: the Solomon procedure in 
21 children, the pull-through procedure in the clinic modifica-
tion – in 10, Stone Benson procedure – in 20 and Romualdi 
procedure in 31 children.

In 37 (45.1%) children, anal incontinence of the 1st 
degree was noted (pull-through procedure by Solomon – 
9, pull-through procedure by Romualdi – 13 for sexually 
transmitted infections, 13 in the Clinic version of pull-
through procedure, pull-through procedure by Stones 
Benson-7), lasting up to one year after surgery, There was 
a pliable stenosis, which was easily stopped during the bou-
gienage process. Forty-two (54.8%) patients had AE2–3 
degrees after the primary operation, lasting from 4 to 14 
years, the causes were: stenosis and scar deformity of the 
anus, mucosal clearance of the brought down intestine, 
neoanus ectopia and partial or complete destruction of 
the sphincter table – 3).

Table 3. – Causes of anal incontinence in children, depending on the 
method of operation in anorectal malformations

№ 
Type of operation

Num-
ber of 

patients

Reasons for AI
Stenosis 
and scar 

deformity 
of the anus

Extension of 
the mucosa

Partial or com-
plete destruction 
of the sphincter

Ectopia of 
neoanus

Outside 
sphincter 

reductions

1. Solomon procedure 10 2 3 – 5 –

2. Romualdi proce-
dure 19 8 4 7 – –

3.
Clinic version of 
pull-through proce-
dure

3 2 1 – – –

4. Stone-Benson pro-
cedure 13 6 2 2 – 3

Total 45 18 10 9 5 3

Stenosis and scar deformity of the anus were noted in 18 
(40.0%) children, mainly after the operation of Stone-Benson 
and Romualdi procedure. Partial or complete destruction of 
the sphincter apparatus was observed in 7(14.8%) patients af-
ter the Romualdi procedure and in 2(4.4%) observations after 
the Stone Benson procedure. No less frequent pull-through 
of rectum via sphincter, after operation of Stone-Benson in 
3(6.7%) patients and anterior ectopy of the anus after Solo-
mon’s operation in 5(11.1%) patients.

The function of keeping and the quality of life of chil-
dren after surgery of perineal and abdominal perineum 
proctoplasty were evaluated on the Wexner scale (Cleve-

land Clinic, 1993) [16] which patients were filled in 1, 2 
and 3 years after proctoplasty. Depending on the frequen-
cy of manifestation of incontinence, a certain number of 
points (from 0 to 4) was exhibited at 5 positions. When 
interpreting the results, the total number of points corre-
sponded to: 20 incomplete incontinence points – testified 
to the absence of the holding function, 11 to 15 unsatisfac-
tory results, 6 to 10 points to satisfactory results and a good 
score from 0 to 5 points and an excellent score of 0 points. 
In the postoperative period, all children underwent reha-
bilitation measures, depending on the function of holding 
the anal sphincter (Table 4).
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Table 4. – The incontinence assessment scale by Wexner (1993)

Factors Frequency

Type of inconti-
nence Never

Rarely (less 
than 1 time per 

month)

Sometimes
(less than 1 time per 
week, but more than 

1 time per month)

Usually (less than 
1 time per day, 
but more than 
once a week)

Always
(more than 1 
time per day)

Hard stool 0 1 2 3 4
Liquid stool 0 1 2 3 4
Gases 0 1 2 3 4
Wearing pads 0 1 2 3 4
Change in lifestyle 0 1 2 3 4

The conclusion. Thus, the frequency of complications 
in the long term after the perineal and abdominal perineal 
proctoplasty depends on the following factors: from the cor-
rectly established diagnosis, the patient’s good preparation 
for the operation, from the surgical correction method and 
the rehabilitation treatment. The choice remains of the meth-

od of primary surgical correction of the defect and restora-
tion of the anatomical and physiological topography of the 
pulled-through bowel. The technique of transanal endorec-
tal pul-through of the colon and Soave-Boley procedure in 
Hirschsprung disease is effective and gives good results up to 
90% of cases in young children.
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SURGICAL RECONSTRUCTION OF THE PELVIC BOTTOM AFTER 
EKZENTERATION AT LOCAL WIDESPREAD CERVICAL CANCER

Abstract: Pathogenesis mechanisms, clinical picture, diagnostics and treatment of manifestations of a syndrome 
of an empty small pelvis are described. Being based on the data of the world literature, authors have brought and 
analysed the modern directions in treatment of such patients and also methods of reconstruction of a pelvic bottom 
after a pelvic ekzenteration.

Carrying out further researches in this direction as reconstruction of a pelvic bottom is important aspect of pre-
vention of a syndrome of an empty small pelvis after a pelvic ekzenteration is necessary.

Keywords: ekzenteration of a small pelvis, syndrome of an empty small pelvis, reconstruction.
Malignant new growths of bodies of a small pelvis in 

structure of oncological incidence make 16% of all localiza-
tions [1].

At women the share of new growths of genitals makes 
18.3% from from all malignant new growths [2, 3].

Treatment of patients with locally-spread primary and re-
current forms of cervical cancer remains in many respects an 
unresolved problem [4]. In literature, still there is no uniform 
unified definition of the concept “locally-spread tumor of a 
small pelvis”. According to V. I. Shirokorad, the definition of 
locally-spread cancer of rectum offered by onkoproktologa of 
Federal State Budgetary Institution Russian oncological scien-
tific center of N. N. Blochin” the Russian Ministry of Health as 
motionless or restrictedly mobile tumor which doesn’t have 
the remote metastasises, sprouting all layers of a rectum wall 
with involvement in tumoral process or inflammatory infiltra-
tion of the next bodies and fabrics, possible formation of fistu-
las or purulent cavities it can be extrapolated to locally-spread 
tumors of bodies of a small pelvis of any localization [5].

Despite the different organ affiliation of these tumors, 
there are general principles of their diagnosis, selection of pa-
tients for surgical treatment, general approaches to surgical 
treatment [4, 5]. This is due to the general biological features 
of locally advanced pelvic tumors, which include: predomi-
nantly local tumor growth, relatively rare metastasis to distant 
organs, frequent occurrence of local recurrences after special 
treatment, low malignant potential for large tumor sizes, the 
possibility of resection of the organ affected secondary to in-
vasion from the primary source [5]. If several pelvic organs, 
especially the urinary tract, the female internal genital organs 
and the rectum, are involved in the tumor process simultane-

ously, it becomes necessary to perform extended multispectral 
resections of the pelvic organs up to the total pelvic exentera-
tion (TPE) [8, 9, 10, 11, 12].

TRE is usually divided into front, rear and total. Anterior 
TRE includes removal of the bladder, urethra, vagina, uterus 
with appendages. The posterior TRE includes removal of the 
uterus with appendages and rectum.

With complete TRE, a complete monoblock removal of 
all pelvic organs is performed [5, 12]. The terms “anterior 
TRE” and “back TRE” are applicable only to female patients 
[12]. Depending on the attitude towards the pelvic floor, TRE 
is divided into supralevator (with preservation of the pelvic 
diaphragm, the operation is performed by abdominal access) 
and infratulatory (with removal of the pelvic floor muscles, 
the operation is performed by the abdominal-perineal access) 
[4]. In the case of a resection of the pelvic bones, TRE is called 
a composite one [6].

The most frequent oncological pathology, about which 
70% of TRE is performed, is squamous cell carcinoma of the 
cervix [6, 7].

A single approach to the choice of indications and contra-
indications to TRE is not available [11].

The need to perform ultra-radical operations, right up to 
TRE, occurs when several pelvic organs are involved simul-
taneously in the tumor process: the bladder, urethra, internal 
female genitalia, the rectum or sigmoid colon [1, 5, 12]. With 
local common pelvic tumors of any localization with the in-
vasion of the Ljeto triangle, combined surgical interventions 
become impossible, and TRE is considered to be the opera-
tion of choice [5, 7]. In most centers, the contraindication 
to performing TRE is the presence of distant metastases and 
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intra-abdominal dissemination of the tumor [11]. Also pos-
sible contraindications is the presence of metastases in the 
pelvic and para-aortic lymph nodes. According to H. R. Bar-
ber and W. Jones, out of 148 women with recurrent cervical 
cancer after radiotherapy, there were metastases in the lymph 
nodes at the time of TRE and only 4 of 148 patients survived 
5 years [13]. The triad of symptoms – ureterohydronephrosis, 
edema of the lower limb, ishialgia – indicates a neglected lo-
cally advanced oncological process [6,]. Ischialgia is the most 
formidable symptom, indicative of the invasion of the tumor 
into the area of the sciatic foramen and the impossibility of 
performing radical surgical intervention [7].

When planning TRE for recurrence of the oncological 
process, it is necessary to estimate the time of its appearance, 
size and localization [4]. Most authors note a direct relation-
ship between survival and time of recurrence of squamous cell 
carcinoma of the cervix [6].

From the topographic point of view, depending on the re-
lationship to the lateral wall of the pelvis, recurrent tumors are 
divided into central and lateral tumors. If central recurrence in 
the absence of distant metastases is an “ideal” indication for 
TRE, then the advisability of performing TRE in lateral relapses 
is controversial [14]. In relation to oncogynecologic pathology, 
M. Hockel et al. proved that a tumor fixed to the lateral wall of 
the pelvis, but not exceeding 5 cm, very rarely sprouts the intra-
cellular fascia and can be radically removed by lateral extended 
endopelvic resection (LREP), which involves the removal of 
internal iliac vessels, intracavitary fascia and muscles pelvis (in-
ternal blocking, pubic-coccygeal, ilio-coccygeal and coccygeal 
muscles) in the zone of lateral pelvic recurrence [14]. In this 
case, M. Hockel et al. R0 resection was performed in 97% of 
cases, and the survival of patients did not differ from that after 
standard TRE performed for central recurrence [14]. The TRE 
technique is repeatedly described and consists of explorative, 
ablative and reconstructive stages [6, 7].

The explorative stage of the operation includes revision 
of the abdominal and pelvic organs, assessment of the “lym-
phatic status” (pelvic, para-aortic lymphadenectomy with 
urgent histological examination), opening of the avascular 
cellular spaces of the pelvis and evaluation of the relationship 
between the tumor and the pelvic wall [7]. The ablative stage 
of the operation involves a radical monoblock pelvic organo-
complex with a tumor [5, 6]. Depending on the nature of the 
spread of the tumor process, anterior, posterior or total TRE is 
performed. The reconstructive stage of TRE is the formation 
of the intestinal and urinary stoma with the purpose of deriva-
tion of urine and feces or, if possible, performing reconstruc-
tive operations to restore the natural passage [4], as well as 
reconstruction of the pelvic floor. The solution of the problem 
of urine diversion is associated with the introduction into clin-

ical practice of various cystoplasty operations using isolated 
intestinal segments [11]. Depending on the specific clinical 
situation, it is possible to form a heterotopic reservoir with 
a “wet” (for example, ileumconduit Briker) or a continental 
stoma, as well as orthotopic cystoplasty with restoration of the 
natural passage of urine. Weakened patients with high opera-
tional risk may have ureterocutaneostomy [5]. Fecal excretion 
is carried out either by forming an end single-stem colostomy, 
or by restoring the natural passage of intestinal contents by the 
formation of a low colorectal or coloanal anastomosis [4, 5].

Removal of pelvic organs with a single block in supraleva-
tor TRE leads to the formation of a peritoneal cover devoid 
of a “dead” space, and for infrared TRE – also an extensive 
pelvic floor defect [4]. After TRE, translocation of the small 
intestine loops to the pelvic cavity occurs, fixing them with 
adhesive adhesions to the walls of the pelvis and pelvic floor 
devoid of peritoneal cover [13]. Radiation therapy, which is 
performed by the majority of patients with regard to the pri-
mary oncological process or its relapse to TRE, leads to pelvic 
fibrosis fibrosis, progressive vascular hyalinosis, impaired vas-
cularization of pelvic tissue. Fixation of small intestine loops 
irradiated to irradiated pelvic walls can lead to the formation 
of intestinal obstruction, small intestinal fistulas, including 
small intestinal, lymphocele and pelvic abscesses, and pelvic 
hernias [4, 15]. A number of authors call this group of com-
plications “empty pelvis syndrome” (empty pelvis syndrome) 
[15]. The emergence of these complications after TRE is as-
sociated with high postoperative mortality [16].

Small intestinal obstruction after TRE occurs in 5–11% 
of patients [16], and mortality after repeated operations for 
intestinal obstruction may reach 50% [16]. As mentioned 
above, the contact of the small intestine loops

Interdisciplinary issues with peritoneal pancreatic walls of 
the pelvis are the cause of postoperative small intestinal ob-
struction [16]. But the most significant factor associated with 
small intestinal obstruction after TRE, according to J. W. Jr. 
Orr et al. is the presence of a thin-intestinal anastomosis of 
the previously irradiated intestine, which is formed during the 
creation of an ileum conduit for the supra-zirical derivation 
of urine [16]. J. W. Jr. Orr et al. this fact is explained by the 
contact of the “fresh” small intestinal anastomosis of the ir-
radiated intestine with irradiated pelvic wall irradiated walls 
and the formation of dense splices [16]. Using an isolated 
segment of the transverse colon to create a conduit for urine 
diversion and the formation of transvers otransverso anasto-
mosis reduces the risk of post-operative intestinal obstruction 
[16]. Although a number of authors report a high mortality 
of patients after surgery for intestinal obstruction [15, 16], 
J. W. Jr. Orr et al. believe that the mortality in this group of 
patients can be reduced by forming bypass intestinal anasto-
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moses without intestinal resection, since attempts to release 
the irradiated small intestine of tightly fixed in the cavity of the 
small pelvis may be associated with impaired blood supply to 
the intestine, accidental trauma to the intestine or ureter [16].

The performance of anterior TRE is associated with a 
high frequency of formation of rectal-vaginal fistulas, which 
reaches 23.7% [16]. According to J. W. Jr. Orr et al., Since ra-
diation therapy causes tissue fibrosis and endarteritis, exten-
sive dissection of the rectum vaginal septum in the process 
of anterior TRE can disrupt blood circulation in the rectal 
wall, increase the risk of rectal injury, which predispose to the 
formation of a rectal-vaginal fistula. Performing a modified 
anterior TRE without a wide dissection of the rectum-vaginal 
septum reduces the incidence of rectal-vaginal fistula [16].

The small intestinal fistula is one of the most serious com-
plications of TRE. The frequency of their formation is 5–16% 
[13]. The formation of the small intestinal fistula is associated 
with poor prognosis [10, 15].

The most significant factor that increases the risk of form-
ing small intestinal fistulas, as well as small intestinal obstruc-
tion, is the presence of a thin-intestinal anastomosis and the 
formation of an ileum conduit [6, 5].

This is due to the fact that the ileum conduit is formed 
using a loop of the ileum, which, while in the small pelvis 
during radiation therapy, could receive a high dose of radia-
tion or exceed the tolerant one. The use of staplers does not 

reduce the frequency of small intestinal fistulas, but their use 
shortens the operation time, unifies the technique of form-
ing an anastomosis and reduces tissue trauma and abdominal 
contamination with intestinal contents [16].

Conclusion. In recent years, TRE has been further de-
veloped and firmly established in the arsenal of many onco-
logical institutions. This was facilitated by the improvement 
of the procedure of surgery, the emergence of modern electro-
surgical equipment, the development of anesthesiology and 
resuscitation. However, so far TRE remains an opinion of a 
crippling operation with a potentially low survival rate. One 
of the reasons for such an attitude toward this operation may 
be an underestimation by oncologists of the significance of the 
reconstructive stage of the operation, a low awareness of the 
techniques for reconstructing the pelvic floor and the preven-
tion of potentially fatal complications such as small intestinal 
obstruction, small intestinal fistulas and pelvic abscesses. In 
this situation, according to VI. Widespread, a promising solu-
tion can be the creation of localized localized tumors, as well 
as the consolidation of the efforts of urologists, gynecologists, 
coloproctologists, radiologists, chemotherapists and plastic 
surgeons.

Creation of the direction of pelvic surgery will avoid the 
subjectivism of certain specialties and develop common tac-
tical approaches in the treatment of patients with locally ad-
vanced and recurrent pelvic tumors.
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NODES AND MAIN VESSELS IN THE TREATMENT OF RENAL CELL CARCINOMA

Abstract: Metastases of the kidney cell cancer in the regional lymph nodes are not uncommon – 15.3% and me-
thodically performed advanced lymphodissection in these patients is the method providing the best immediate and 
long-term results. The development of the technique of extended lymph node dissection in renal cell carcinoma, as well 
as a small number of postoperative complications, makes it possible to use it in all patients with renal cell carcinoma.

Keywords. Carcinoma, metastases, radical nephrectomy.
Annually, there are 189.1 thousand of new cases of RCC 

and 91.1 thousand of deaths from this disease are registered in 
the world. In the USA, the number of RC incidents was 16.2 
per 100 000 among the males and 8.0 per 100 000 among the 
female population. There was an increase in the incidence of 
renal cell carcinoma (RCC) in the male population to 55.1%, 
in women to 55% in Russia from 1993 till the end of 2003. 
Nowadays, this nosology occupies the second place in terms 
of the growth rate among all the malignancies in Russia. This 
tendency is associated with both improved diagnosis of organ 

malignancies and an increase of morbidity. In Russia, in 2003, 
15 thousand of patients were identified, and 7.9 thousand died 
due to this disease. In 2014, 22234 patients with malignant 
neoplasms of the kidney were identified. The standardized in-
dicator of the incidence of the Russian population with renal 
cell carcinoma (RCC) is 9.7 cases per 100,000 population. In 
2014, 8430 people died from the RCC. Approximately in 50% 
of cases this disease already has or acquires a late generalized 
character. In this case, the 5-year survival of patients from the 
time of detection of distant metastases varies from 5 to 10 [5].

In recent years there has been an increase in the incidence rate from 1.7 in 2012 to 1.9 in 2016, in Uzbekistan as well.

Table 1. – Contingents of patients with malignant neoplasms for renal 
cell carcinoma, registered in the Republic of Uzbekistan

Years
Absolute number 

of newly diagnosed 
patients

%of the total number 
of newly diagnosed 

patients

Morbidity 
per100 000 of the 

population

Mortality 
per100 000 of the 

population

One 
annual 

mortality

2012 505 2.6 1.7 0.8 0.4

2014 243 2.6 1.8 0.9 0.4

2016 608 2.8 1.9 0.9 0.5

Despite the concept of radical nephrectomy was first 
proposed by Gregore in 1905, the widespread usage of radi-
cal nephrectomy in clinical practice began in the late of 60s 
of the last century thanks to the works of C. S. Robson and 
his colleagues. They showed that the longest period of life 
is noted in patients with RCC who underwent radical ne-

phrectomy [3, 7]. If there is no question of need for radical 
nephrectomy with renal cell carcinoma, up to the present 
time there are still disputes among urologists about the 
choice of operative access. Two methods are fundamentally 
compared: transperitoneal and extraperitoneal. [3, 8]. It 
must be assumed that during choosing an access should be 
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minimally traumatic and ensure maximum availability of the 
operation object.

The aim of studying the immediate results of treatment of 
renal cell carcinoma of the kidney, by developing and imple-
menting a new method of surgical access to the main vessels 
and regional RCC lymphoblasts.

Materials and methods: 96 patients were treated in the 
Republican specialized scientific and practical medical center 
of oncology and radiology (RSSPMCO&R), as well as in its 
Tashkent city branch from 2010 till 2015.

There is a predominance of men 51 (53.1%) against 45 
(46.9%) women, the ratio is 1.1: 1.0. The age range is from 21 
to 75 years, the average age of patients was 56.0 ± 1.3 years.

Table 2. – Distribution of patients with kidney cancer by gender and localization of the process

Left kidney Right kidney Totally
males females males females males females

Patients` 
distribution

abs. 26 33 25 12 51 45
% 27.1 38.4 26 12.5 53.1 46.9

Analysis of the data in Table 3 showed that out of 96 
patients participating in the study, 51 (53.1%) men and 45 
(46.9%) women had a tumor process. It was found that there 
was no fundamental difference in the localization of the pro-
cess and gender when comparing all the data. The number of 
patients with metastatic lesion of regional lymph nodes was 
revealed: N1–10 (10.5%), N2–6 (6.2%).

In the remaining 80 (83.3%) patients, regional lymph 
nodes were intact. Duration of the disease before admission to 
the department was as follows: up to 3 months – 32 (33.3%), 
from 3 to 6 months – 25 (26%), from 6 months to 1 year – 29 
(30.2%) and over 1 year – 10 (10.4%). As it can be seen, large 
number of patients entered the period of more than 3 months. 
The number of these patients was 66.6%, which is a prognos-
tic adverse factor. It is revealed by the history of the disease 
that only 52 (54.2%) patients had the correct diagnosis, and 
the remaining 44 (45.8%) had a kidney tumor during the ad-
mission to our department. Despite a characteristic clinical 
picture, it was identified in the clinic of the (RSSPMCO&R) 
with ultrasound and radiological examination.

Almost all patients were treated for any chronic inflamma-
tory diseases of the kidneys before treatment in the polyclinic 
of the RSMPSM &R. It should be noted that there is a tracing 
of late diagnostics and errors in medical tactics, this in turn led 
to the fact that patients with this pathology are late sent to spe-
cialized institutions. All patients underwent radical-extended 
nephrectomy.

The upper-median and middle-median incision of the skin 
is performed up to 20–22 cm. The peritoneum is dissected, 
Segal wound extensor is established. Revision. In the case of 
damage to the right kidney, the ascending and transversely di-
viding part of the large intestine is mobilized; the loops of the 
intestines are moved back by a moist towel up and to the left. 
After this, the back of the peritoneum is opened over the projec-
tion of the aorta from the level of the aortic bifurcation; the top 
with the dissection of the Treitz’s ligament is opened beyond 
the peritoneal space review. Then, extended lymph node dissec-

tion is performed. We removed at the tumor of the right kidney 
lymph nodes of the first order, 2–3, lateral-caval 3–4, retro-caval 
2–4, then lymph nodes of the second order: interaorta-caval 
3 to the level of the upper spleen and the upper iliac 3 lymph 
nodes in total 14–19 lymph nodes are removed.

With the left-sided location of the tumor, the descending, 
transverse colon goblet is mobilized. The loops of the intes-
tines are moved more medially, the pancreas is also mobilized, 
the cellulose surrounding the aorta and the inferior vena cava. 
After this, the back of the peritoneum is opened above the pro-
jection of the aorta from the level of bifurcation, the top with 
the dissection of the Treitz’s ligament is opened beyond the 
peritoneal space. The left renal vein is allocated and taken to 
the tourniquet after this begins lymph-dissection. Lymphatic 
nodes of the first order are removed from the aortic site of the 
left renal vein before the beginning of a. mesenteric inferior 
6–7, retroaortal 1–2, preaortal 10–12, lymph nodes of the 
second order: retro-lymph nodes up to the level of the upper 
herniated artery 2–4, interaortacaval 3, upper ileal 3 lymph 
nodes in the sum of 24–30 lymph nodes.

In the course of lymphatic dissection, it is separately ban-
daged, crossed and stitched a. and v. Renalis, review. Hemosta-
sis. The kidney is mobilized, the gonadal artery, the ureter in the 
lower third, is bandaged and crossed. Nephrectomy is performed.

Results. The character of the histological form of the 
kidney tumors established after the operation by morpho-
logical examination was as follows: the clear cell cancer in 77 
(80.2%), papillary cancer in 8 (8.3%), unclassifiable cancer 
in 4 (4.2%), chromophobic cancer – in 7 (7.3%). It should be 
noted that the final diagnosis is possible only based on histo-
logical examination.

The criteria for evaluating the effectiveness of surgical 
treatment are the time and frequency of metastases and tumor 
recurrences in the postoperative period.

Studying the long-term results of the surgical treatment of 
kidney cancer, we found that the significance of the volume of 
lymph node dissection made acquires a definite value.
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Out of 11 patients with kidney cancer who had the first 
clinical stage, metastases were not observed in the postopera-
tive period. Out of 24 patients with the second stage, metasta-
ses were subsequently found in 1 (4.2%) in the second year of 
follow-up. Out of 50 patients with the third stage, metastases 
were subsequently detected in 9 (18.0%). Of these, in the first 
year, 4 (8.0%), in 5 (10.0%) in the second year of follow-up.

Out of 11 patients with the fourth stage, metastases were 
subsequently detected in 3 (27.3%) patients – in 2 (18.2%) 
in the first and in 1 (9.1%) in the second year of follow-up. In 
total, of the 96 patients in the third group, 13 (13.5%) had a 
progression of the disease in the postoperative period.

Another important criterion for the effectiveness of the 
treatment is the time and frequency of loco-regional metas-
tasis (relapse).

Out of 96 patients, relapse of the disease was detected 
in only 2 (2.1%) patients and the occurrence of relapses was 
noted in the first year of observation, it should be noted that 
these 2 patients had a tumor of T4 size, that is, they went be-
yond Gerota’s fascia.

Conclusions. In tumors of the kidney size T1, we rec-
ommend performing selective lymphatic dissection that is, 
removing first-stage lymph nodes for precise staging. When 
tumors T2–4N0–2Mo recommend performing extended 
lymph node dissection on the level of the diaphragm cruises 
to the iliac artery bifurcation RCC metastases to regional 
lymph nodes are not uncommon – 15.3% and systematically 
extended lymph node dissection made in these patients it is a 
method of ensuring the most immediate and best long-term 
results.

Table 3. – Time before appearance of metastases in patients of the third group depending on the stage

Stage Number of patients
Metastasis

Intervals(months)
12 24 36 Totally

I 11 0 0 0 0

II 24 abs. 0 1 0 1
% 0 4.2 0 4.2

III 50 abs. 4 5 0 9
% 8.0 10.0 0 18.0

IV 11 abs. 2 1 0 3
% 18.2 9.1 0 27.3

Totally 96 abs. 6 7 0 13
% 6.3 7.3 0 13.5

The development of the technique of extended lymph 
node dissection in renal cell carcinoma, as well as a small 

number of postoperative complications makes it possible to 
use it in all patients with renal cell carcinoma.
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THROMBOSIS IN HEMATOLOGICAL PRACTICE

Abstract: Hemostasis disorders are a frequent pathological condition and are characterized by a high potential 
hazard. Hemostasiopathies can manifest themselves as independent syndromes, as well as secondary hemorrhagic 
and thrombotic complications of a large number of other diseases: infectious, cardiovascular, blood diseases, etc. 
The problem of prevention and therapy of thromboembolism, ischemia and infarction of organs continues to occupy 
a central place in modern clinical medicine, as these types of pathology are very frequent and dominate among the 
causes of sudden death of people and their early disability.

Keywords: thrombophilia, hemostasiology, thromboprophylaxis, hypercoagulation, thrombogenic risk.
Thrombosis of arterial and venous vessels play a big role in 

the pathogenesis of the most frequent and dangerous human 
diseases. The mortality from ischemic heart disease (IHD) 
and ischemic brain disease (IBM) is 40–45%. The frequency 
of thrombosis of the arteries of the heart with myocardial in-
farction is 85–70%. Thrombosis of the brain vessels determine 
the development of strokes in 75–80% of cases. Pulmonary 
arterial thromboembolism (PE) is found in 16% of all autop-
sies, and is diagnosed during life only in 30% of cases [3]. The 
presence of thrombophilia is associated with an increased risk 
of complications of pregnancy.

There are genetic, acquired and iatrogenic thrombophilia.
There are many mutations of hemostasis genes, and a 

number of mutations have a high prothrombogenic potential 
and can often lead to thrombotic complications [1]. Among 
these mutations, the mutation of the factor V gene (1691G \ A 
Leiden), mutation of the prothrombin gene FII (20210G \ A) 
is especially significant. Patients with homozygous mutations 
even in one of the genes rarely survive to the age of over 30 
years, the combination of heterozygous forms of these muta-
tions also significantly increases the likelihood of thrombosis 
of various localizations [1, 2].

All this is the basis for an active search for the causes of 
intravascular thrombosis.

Clinical cases: Example No. 1 Patient E., 20 years old. 
Turned to the clinic in 2015 in the direction of the vascu-
lar surgeon, to which he addressed with complaints of pain 
and swelling of the left lower limb, weakness. Acute venous 
thrombosis of deep veins of the tibia was revealed on the left. 
Treatment received low-molecular heparins with the subse-
quent reception of indirect anticoagulants under the con-

trol of INR. At parents the anamnesis on vascular accidents 
is negative. According to the coagulogram data, high levels 
of thrombinemia markers (by the amount of soluble fibrin 
monomer complexes and D-dimer) were found, increasing 
platelet aggregation when evaluating their function with ADP 
and collagen; slowing the time of XIIa-dependent fibrinolysis, 
increasing the activity of factor VIII. No genetic examination 
was conducted.

A study was recommended for the presence of genetic 
markers of thrombogenic risk: Conducting courses of throm-
botic prophylaxis aimed at correcting hyperaggregation syn-
drome (antiplatelet agents after sensitivity was established to 
them, for a long time), thrombinemia (low molecular weight 
heparins in preventive doses); Dynamic control of thrombotic 
readiness markers (2 times a year) and, if necessary, a repeat 
course of thromboprophylaxis. Result. Over the past 2 years 
of follow-up, following the recommendations, the patient did 
not have a second thrombosis.

Example No. 2 Patient H., 22, was consulted in December 
2017 in the subacute period after acute deep vein thrombosis 
of the right lower limb. Varicose disease of the lower extremi-
ties was also revealed, the patient received direct anticoagu-
lants, then was transferred to direct inhibitors of the X factor. 
In the laboratory study of hemostasis after the establishment of 
thrombosis, a high level of markers of thrombinemia (soluble 
fibrin and D-dimers) was found. The conclusion. Thrombo-
philia is a condition of thrombotic readiness caused by an in-
crease in the level of markers of thrombinemia (soluble fibrin 
and D-dimers). Recommended. The use of sodium enoxaparin 
in a therapeutic dose (subcutaneously, 1 mg / kg body weight 
every 12 hours). Determination of the level of homocysteine, 
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aggregation function of thrombocytes. Monitoring the level of 
thrombinemia markers and duplex scanning of the veins of the 
lower extremities – after 1 and 3 months.

It can be noted that the above, diverse clinical examples 
unite the influence of a wide range of permanent or temporary 
factors of thrombogenic risk. However, it is the presence or 
absence of thrombotic readiness in patients, determined by 
objective laboratory data, which gives grounds for the use of 
antithrombotic agents.

According to literature data 1. Most people who are car-
riers of permanent or temporary risk factors for thrombo-
sis do not suffer from thrombosis throughout life, although 
they are likely to develop this pathology [1]. Nevertheless, 
the presence of factors of thrombogenic risk is often equated 
with thrombophilia, which leads to overdiagnosis of throm-
bophilia. Obviously, thrombophilia can only be indicated for 
those conditions that have manifested themselves as repeated 
thromboses or fetal loss syndrome in an individual anamnesis.

2. Between the presence of factors of thrombogenic risk 
and thrombosis, the state of prethrombosis is often identified, 
often described as “hypercoagulable syndrome / condition”. 
It is more justified to use the alternative concept of “throm-
botic readiness state” capable of combining a laboratory-de-
termined tendency to hypercoagulability and clinical signs of 
prethrombosis. It is the implementation of this readiness with 
the remaining factors of thrombogenic risk and their com-
bination with a high probability is capable of manifesting a 
vascular catastrophe.

3. The state of thrombotic readiness precedes thrombosis, 
and also accompanies it. To identify this condition, it is neces-
sary to take into account the activity of platelets and the level 
of markers of activation of the coagulation unit of hemostasis, 
primarily D-dimers.

Patients should be examined for the possible presence of 
thrombophilia:

– Idiopathic thrombosis; recurrent thrombosis in per-
sons younger than 50; Thromboembolic complications in 
close relatives in the anamnesis;

– Thrombosis of unusual localization (Badd-Kiari syn-
drome, mesenteric thrombosis, central vein thrombosis); 
thrombosis on the background of COC and HRT; Ovarian 
hyperstimulation syndrome with IVF; obstetric complica-
tions in the anamnesis;

– Skin necrosis on the background of taking oral anti-
coagulants.

Depending on the situation and indices of hemostasis, it 
is recommended:

Determination of the level of natural anticoagulants 
(AT III, protein C, protein S), level of clotting factors (fac-
tor VIII, factor IX, von Willebrand factor), plasminogen level 
(fibrinolysis activator), homocysteine level, complex aggre-
gationgram (spontaneous aggregation and aggregation with 
inducers), exclusion of APS (lupus anticoagulant, antibod-
ies to cardiolipins, antibodies to phospholipids, antibodies 
to β2-glycoprotein 1, antibodies to annexin V), hemostasis 
mutations.
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INFLUENCE OF CORTEXIN ON THE LEVEL OF NEUROTROPHIC 
PROTEIN S100 IN CHRONIC CEREBRAL ISCHEMIA

Abstract: For a long time, cerebrovascular diseases remain one of the priority problems of neurology [1, 3, 5, 8]. 
One of the central places in the study of cerebrovascular pathology belongs to the problem of chronic cerebral isch-
emia (CCI) [1, 2, 4].

Keywords: neurotrophic protein, chronic cerebral ischemia, cortexin.
The progress of modern pharmacology and clinical medi-

cine is largely determined by the expansion of opportunities 
and prospects for the use of well-known and popular drugs. 
For the treatment of patients with CCI, peptide structure 
preparations combining nootropic, vasoactive and neuropro-
tective effects are successfully used [2, 6, 7]. The drugs of this 
group include Cortexin. Cortexin is a complex of amino acids, 
polypeptides and trace elements extracted from the cerebral 
cortex and playing an important role in the life of neurons, 
the formation of mechanisms of neuroprotection [2, 5, 7, 8].

The rationale for the choice of cortexin was: insufficient 
study of the effect of this drug in patients with CCI of vari-
ous genesis (hypertonic and atherosclerotic), clarifying its 
selective effect on neurotrophic mechanisms, which are an 
important link in the pathogenesis of development, and in the 
subsequent differentiated treatment of CCI.

Purpose of the study. Determine the level of protein S100 
in patients with CCI, depending on the genesis of develop-
ment in the dynamics of cortexin treatment.

Material and methods of the study. We conducted a study of 
the protein S100 content and autoantibodies (AT) titer to it in 
the blood serum in 40 patients with CCI, divided into 2 groups. 
1 group (hypertensive genesis) of 20 patients, and 2 group (ath-

erosclerotic genesis) of 20 patients. The control group consisted 
of 20 healthy people. All patients received cortexin, which was 
administered 10 mg intramuscularly in 2.0 ml of a 0.5% solution 
of novocaine daily for 10 days against baseline therapy. The study 
was conducted on days 1 and 10 of treatment. Studies of the 
protein content of S100 and serum AT titer were determined 
using commercial test systems elie-viscero-test-24g. Statistical 
processing was carried out on a Pentium-4 personal computer.

Results and its discussion. In 1st group patients, the pro-
tein S100 content in the blood serum before treatment was 
0.40 ± 0.06 nmol/L (P < 0.01), in patients of the 2nd group 
0.43 ± 0.05 nmol/L (P < 0.001). Differences in serum protein 
S100 content in patients in both groups were significant com-
pared with the control group values of 0.360 ± 0.06 nmol/L. 
After treatment, the protein S100 content was 0.380 ± 0.04 
nmol/L in the 1 group (P < 0.05), and in 2–0.360 ± 0.04 nmol 
/L(P <0.01). The AT titer to the protein S100 in the control 
group was 1: 50.0 ± 5.01. In patients of the 1st group, the titer 
of AT before treatment was 1: 52.31 ± 6.71 (P < 0.05), in 
patients of the 2nd group – 1: 56.51 ± 6.08 (P < 0.01). After 
treatment, the titer of AT in group 1 decreased to 1: 51.75 ± 
± 5.49, and in 2 to 1: 50.46 ± 5.06, i. e. the AT titer decreased 
to the control values (Table 1).

Table 1. – S100 protein content in the examined patients in the dynamics of treatment

Control
(n = 20)

First group (n = 20) Second group (n = 20)
before treatment after treatment before treatment after treatment

Protein S100
(nmol / ml) 0.360 ± 0.06 0.40 ± 0.06^^ 0.38 ± 0.04* 0.43 ± 0.05^^^ 0.36 ± 0.04**

Antibodies to 
protein S100 1:50.0 ± 5.01 1:52.31 ± 6.71^ 1:51.75 ± 5.49* 1:56.51 ± 6.08^^ 1:50.46 ± 5.06**

Note: ^ (Р < 0.05), ^^ (Р < 0.01), ^^^ (Р < 0.001) – reliability of the control data. * (Р < 0.05), ** (Р < 0.01) – reliability of 
the data before treatment
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When comparing the results of the study of patients of the 
two groups, significant differences in the protein S100 con-
tent and the AT titer between the control group and 1 and 2 
groups were established (p < 0.01). The higher S100 protein 
content, as well as the largest AT titers before treatment, were 
diagnosed in the blood serum of patients in group 2, which 
is apparently due to the fact that the protein S100 selectively 
affects the cortical structures of the brain with CCI.

Based on the clinical and biochemical analysis of treat-
ment with the inclusion of cortexin, a significant decrease in 
the protein S100 and AT titer in the serum of patients with 
CCI was detected.

Conclusions
1. A higher level of protein S100 and serum AT titer was 

diagnosed in patients with atherosclerotic CCI.
2. The drug cortexin peptide structure reduces the level of 

protein S100 and titer AT in patients with CCI predominantly 
atherosclerotic genesis.

Summary. The study of the content of protein S100 and 
titer autoantibodies to it in the serum of 40 patients with CCI, 
divided into 2 groups. 1 group (hypertensive genesis) of 20 
patients, and 2 group (atherosclerotic genesis) of 20 patients. 
All patients received a cortexin medication. In the dynamics 
of treatment, a significant decrease in the level of protein S100 
and antibody titer in patients of the 2nd group was revealed, 
i. e. in patients with chronic cerebral ischemia of atheroscle-
rotic origin.
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THE EFFECTIVENESS OF THE PSYCHOEMOTIONAL STRESS 
CORRECTION TECHNIQUE IN DENTAL PATIENTS

Abstract: Despite the indisputable significant positive changes in the provision of dental care to the public, 
dentists still pay little attention to the patient’s psychoemotional status.

Psychological support rendered to the patient by the dentist, allows to conduct the process of treatment more 
efficiently, to organize interaction at the clinical reception and to form a positive attitude of the patient to dentistry.

All of the above has created the prerequisites for conducting a study of psychoemotional stress in patients, which 
results in delayed visits of patients to the dentist.

Keywords: dental phobia, fear and fright, delayed dental visits.
Despite of the high level of development of modern den-

tistry, 93% of the population suffer from diseases of the dento-
alveolar system [1, 2, 7, 10], therefore practically every person 
throughout life is forced to go through discomfort associated 
with a visit to a dentist.

Often they remain in memory for life, causing negative 
emotions and fear [3,4,6,8]. Basically, patients turn to the 
dentist for dental caries and its complications, periodontal 
diseases. In many respects, complications of caries are the re-
sult of delayed sanation [9, 11, 12, 13, 14, 15].

The emergence of dental phobia is associated with the 
expectation of imminent pain, i. e. patients associate a dentist 
with a person who can potentially hurt them [51]. Pain is not 
only unpleasant sensation, but also emotional experience aris-
ing in connection with the present or potential threat of tissue 
damage. Pain significantly worsens the quality of life [11].

Pain often leads to the emergence of anxiety and tension, 
which themselves increase the perception of pain. This ex-
plains the importance of psychotherapy in control of pain.

Psychoemotional tension of patients is expressed by their 
statements, some vegetative and behavioral signs. However, 
some patients can mask tension by effort of will. Therefore, 
the real picture of psychological experiences, in addition to 
analyzing the behavior of patients, allows supplementing the 
registration of the basic physiological functions of the body: 
heart rate, respiratory rate, blood pressure, etc. [3, 4, 11], as 
well as the use of psychological tests [7, 9].

To solve the set tasks, the development of methods for 
determining, affecting and correcting the emotional tension of 
patients on an outpatient dental appointment was conducted 
with the goal of creating psychological comfort and improv-

ing the safety of rendering dental care to the population. The 
study was conducted on an outpatient dental reception in 
the dental clinic of Tashkent city “Chilonzor Denta Lyuks” in 
Tashkent in 2015–2016. The selection of the surveyed contin-
gent was carried out in accordance with the recommendations 
of WHO [5]. A total of 1,072 patients aged 18 to 65 years were 
examined. Of these, 398 were men, 674 were women.

Patients were divided into two groups — the main group 
(622 people) and the control group (450 people). In the main 
group, the number of men was 222, women 400. In the control 
group of men there were 176 women and 274 women.

In the control group, the psychoemotional tension was 
corrected, with the goal of creating psychological control. In 
the main group, no correction was performed.

Psychoemotional stress primarily causes a change in the 
activity of the nervous and cardiovascular systems.

In this regard, we proposed to study changes in heart rate 
and blood pressure in the process of dental treatment, which 
allow us to judge in general terms the activity of the autonomic 
nervous system in case of psychoemotional stress.

To obtain the initial data, the physiological parameters 
were recorded: systolic blood pressure (SBP), diastolic blood 
pressure (DBP), heart rate (HR) three times before treat-
ment, during and after treatment. After the measurements, 
the Kerdo index was calculated – an indicator of the activity 
of the autonomic nervous system.

To identify the level of psychoemotional stress during the 
study, patients were questioned using a questionnaire devel-
oped by Boyko. The questionnaire allows specialist to quickly 
assess the level of psychoemotional stress of a patient on an 
outpatient dental appointment. According to her results, the 
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doctor can predict the patient’s behavior at the reception, 
which reduces the risk of possible complications.

Patients were questioned on the scale of dental anxiety by 
Corah. All patients of the control group underwent a correction 
of the psychoemotional state according to the revealed reaction.

Table 1. – Results of the study of blood pressure val‑
ues in patient groups (in mm Hg)

Indicators Main group Control group
SBP before admission 130.1 ± 0.46* 110.6 ± 0.48
SBP during admission 128.5 ± 0.43* 110.4 ± 0.46
SBP after admission 127.5 ± 0.46* 109.6 ± 0.59
DBP before admission 86.7 ± 0.31* 71.7 ± 0.31
DBP during admission 83.3 ± 0.31* 71.6 ± 0.31
DBP after admission 82.7 ± 0.27* 71.5 ± 0.31

* – (p < 0.05)
Analyzing the table it can be seen that statistically sig-

nificant differences in blood pressure values are observed in 
patients before, during and after dental treatment. After ad-
ministration, mean blood pressure values in all groups were 
reduced to normal numbers, however, in the patients of the 
main group were significantly higher than in the control group.

It was established that the values of arterial parameters 
were statistically higher in the main group than in the control 
group. Analysis of blood pressure values has shown that in all 
patients before dental treatment the pressure is higher than 
after administration.

Table 2. – Results of the study of values of heart rate in 
groups of patients (in bpm)

Indicators Main group Control group
Heart rate before ad-
mission 89.7 ± 0.18* 74.5 ± 0.24

Heart rate during ad-
mission 86.6 ± 0.16* 73.2 ± 0.22

Heart rate after admis-
sion 79.2 ± 0.14* 72.9 ± 0.20

* – (p < 0.05)
According to the table, it is seen that in the main group 

of heart rate is statistically significantly higher than in the 
control group, regardless of the time of measurement. In 
our opinion, this is due to the fact that patients who have 
not undergone a correction of their psychoemotional 
state are in a state of excitement and stress, so the psy-
choemotional tension before dental intervention is more 
pronounced.

The work determined the Kerdo index as an indicator 
of the functions of the autonomic nervous system, the func-
tioning of which is inextricably linked to the cardiovascular 
system.

If the value of this index is greater than zero, then the 
predominance of sympathetic influences in the activity of the 
autonomic nervous system is indicated, if less than zero, then 
the prevalence of parasympathetic influences, if zero, indicates 
functional equilibrium.

Table 3. – The results of calculating the Kerdo index

Main group 
(before admis-

sion)

Main group 
(during admis-

sion)

Main group 
(after admission)

Control group 
(before admis-

sion)

Control group 
(during admis-

sion)

Control group 
(after admission)

–4.8 ± 0.37 –3.3 ± 0.38 –7.2 ± 0.37 3.5 ± 0.43 1.99 ± 0.45 1.73 ± 0.4

The Kerdo index in the main group indicates a stress reac-
tion and its numerical value indicates that almost all patients have 
a pronounced effect of the parasympathetic nervous system.

When the reactions of the parasympathetic nervous sys-
tem are dominated, syncope states, bradycardia, lowering 
blood pressure, reducing respiratory rate and muscle tone may 
occur. Hypersalivation is observed, sweating, peristalsis of the 
intestine is increasing, peripheral blood vessels are expanding, 
there is confusion and excitation of salivation.

In the control group, the sympathetic nervous system pre-
dominates over the parasympathetic nervous system. But by 
the end of the reception there is a gradual decrease in the ex-
citation and sympathetic nervous system, i. e. Gradually equi-
librium is established in the components of the autonomic 
nervous system. The main function of the sympathetic depart-

ment of the autonomic nervous system is to regulate internal 
vegetative functions, in connection with external activity, es-
pecially in extreme situations. In other words, the sympathetic 
nervous system affects the vegetative processes so that they 
are most useful in an extreme situation.

But by the end of the reception there is a gradual decrease 
in the excitation and sympathetic nervous system (a twofold 
decrease in the indicator), i. e. Gradually equilibrium is estab-
lished in the components of the autonomic nervous system. 
Summarizing the results of the study of the indices of physi-
ological indicators, it should be noted that their change at the 
dental reception was revealed. Prior to dental surgery, patients 
are more excited than during and after taking. It was found that 
the values   of blood pressure and heart rate were statistically 
higher in the main group than in the control group.
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Also, the analysis of physiological parameters (blood pres-
sure, heart rate and IR), as indicators of the functions of the 
autonomic nervous system, allows us to state that the applica-
tion of the method of correction of the psychoemotional state 
at the dental appointment significantly reduces the level of 
psychoemotional stress in patients.

Table 4. – Indicators of the intensity of psychoemo‑
tional stress at the dental appointment:

The average indices of psychoemotional stress on 
dental admission

Main group Control group
144.5 ± 8.55 points 74.9 ± 4.18 points

The average degree of psy-
choemotional stress

An easy degree of psy-
choemotional stress

The average value of the sum of points in the main 
group was 144.5 ± 8.55 points, which corresponds to the 
average degree of psychoemotional stress (for a sum above 
133 points it is necessary to correct the psychoemotional 
state). In the control group, the mean score was 74.9 ± 4.18, 
which corresponds to an easy degree of psychoemotional 
stress (from 0 to 100 points). Thus, it can be stated from 

the table that there are statistically significant differences 
in the level of emotional state between the control group 
and the main group. The obtained data confirm the data 
on the presence of emotional stress in patients on dental 
admission.

Table 5. – Results of studies on the scale of dental 
anxiety by Corah:

Main group Control group
17.52 ± 0.98 points 8.24 ± 0.37 points

Dental phobia is expressed Dental phobia 
is not expressed

The lower limit of pronounced dental phobia is 17 points, 
which at the result of 17.52 ± 0.98 indicates its presence in 
the main group.

For the purpose of approbation of the results of the meth-
od of correction of psychoemotional stress (application 1), 
450 patients were examined, who applied for caries, its com-
plications and periodontal diseases. These patients made up 
a control group. In the course of the examination and conver-
sation among the control group, the following types of psy-
choemotional reactions were identified:

Table 6.

Type of psychoemotional reaction
Men (years) Women (years)

16–21 21–35 35–65 16–21 21–35 35–65

Episodic anxiety 2 4 18 1 7 43

Excitement 3 20 20 4 28 33

Mobilization 1 5 11 3 6 19

Fright 6 23 42 5 38 73

Fear 1 8 12 1 3 10

Total 13 60 103 14 82 178

Based on the foregoing, we consider it possible and neces-
sary, to recommend a method for correcting the psychoemo-
tional state of patients on an outpatient dental appointment 
for practical public health.

Using the technique of correction of psychoemotional 
stress in outpatient dental reception, taking into account the 
differentiated approach to the type of psychoemotional reac-
tion detected in dental patients, allows to reduce the preva-
lence of negative dental experience and dentofobia among 
the population, increase the motivation of the population 
for timely prevention and dental treatment. That, ultimately, 
leads to an increase in the effectiveness of therapeutic and pro-
phylactic measures in the field of dentistry by optimizing the 
interaction of the dentist with patients, taking into account 
their psychoemotional state.

Application 1.
The sequence of actions of the dentist, aimed at de-

termining the type of psychoemotional reaction of the 
patient at the reception.

1. Episodic anxiety
The patient’s condition is characterized by signs: a re-

laxed, calm state of the patient is replaced by unexpectedly 
alertness, zazhatosty. In this case, the patient more actively 
controls the situation. This state is replaced by a state of rela-
tive calm and relaxation.

Such conditions of the patient are correlated with the 
reasons, among which the insufficient level of preparation by 
the patient’s doctor for the expectation of specific unpleasant 
sensations; The patient’s attention was attracted by a source 
of unpleasant sensations; There can be a situation classified 
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by the patient as supernumerary, associated with a threat to 
his health.

2. Excitement
The patient’s condition is characterized by signs associ-

ated with an increase in the number of micro-motions of the 
body – an increase in the frequency of blinking, the strain 
of the fingers of the limbs, excessive twitching of the shoul-
ders, excessive head movements to find a more comfortable 
position; The increase in verbal activity, the appearance or 
increase in the number of critical comments on the environ-
ment – the actions of the doctor, the situation in the room, 
the state of technical support, the quality of materials, per-
sonnel qualifications, etc.

Such conditions of the patient are correlated with the 
reasons, among which the level of the patient’s preparedness 
for specific influences and his sensations is not sufficient; Suf-
ficient level of preparedness of the patient, but the duration of 
the procedure was delayed; Discomfort from immobility and 
long open mouth; excessive physical impact on the oral cavity 
of the patient, etc .; Insufficiently qualified actions of the doc-
tor, insufficiently intelligible explanations on manipulations.

3. Mobilization:
The patient’s condition is characterized by signs associ-

ated with long periods of time, with a strain of the muscles 
of the body, fixation of the limbs, heads, fixation of the sight, 
low-level verbal contact, monosyllabic, delayed response.

Such conditions and signs correlate with such reasons 
as the insufficient level of preparation of the patient for the 
forthcoming manipulations and the sensations associated 
with them; Also negative experience associated with past ef-
fects on the patient by dentists (past experience).

4. Fear
The patient’s condition is characterized by signs associ-

ated with a sufficient level of the patient’s readiness to ex-
plain the cause and time of the onset of the disease, there is 
no isolation, a sufficiently high level of interest in commu-
nication with personnel, information, readiness for detailed 
explanation of the circumstances of the disease, readiness for 
contact and assistance to medical personnel in Elimination 
of a painful condition.

The verbal manifestation of fear is associated with the 
questions asked by the patient, remarks about the treatment 
situation, remarks about the fears in the treatment situation.

Nonverbal manifestation of fear is characterized by a 
state of mimicry, gaze, movement of limbs and body move-
ments, the patient is emotionally stable, sufficient level of 
trust in the personnel.

Such conditions and signs are correlated with such signs 
as insufficient level of positive attitude towards treatment, 
absence or lack thereof in relation to modern methods of 

anesthesia, reaction of the trace cause, level of expectation of 
unpleasant sensations. The role of infantility in the patient’s 
behavior plays a role and plays a role, which is manifested 
in the fact that the patient needs custody, wants to shift the 
decision-making process to others; The patient’s condition 
is affected by past experience, including children’s from vis-
iting the dentist and the experience of adults, in particular 
parents. There are also various social misconceptions and 
prejudices associated with the idea of   the nature of dental 
treatment, i. e. Level of dental literacy.

5. Fear
The patient’s condition is characterized by signs associ-

ated with verbal (speech) manifestations, when the fear is 
expressed verbally, the patient does not cope with emotions, 
there is also a blocking of thinking, this leads to the fact that 
the patient is unable to take into account his arguments, ar-
guments surrounding him, confirming the inadequacy of his 
experiences The existing causal series.

Also, non-verbal (nonverbal) manifestations of fear are 
associated with behavioral peculiarities, such as pallor of the 
skin, decreased speed of movement, increased size of pupils 
of the eyes; Tension of limbs, slurred speech, semantically less 
adequate than usual; Can be mimic manifestations.

In addition to the above, the manifestations of fear can 
be in a less pronounced, disguised form, which is manifested 
in the denial of the dental treatment itself, the refusal to visit 
the dentist; Choice of goals of a higher level than treatment. 
It can be anosognosia; Avoiding visits to the dentist, also in 
the behavior of the patient in such a state there is an exces-
sive, unreasonable level of optimism; Reevaluation of impres-
sions; Can be criticism of dentistry in general, as a branch of 
medicine; Insufficiently high level of the patient’s culture can 
determine the manifestations of anger, rudeness, aggression 
towards the medical staff.

The sequence of measures to reduce the level of psy-
choemotional stress at the dental reception (depending 
on the type of psychoemotional reaction).

Regardless of the type of psychoemotional reaction, pa-
tients need to carry out activities for psychotherapeutic de-
sensitization:

1. The patient needs to clarify the preliminary treatment 
plan.

2. The patient mentally represents the alarm scale (the 
phenomena that cause him psychoemotional reaction).

3. To relax as much as possible (unobtrusive lighting is 
necessary, soft, relaxing music is permissible), breathe deeply 
and rarely.

4. After relaxation, repeatedly imagine the original scale.
The order of performing actions in general to reduce the 

level of psychoemotional stress:
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1) Recognize the reaction that is dominant, identify and 
understand the characteristic features of this reaction; Under-
stand the psychological need, which determines this reaction.

2) To show the patient an understanding of his features – 
to show by his actions the acceptance of the characteristics of 
his response, to carry out actions that encourage the charac-
teristics of the patient’s response.

3) To conduct an adequate impact: for rationally thinking 
patients it is necessary to give specific facts; Irrationally think-
ing patients require the use of appropriate forms of influence, 
i. e. It is necessary to adjust to them.

The procedure for dealing with a patient in a state of epi-
sodic anxiety, agitation, mobilization: the treatment process 
requires prior agreement with the patient on a signal corre-
sponding to the state of anxiety.

1) It is necessary to work with patients on the basis of 
understanding that his feelings, experiences are understood 
and taken into account.

2) In the work with the patient, pauses are necessary 3) 
In cases where interruptions in the actions are not possible, 
the patient needs to explain the routine of the situation, give 
an explanation of the nature and duration of the procedure.

The procedure for dealing with a patient in the event 
of a fear reaction.

1. It is necessary to confirm the naturalness of the experi-
ence of fear, to show sympathy to him, while it is appropriate 
to show him an understanding of discomfort, due to the pres-
ence of a state of fear; Also explain the positive side of fear, 
which mobilizes the body.

2. To designate a measure of fear, i. e. A sense of fear should 
not be harmful.

3. Determine the cause of fear. In most cases, the patient 
himself indicates a specific cause. If this does not happen, then 
help in establishing the cause of the questions, about what 
could have caused the appearance of fear of dental interven-
tion.

4. The reason to formulate the patient. 5. Show the pa-
tient an unreasonable level of the significance of the cause: to 
show the groundlessness of the reason, to give arguments. The 
arguments presented can be divided into two main types – 
the behavioral actions of patients received from communi-
cation with a person, the impressions received by oneself or 
colleagues; Received from sources of information – scientific 
data from publications, existing historical information.

The procedure for acting on the patient in case of a 
reaction of fear.

Overcoming fear involves the implementation of a num-
ber of actions related to the solution of the main task – en-
couraging the patient to possibly spend the emotional charge 
before treatment.

1. To associate oneself with the patient, to point out the 
manifestation of fear as a natural property of a person, to 
show the level of sympathy for the patient, the positivity of 
the manifestation of fear in life situations.

2. To give a correct understanding in the evaluation of fear 
management: to point out such moments that fear should not 
be a hindrance in the process of treatment, should not interfere 
with the communication of the doctor and the patient.

3. At this stage it is necessary to pay attention to specific 
methods of psychotherapeutic influence associated with the 
choice of breathing mode, switching attention, switching fear, 
confrontation, catharsis.
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SEXUAL DYSFUNCTIONS AMONG THE WOMEN WITH PRETERM OVARIAN FAILURE

Abstract: In 77.1% of the women with POF psychopathological and subjective significant sexual dysfunctions 
tended for mutual intensification with formation of “vicious circle” generally negatively effecting either progression 
of neurotic disorders or satisfaction by intimate relationships and marriage, as a whole, producing pessimistic attitude 
to the perspectives.

Keywords: preterm ovarian failure, sexual dysfunctions, women.
Preterm ovarian failure (POF) is a complex of symp-

toms characterized by secondary amenorrhea, hypoestro-
genia symptoms, and rise of gonadotropins’ (FSH, LH) rate 
in women under 40 [4, 6]. The performed epidemiological 
studies indicate a close link of the pathology with age. The fre-
quency of POF among women under 20 is 1:10 000, while in 
the age from 30 to 40 years old 1:1000 [3]. POF is observed in 
10–28% of the patients with primary amenorrhea, and 4–18% 
of women with the secondary amenorrhea [2]. Prevalence of 
POF in the population is equal to 1% [3, 4].

Sexual health is one of important aspects of the quality 
of life. In spite of the fact, that sexual problems are relevant 
to both genders, in literature there is prevailing opinion that 
sexual dysfunctions are more often met among women; ap-
proximately 95% of women have one or several dysfunctions 
[1, 7, 8]. Detection of specific risk factors provides a possibil-
ity of early diagnostics and treatment of sexual dysfunctions, 
by these means improving the quality of life. It is very impor-
tant to take into account stresses, especially those linked with 
pathologies and interrelationships in the assessment of the 
status of women with sexual dysfunctions [5, 10, 11].

In the modern time there are multiple researches per-
formed in the whole world [1, 9], for the study of the preva-
lence of sexual dysfunctions among women.

The objective of this study was determination of the 
prevalence of sexual dysfunctions among women with POF 
with the help of based questionnaires.

Materials and research methods: the study was done at 
the consultancy polyclinic of the RSSPMC of Endocrinology. 
We questioned 175 women, among them 105 women with 
natural menopause composed the first group, and 70 women 
with POF were included to the second one.

Inclusion criteria: absence of menstruation for more than 
one year; 2–4 folds increase of the FSH basal level compared 
to the normal value; women’s age from 35 to 55 years old; the 
women sexually active within the last 4 weeks.

Exclusion criteria: prolapsus of genitals; superior sexual tract 
abnormality; urinary infection; intake of drugs (antidepressants, 
anti-epileptic drugs, anti-cholinergic agents, due to their side-
effects on sexual function); absence of sexual activity for 4 weeks.

The questionary for independent fulfillment was divided 
to three parts. The first part was developed for the achievement 
of data about social-demographic parameters of women. The 
second part included a poll named “Female Sexual Function 
Index” (FSFI) including 19 questions with answers. FSFI in-
volved six parameters such as desire, excitement, lubrication, 
orgasm, satisfaction, and pain. Total FSFI score was from 2 to 
36 points. Total score ≤ 25 was considered to be female sexual 
dysfunction. [4]. The third part of the questionary consisted 
of the “Bek’s Depression Scale” (BDS) including 24 questions 
focused on the symptoms relevant to depression. BDS score 
gradation was from 0 to 63. The presence of depressive disor-
ders was stated at total score ≥ 17 BDS [5].

For the definition of sexual dysfunction risk factors we 
used logistic regression model. We performed double and 
multiple logistic regression. In the regression analysis there 
were seven parameters: group (natural and surgical meno-
pause), age, partner’s age, BMI, depression, duration of the 
marriage, education level were considered to be possible pre-
dictors of sexual dysfunction.

Statistical processing of the actual material and graphi-
cal images was performed with the help of IBM using SPSS 
software. Reliability of the data was assessed with the help of 
reliability criterion.
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Results of the study: Average age of the women in the 
first group was 51 ± 3.4 years old (from 47 to 55), average age 
in the second group was 40.0 ± 3.3 years old (from 35 to 40). 
Women in the first group were married for 25.0 ± 3.7 years 
average, while in the second one 19.0 ± 2.1 years (Р < 0.05).

The prevalence of sexual dysfunctions in the first group 
was 64.8% (68/105) and 77.1% (54/70) among the women 
of the second group, respectively. There were statistically reli-
able differences in the prevalence of sexual dysfunctions be-
tween the groups (р0.01).

In the analysis of the final score and FSFI parameters we 
observed statistical differences in the parameters such as de-
sire, excitement (Р < 0.05), orgasm (р < 0.05), dysparenuria 
(р < 0.01) between the first and the second groups. The total 
average FSFI score was reliably less in women with POF and 
was equal to 22.2 ± 0.47 points versus 24.1 ± 0.5 (Р < 0.01).

The prevalence of depression in these groups was 40.9% 
(43/105) and 50.0% (35/70) in the first and second groups, 
respectively. The analysis of the average BDS scores showed 
statistical differences between the groups (р < 0.01).

After double logistic regression we revealed the basic pre-
dictors of sexual dysfunction, such as partner’s age (р < 0.01), 
depression (р < 0.01), and social status (р < 0.05).

Women with POF had risk of development of sexual 
dysfunctions 9.5 folds higher than the women with natural 
menopause.

Thus, the analysis of typical profile of the questionary 
reflecting the most important parameters of female sexuality 

allowed us to reveal quite predictable differences in common 
(prognostic) parameters among the women with POF and 
natural menopause. The analysis of typical profile of the ques-
tionary showed that the lowest values in all three parts were reg-
istered in the women with POF, and that indicated negative or 
indifferent attitude of the greater part of these women to sexual 
activity. In the same group we noted the lowest ability to sexual 
excitement and the greatest problems with orgasm occurence.

Dominance of more expressed anxious-depressive symp-
toms and asthenia in the women with POF testified both se-
verity of psychopathological manifestations, negatively effect-
ing sexual sphere, and intensification of neurotic symptoms 
in several cases with growing sexual dysadaptation. In 77.1% 
of the women with POF psychopathological and subjective 
significant sexual dysfunctions tended for mutual intensifica-
tion with formation of “vicious circle” generally negatively ef-
fecting either progression of neurotic disorders or satisfaction 
by intimate relationships and marriage, as a whole, producing 
pessimistic attitude to the perspectives.

Conclusions
1. Women with POF have a risk of sexual dysfunctions 

development high than women with natural menopause.
2. Depressive disorders are more often observed in the 

women with POF.
3. Parameters such as excitement, orgasm, and satisfaction 

are the most significant aspects of sexual function in women 
during menopause.
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Abstract: The aim of the study was to study some parameters of immune reactivity of the oral cavity in the de-
velopment of lipopolysaccharide and immunocomplex inflammation in periodontal tissues. Thus, the differentiated 
approach of clinico-laboratory indices of lipopolysaccharide and immunocomplex inflammation of periodontal tis-
sues showed significant changes in the studied parameters of the protective system of blood and oral fluid.
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Inflammatory periodontal diseases represent one of the 

topical problems in dental practice and are the main cause of 
premature tooth loss [4, 12]. Recently, numerous studies have 
shown that the inflammatory process in the tissues of the peri-
odontium begins with the formation of dental plaques, mainly 
subgingival, as a result of colonization of the tooth surface 
by facultative anaerobes, primarily A. viscosus and S. Mutans 
[1, 8, 13]. In the initial colonization of the tooth, facultative 
anaerobes reduce the oxidation-reduction potential, thereby 
creating conditions for the reproduction of strict anaerobes, 
which are of great pathogenetic importance in the develop-
ment of periodontal diseases [2, 9, 10]. Favorable conditions 
for the reproduction of anaerobic microorganisms are created 
in the depth of dental plaques, where up to 400 species of vari-
ous microorganisms are isolated [12]. Many anaerobic bac-
teria are able to release toxic products and enzymes that have 
a cytotoxic effect, including collagenase, protease, hyaluroni-
dase, neuraminidase, etc., capable of destroying the tissues 
of the macroorganism [6, 7]. In the further development of 
the process, enzymes secreted by phagocytic cells – lysosomal 
hydrolases and neutral proteinases of phagocytes, RNAase 
and DNAase – may participate. Macrophages accumulating 
in large numbers in the inflammatory focus are the producers 
of prostaglandin E2 and thromboxane B2, which are found 
in the tissues of the gums in periodontal diseases [5, 7]. The 
more severe course of the inflammatory process with peri-
odontitis is explained by the fact that many microorganisms 
present in large amounts destroy IgA and IgG with their en-
zymes [3, 6]. By reducing the barrier function of the mucous 
membrane, these microorganisms facilitate the penetration 
and spread of toxic products, lytic enzymes and subgingival 
microflora in the periodontal tissues [11]. In the pathogenesis 
of periodontal diseases, an important role is played not only 
by microbial factors, but also by immunopathological mecha-

nisms – immunocomplex and cellular [12]. At later stages, an 
autoimmune component of the pathogenesis of periodontal 
diseases is added, which activates the complement system. 
Microbial antigens, cell decay products and dental plaque 
exchange products (chemoattractants) provoke an increased 
migration of segmented leukocytes and macrophages into 
the marginal epithelium. With the accumulation of specific 
antibodies (IgG and IgM), they form immune complexes 
with persistent antigens of a microbial nature, which should 
facilitate the purification of the mucosa from them [7, 14, 15]. 
The capture and degradation of immune complexes and their 
decay products are carried by migratory phagocytes activated 
by lymphokines into the inflammatory focus. If massive in-
flow of microbial antigens does not stop, mobilized protective 
mechanisms can lead to destruction of tissues. This is due to 
the release of phagocytic cells of lysosomal enzymes, among 
which neutral proteinases are most active: collagenase and 
elastase. They are capable of splitting the denatured collagen 
of the periodontal connective and bone tissues. In this case, 
the epithelium swells and loses a strong connection with the 
hard tissues of the tooth. One way or another, autoaggression 
mechanisms are formed that lead to a progressive, recurrent, 
irreversible course of periodontitis with atrophy of osteocytes 
and alveolar processes of the jaw [11].

Based on the above, the purpose of this study was to 
study some parameters of immune reactivity of the oral cavity 
in the development of lipopolysaccharide and immunocom-
plex inflammation in periodontal tissues.

Research material and methods. Subjects of the study 
were patients with chronic generalized periodontitis of mod-
erate severity. 68 patients aged 37 to 55 years and 13 volun-
teers aged 23 to 32 years were examined. They turned for help 
to the clinic of the Department of Therapeutic Dentistry of 
Bukhara State Medical Institute. Clinical and laboratory stud-
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ies were carried out using the equipment and apparatus of 
Bukhara State Medical Institute laboratories, as well as the 
immunological laboratory of the Institute of Immunology of 
the Russian Academy of Sciences.

Criteria for the inclusion of patients in the study: voluntary 
(written) and conscious participation in the study, the absence 
of severe concomitant pathology, the diagnosis of “periodon-
titis of moderate severity”, orthognathic bite, the presence of 
permanent orthopedic structures, the absence of no more than 
two teeth on each side of the jaw, the presence of single crowns, 
women lack of pregnancy, menopausal syndrome, the absence 
of bad habits: smoking, alcoholism, obesity.

The criteria for exclusion from the study: periodontitis 
of mild and severe severity, oral diseases, pathological types 
of occlusion, systemic diseases, difficulties with reading and 
filling out questionnaires, occupational hazards, disagreement 
with the conditions of the study. Criteria and non-inclusion 
in the study: alcohol dependence, drug dependence, the pres-
ence of acute somatic inflammatory diseases, age less than 28 
and older than 50 years.

Division of patients with the inflammatory process in 
periodontal tissues into groups was performed on the basis 
of clinico-laboratory signs of lipopolysaccharide and immuno-
complex inflammation. According to clinical and laboratory 
indicators, three groups were identified: 1. Group – patients 
without pathology in the oral cavity (healthy); 2 Group – pa-
tients who have an inflammatory process in the tissues of the 
periodontal lipopolysaccharide etiology; 3. Group – patients 
with instrumentally confirmed inflammation of the immu-
nocomplex etiology. The presence of a lipopolysaccharide 
inflammatory process in the examined subjects was assessed 
by the content of the morphological forms of the cellular ele-
ments of the leukocyte series in the peripheral blood (leuko-
cyte formula), inflammatory mediators (interferon y-IFNy, 
pro- and anti-inflammatory cytokines). The presence of im-
munocomplex inflammatory process in the examined subjects 
was evaluated by such indicators as components of the hu-
moral link of the innate immune response (C-reactive protein, 

complement components) and endothelial cell dysfunction 
(endothelin and von Willebrand factor).

Estimation of the periodontal tissue condition was car-
ried out with the help of the simplified hygienic index (UGI) 
-ON1-B, the index of hemorrhage of the gingival sulcus 
IR-SBI, the periodontal index (PI) –P.1.R, the depth of the 
periodontal pocket was measured with a graduated punched 
periodontal probe. All patients underwent X-ray examination 
to determine the condition of the periodontal bone tissue.

The concentration of pro-inflammatory (TNF-α, IL-1α, 
IL-6, IL-8), anti-inflammatory (IL-4, IL-10) cytokines and 
complement components (C3 and properdin factor B) was 
determined in serum and mixed oral fluid with sets of reagents 
of “Vector-Best” Closed Joint-Stock Company and NGO Tsi-
tokin in accordance with the methodology proposed by the 
manufacturer. Immunological studies were conducted jointly 
with the staff of the Research Institute of Immunology of the 
Academy of Sciences of Uzbekistan. A study was conducted: se-
cretory IgA (IgA secretory-IFA-BEST, producer of Vector-Best 
CJSC, Russia); lysozyme (LIZOTSIM–IFA-BEST, producer 
of Vector-Best CJSC, Russia). Statistical processing of data was 
carried out using the Microsoft Excel 2016 package (Microsoft 
SOG, USA) and Statistica version 6.0 (StatSoft Inc., USA). The 
characteristic values included estimates of the mean, variance, 
coefficient of variation, standard deviation. Verification of hy-
potheses about the existence of significant differences between 
the averages was carried out using Student’s t-test.

The results of the research and their discussion. Under 
the influence of the products of vital activity of parodonto-
pathogenic microorganisms (PPM), the dentogingival joint 
is damaged, which leads to an increase in the permeability of 
the epithelium of the oral mucosa. A direct response is an in-
tensive migration into the lumen of the dentogingival furrow 
of polymorphonuclear leukocytes and cells of the monocyte-
macrophage system. The proliferation of polymorphonucle-
ar leukocytes into the inflammatory focus occurs in several 
stages, the final of which is diapedesis of leukocytes between 
endothelial cells (transendothelial migration).

Table 1. – Absolute and relative number of subpopulations of immunocompetent cells in the 
examined subjects against the background of inflammatory periodontal diseases

Index Persons without paro-
dontium pathology

Lipopolysaccharide faces with in-
flammation of periodontal tissues

Persons immunocomplex with in-
flammation of periodontal tissues

1 2 3 4
Leukocytes, –109/l 5.4 ± 0.8 8.1 ± 1.3 6.1 ± 1.2
Lymphocytes,% З5.5 ± 1.0 29.7 ± 0.9* 39.9 ± 1.1*
СD3+,% 62.4 ± 2.0 55.2 ± 1.6* 67.3 ± 1.5*
CD3+, –109 1.12 ± 0.1 1.05 ± 0.2 1.88 ± 0.1*
CD4+,% 43.9 ± 1.5 39.4 ± 1.4* 37.5 ± 1.6*
CD4+, –109 0.78 ± 0.09 0.75 ± 0.05 0.65 ± 0.04
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1 2 3 4
CD8+, % 24.2 ± 1.3 26.1 ± 1.1 29.9 ± 1.2*
CD8+, –109 0.43 ± 0.04 0.49 ± 0.07 0.57 ± 0.06*
IRI, у. е. 1.81 ± 0.3 1.50 ± 0.2 1.69 ± 0.1*
CD16+, % 15.6 ± 0.9 17.5 ± 0.8 24.8 ± 0.4*
CD16+, –109 0.30 ± 0.01 0.32 ± 0.02 0.51 ± 0.03*

As can be seen from the presented research results, in pa-
tients with liposaccharide inflammation of periodontal tissues 
there was an increase in the number of leukocytes, whereas 
the level of the pool of lymphocytes was reduced when com-
pared with a group of individuals without periodontium pa-
thology (Table 1). The latter is accompanied by a decrease 
in the percentage of CD3+, CD4+. In the remaining indices 
of the absolute and relative number of subpopulations of im-
munocompetent cells in the examined subjects against the 
background of inflammatory periodontal diseases lipopoly-
saccharide etiology was not observed. Interesting dynamics 
was noted with inflammation of periodontal tissues of im-
mune complex aetiology, where an increase in the percentage 
of CD3+, CD8 and CD16+ was noted, while the percentage 
of CD4 + was decreased when compared with the control 
group. Consequently, the indices of cellular immunity in pa-
tients with inflammatory periodontal diseases are of a pecu-
liar nature. In patients with inflammatory periodontal disease, 
there was a significant decrease in the immunoreactive index 
of CD4 / CD8 (1.50 ± 0.2) compared with healthy individu-
als (1.81 ± 0.3). Therefore, the inflammatory disease of peri-
odontal tissues of lipopolysaccharide etiology is associated 
with disorders in the cell link of immunity: relative lympho-
penia, imbalance of T-cell subpopulations with a decrease in 

the relative values of T-helper content and an increase in the 
relative number of cells carrying the marker of natural killers 
(CD16). In individuals, inflammatory diseases of periodon-
tal tissues of immune complex aetiology are associated with 
impairments in immune status; an increase in the percentage 
of lymphocytes, as well as populations of lymphocytes (CD3, 
CD8, CD16).

Against the backdrop of inflammatory diseases of peri-
odontal tissues, the examined subjects noted disorders in im-
mune mechanisms of oral cavity protection, manifested by lo-
cal changes in the cytokine profile. One of the key links in the 
generalization of the pathological process in the periodontium 
is the mediator of inflammation of interleukin-1 (IL-1). IL-1 
stimulates the production of adhesion molecules by endothe-
lial cells, which facilitates the attachment of polymorphonu-
clear granulocytes and monocytes, as well as the mobilization 
of these cells into the inflammatory focus. Lipopolysaccha-
rides of the cell wall of odontopathogenic bacteria stimulate 
macrophages to produce pro-inflammatory cytokines, further 
their production is amplified by an autocrine mechanism. In 
addition, leukotoxin A. actinomycetemcomitans can trigger 
the abundant secretion of bioactive IL-1p by macrophages. 
With the constant massive intake of microbial agents, the pro-
duction of pro-inflammatory cytokines becomes excessive.

Table 2. – Cytokine profile of blood plasma and oral fluid in subjects undergoing 
a background of inflammatory diseases of periodontal tissues

Index Persons without paro-
dontium pathology

Lipopolysaccharide faces with in-
flammation of periodontal tissues

Persons immunocomplex with in-
flammation of periodontal tissues

Blood
IL-1|, pg/ml 1.72 ± 0.05 1.98 ± 0.08 9.9 ± 1.2*
IL –4, pg/ml 0.39 ± 0.2 1.25 ± 0.3 2.03 ± 0.8*
IL –6, pg/ml 1.69 ± 0.09 2.59 ± 0.76 17.3 ± 2.3*
Tumour necrosis 
factor -а, pg/ml 0.57 ± 0.01 1.17 ± 0.2 36.5 ± 3.1*

IF-у, pg/ml 2.1 ± 0.4 2.8 ± 0.5 4.5 ± 0.7*
Oral fluid

IL-1|, pg/ml 3.6 ± 0.23 21.9 ± 1.5* 44.5 ± 4.2*
IL-4, pg/ml 26.5 ± 1.7 32.6 ± 1.9* 54.4 ± 2.7*
IL-6, pg/ml 3.05 ± 0.08 10.4 ± 1.1* 25 ± 1.6*
Tumour necrosis 
factor -а, pg/ml 15.4 ± 1.1 36.4 ± 3.8* 112 ± 4.2*

IF-у, pg/ml 39.4 ± 2.3 97.5 ± 5.3* 231 ± 4.9*
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Proinflammatory cytokines also stimulate the produc-
tion of matrix metalloproteinases, reduce the production of 
the tissue inhibitor of metalloproteinases, induce the activity 
of the cytokine bone remodeling system RANKL (Receptor 
activator of nuclear factor kappa-Bligand), and thus potentiate 
the resorption of the alveolar bone, and directly activate the 
osteoclasts. One of the powerful anti-inflammatory cytokines 
is IF-y, which blocks the autostimulation of pro-inflammatory 
cytokines by macrophages. However, an increase in its level, 
as well as the level of IL-4, was insufficient to limit pro-inflam-
matory cytokinemia. Those. with inflammatory periodontal 
diseases, the anti-inflammatory response is unbalanced, which 
leads to an inadequate immune response to the periodontal 
pathogens and to the prolonged course of the inflammatory 
process in the periodontal tissues.

Based on the foregoing, it can be concluded that the inflam-
matory process in the periodontal tissues is accompanied by a 
significant increase in proinflammatory mediators and a smaller 
increase in the content of anti-inflammatory cytokines both in 
the oral fluid and in the blood, i. e. had a systemic character. Re-
vealed factual material can serve as an additional diagnostic and 
prognostic marker of the severity of inflammatory periodontal 
disease. Thus, the surveyed individuals with inflammatory peri-
odontal disease noted a multidirectional change in the content 
of pro- and anti-inflammatory cytokines both in the blood and 
in the oral fluid. In this case, the change in cellular immune reac-
tions is unidirectional and consists of a decrease in the relative 

number of the general population of lymphocytes, mature T-
lymphocytes, T-helpers, along with an increase in the relative 
number of subpopulations of natural killers.

In the pathogenesis of inflammatory periodontal diseases, 
an important role is played not only by microbial factors, but 
also by immunopathological mechanisms – immunocomplex. 
At later stages, an autoimmune component of the pathogen-
esis of periodontal disease is attached. This gives rise to a 
specific immune response, immune inflammation. With an 
increase in the amount of Gram-negative bacteria and their 
destruction, endotoxin is released, the action of which increas-
es the formation of IgM and reduces IgG. Antibodies related 
to IgM reacting with antigen-antibody reactivate the comple-
ment system. The complement system is one of the main ef-
fector mechanisms for the realization of both congenital and 
acquired immunity. And, despite the fact that all activation 
and regulatory mechanisms have not yet been determined, 
studies in this area demonstrate the importance of the com-
plement system for various diseases. The results of the studies 
presented by us testify to the undoubted contribution of the 
components of the complement system to the pathogenesis 
of immunocomplex inflammation of the periodontal tissues. 
The resulting immune complex with IgG and IgM class anti-
bodies is one of the reasons for the conformational changes 
and provides the start of a cascade of complement-dependent 
cytolysis, which is often complicated by damage to the peri-
odontal tissues.

Table 3. – Dynamics of the quantitative content of the complement component of the 
classical pathway of immunoglobulin M and G in the subjects (mg/dL)

Index
Persons without 

parodontium pathol-
ogy

Lipopolysaccharide faces with 
inflammation of periodontal 

tissues

Persons immunocomplex with 
inflammation of periodontal 

tissues
The complement compo-
nent of C3 65.4 ± 4.81 78.1 ± 6.32 176.1 ± 10.24*

The complement compo-
nent of C5a (pg/ml)
Immunoglobulin M

2.33 + 0.11

155.5 ± 11.02

3.28 + 0.13*

99.7 ± 4.96*

5.86 + 0.44*

239.9 ± 17.12*
Immunoglobulin G 1062.4 ± 23.07 1255.2 ± 31.62* 1667.3 ± 43.54*

As can be seen from the presented research results (Table 2), 
all patients had significant differences in the degree of activity 
of the classical complement pathway, in particular, the content 
of the C3 complex component. The observed high activity of 
the classic complement pathway in the examined patients of 
groups with immunocomplex etiology may be associated with 
the need to resist tissue damage. Based on the aggregate of the 
data obtained in the study, it is suggested that the recorded 
continuation of the activation of the classical complement 
pathway in patients is associated with an increase in the se-
rum of the titer of antibodies of class M and G, both endog-

enous and microbial in nature. Microbial invasion could be 
realized due to the translocation of microflora from the focus 
of inflammation caused by endothelial dysfunction. Due to 
the adequate response of the innate immune system, bacterial 
invasion was not fatal, and presentation of the antigen to cells 
of the adaptive immune response allowed switching the im-
mune defense to the next level, with the synthesis of specific 
antibodies, in particular the transition to the formation of im-
mune complexes and indirectly, the connection to the process 
of inflammation of components adaptive immune response. 
However, it is possible that relatively high levels of activity of 
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the classical pathway observed in the patients being examined 
indicate a sufficient severity of the immune response in this 
category of patients, which, apparently, is associated with the 
depletion of immune response reserves due to the progression 
of the underlying disease in the previous period.

Complement C5a is a multicomponent enzyme system of 
plasma, which manifests upon activation of the function of ly-
sis and opsonization. So initially the amount of this component 
in healthy individuals was at the level of (2.33 + 0.11 pg/ml). 
In patients with the immunocomplex etiology of inflamma-
tion, its higher concentrations (5.84 + 0.44 pg/ml) were deter-
mined, which exceeded them by a factor of 2. It is known that 
the complement system C5a is always in a state of readiness, 
but its activity is minimal. This watchdog function is ensured 
by fixing the C3 subunit of complement on pathogens and 
the host’s own tissues. Through this component of comple-
ment all three known ways of activation are realized: classi-

cal, lectin and alternative. When C3 is initialized through any 
of the pathways, the whole complement activation pathway 
progresses, resulting in the formation of anaphylactic C5a and 
terminal membrane-attack complex C5B-C9. Accordingly, 
high concentrations of C5a, determined in the group by the 
immunocomplex etiology of inflammation of the periodontal 
tissue, are predisposing to the formation of autoagression to 
the periodontal tissues. A prolonged increase in the levels of 
this subcomponent of complement potentiates the damaging 
effect of membrane-binding complexes and leads to traumati-
zation of tissues, including the vascular endothelium.

Thus, the differentiated approach of clinico-laboratory in-
dices of lipopolysaccharide and immunocomplex inflammation 
of periodontal tissues showed significant changes in the stud-
ied parameters of the protective system of blood and oral fluid, 
which is closely related to the degree of damage to periodontal 
tissue, the duration of the disease and inadequate therapy.
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FUNCTIONAL AND MORPHOLOGICAL FEAUTURES OF WOUND HEALING 
PROCESS IN THE MUCOSA OF THE NOSE AND MAXILLAR SINUSES IN PATIENTS 

WITH CHRONIC INFLAMMATORY DISEASES OF PARANASAL SINUSES

Absrtact: the aim of the study was to study the features of the regeneration process occurring in the mucous 
membrane of the nose and paranasal sinuses against the background of its chronic inflammation. The material for 
the study was 70 patients with chronic inflammatory diseases of the paranasal sinuses. In the course of the studies, 
a correlation was found between the mucociliary clearance rates and the regenerative processes of the mucosa in 
chronic sinusitis. In this regard, it was concluded that functional tests of the evaluation of the mucosal state are the 
most informative and significant, since they allow us to select an adequate surgical tactic in patients with chronic 
rhinosinusitis.

Keywords: chronic sinusitis, mucociliary transport, regeneration, mucous membrane.
Regenerative processes of the nasal mucosa and parana-

sal sinuses after surgical treatment against the background of 
chronic inflammation and the methods of its rehabilitation 
are only being studied. Wound healing is a fairly standard se-
quence of various physiological processes that begin with any 
damage to the body’s protective covers.

The study of the regenerative characteristics of various 
tissues of the body is under the close attention of specialists 
all over the world. With the direct participation of morpholo-
gists, histologists, pathophysiologists, biochemists and spe-
cialists in other theoretical disciplines, this problem, due to 
its relevance, increasingly finds a positive and well deserved 
response from clinicians of different specialties.

The course of the wound process after intra-nasal surger-
ies is largely determined by the treatment that is performed 
in the postoperative period. Errors in the introduction of the 
postoperative period affect the long-term results of surgical 
intervention. The analysis of literature data shows that there 
are no generally accepted standards in the management of 
the postoperative period after endonasal intervention. This 
applies primarily to questions about tamponade of the op-
erating cavities, as well as to the appointment of antibiotics, 
corticosteroids, repellents and mucoregulating medications 
in the postoperative period.

In the first, exudative or inflammatory phase primary 
protective mechanisms are activated, including stopping 

bleeding and antimicrobial protection, carried out by the 
hemostatic system, neutrophilic granulocytes and macro-
phages. These mechanisms initiate and support subsequent 
wound healing processes. The second, proliferative phase 
serves as the basis for the preparation for subsequent repara-
tive processes: proliferation of fibroblasts occurs, granula-
tion tissue is formed, angiogenesis is initiated. In the third, 
reparative phase, collagen synthesis and restoration of the 
protective cover takes place.

The standard optimal scheme for maintaining the post-
operative period, determining the duration of the tamponade, 
the principles of care for wound surfaces, and also local or 
systemic use of drugs, does not exist to the present day. A 
variety of techniques for conducting the postoperative period 
are used by otorhinolaryngologists in their daily practice, but 
their advantages or disadvantages remain highly controversial.

The purpose of this study was to study the characteris-
tics of the regeneration process occurring in the mucous mem-
brane of the nose and maxillary sinus against the background 
of its chronic inflammation. These features of regeneration 
ultimately influence the pathogenetic mechanisms of the de-
velopment of the disease and often determine its clinic.

The material of this study was 70 patients with chronic 
sinusitis, who entered the ENT department in the period from 
2012 to 2016. Among them were 33 women and 37 men aged 
18 to 65 years.
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All examined patients with chronic sinusitis in the study 
of the features of the course of the postoperative period were 
conditionally divided into groups depending on the form of 
the chronic inflammatory process.

The division into groups was carried out according to the 
most rational classification for clinical practice, proposed by 
B. S. Preobrazhensky in 1956. In this classification, the author 
took as a basis the pathoanatomical principle in combination 
with the clinical data most characteristic for one form or an-
other. According to this classification, the following forms of 
chronic inflammation of the maxillary sinus are distinguished:

1. Exudative forms: (catarrhal, serous, purulent);
2. Products: (parieto-hyperplastic, polypoid, cystic);
3. Alternative forms: (cholesteatom, caseous, necrotic, 

atrophic, fibrous).
In accordance with this classification, all patients were 

conditionally divided into 3 clinical groups. The first group 
included 24 patients with exudative forms of chronic sinus-
itis. The second group included 35 patients with productive 
forms of chronic sinusitis. The third group included 11 pa-
tients with alternative forms of chronic sinusitis. In the case 
of a mixed form, we considered the patient in a group with 
more pronounced changes. For example, in the case of pu-
rulent-polypoid maxillary sinusitis, we referred the patient 
to the second clinical group with patients with productive 
inflammation.

All patients underwent a study of mucociliary transport, 
for this purpose we used a standard saccharin test. In addi-
tion, all patients underwent endoscopic examination of the 
nasal cavity. This non-invasive method requires a minimum 
of time and is completely tolerated by the patient. In deter-
mining the normal parameters of healing of the nasal mucosa 
and paranasal sinuses, we took into account the physiological 
state of the nasal cavity. For example, during breathing, the 
passage of a stream of air leads to the drying of the wound sur-
faces and can act as one of the mechanical factors affecting the 
healing. Often a wounded scab and a withered secret form a 
significant amount of crust in the nasal cavity, which naturally 
causes inconvenience to the patient. At the same time, many 
patients independently remove from the wound surfaces the 
crusts formed by blowing out or mechanical removal. Thus, 
not only therapeutic, but also physiological mechanisms influ-
ence the process of wound healing of the mucous membrane 
of the nasal cavity. Exclusion of these influences would be pos-
sible with artificial obturation of nasal passages, however this 
method is not welcomed by many physicians and is poorly 
tolerated by patients. In addition, it must be remembered that 
in chronic inflammation the mucosa is already altered by the 
pathological process and the methods of its rehabilitation are 
only being studied.

Results of the study. We conducted an endoscopic ex-
amination of the process of natural wound healing after max-
illary sinus anemia, both through the anterior wall, and the 
endonasal method performed for their chronic inflammation.

Based on endoscopic and cytological studies, we identi-
fied three main phases of wound healing in the nasal cavity. 
The first phase – healing under the formed blood clot, lasts an 
average of 7–10 days. The second phase, postoperative lym-
phatic edema, lasts an average of 17–25 days. The third phase 
is tissue restructuring and epithelialization.

With endoscopic examination, we could observe that the 
first 7–10 days postoperative wounds covered the formed 
blood clots. Their removal occurred as a rule in the self-flag-
ging by the patients themselves, after which the granulation 
surface, covered with the regenerating mucosa, became vis-
ible. The presence of blood clots or crusts does not make it 
possible to fix exactly the moment of appearance of the first 
granulations. In addition, approximately at the same time, 
lymphatic edema of the tissues usually develops. With a sig-
nificant postoperative edema in the canopy of the nose, the 
aeration of the operated cavities is severely disrupted. The pro-
longed contact between the middle nasal concha and the na-
sal septum arising from the swelling, can cause the formation 
of synechia. In most patients (67%), edema disappeared by 
the end of the fourth week, in 14% it disappeared before four 
weeks, and in 19% the edema was stopped after four weeks.

The normalization of the functional parameters of the 
operated paranasal sinuses in most patients (71.4%) was re-
corded by us from the fourth to the seventh week after the 
operation. On the concave surfaces of the nasal cavity, in the 
open sinuses of the latticed bone, in the area between the 
middle nasal cavity and the lateral wall of the nasal cavity, as 
well as between the nasal conchae and the nasal septum, we 
noticed an increased formation of crusts. Apparently, in con-
nection with this, frequent formation of synechia and scarring 
are noted in these areas.

We do not recommend the instrumental removal of 
crusts, except for cases of excessive formation, accompanied 
by a sharp violation of nasal breathing.

In our studies, the rate of reparative processes of the na-
sal cavity and paranasal sinuses has always depended on the 
severity and prevalence of the pathological process, the fea-
tures of operative technique and the treatment used in the 
postoperative period.

The speed of the healing process can vary greatly in dif-
ferent patients and even when comparing the right and left 
sides of the same patient. In addition, we came to the con-
clusion that postoperative inflammation, edema and sub-
sequent scarring are directly proportional to the volume of 
surgical trauma. In this regard, you should try to minimize 
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the removal of tissue after which the open wound surfaces 
remain. During intra-nasal operations, crushing and stretch-
ing of the left intranasal structures should be avoided. Me-
chanical and thermal damage to the mucous membrane also 
leave behind small necrotic particles, which in the future 
can be a nutrient medium for microorganisms, as well as 
initiate scar processes. The more fibrin matrix is   formed as 
a result of surgical trauma, the more likely that the deposi-
tion of collagen by fibroblasts will lead to the formation of 
cicatricial synechia.

Regarding postoperative lymphostasis, we believe that, af-
ter a surgical trauma, the lymphatic system of the nasal cavity 
can’t fully perform its functions to remove fluid from the focus 
of inflammation. This leads to a violation of the equilibrium 
of the oncotic and hydrostatic forces and, as a consequence, 
the destruction of the cells. Fibers accumulating in the inflam-
matory focus, lipids and the remains of broken cells maintain 
an inflammatory response, which increases the proliferation 
of fibroblasts.

Thus, our studies allow us to conclude that the wound 
healing of the nasal mucosa and paranasal sinuses after surgical 
treatment against a background of chronic inflammation pro-
ceeds according to the same laws as the healing of the healthy 
mucous membrane, although much more slowly.

In this case, we were primarily interested in the timing 
of healing of postoperative wounds, as well as the timing of 
recovery of functional parameters of the nasal mucosa and 
paranasal sinuses.

As is known, after surgery in the nasal cavity and para-
nasal sinuses, a so-called traumatic inflammation develops, 
characterized by hyperemia and edema of the mucous mem-
brane, difficulty in nasal breathing, the presence of liquid de-
tachable and the formation of fibrin deposits on the mucous 
membrane.

The transport function of the mucous membrane of the 
nasal cavity was controlled by the saccharin test on the 5th day, 
the 10th day, and one month after the operation (the norm of 
5 to 19 minutes). The data are presented in (Table 1).

Table 1. – Characteristics of indicators of mucociliary transport of the nasal mucosa prior 
to surgery and in the postoperative period, depending on the form of the disease

Time of perform research 1 group 2 group 3 group
Before operation 17–35 min 24–45 min 26–52 min
5 days after operation 35–54 min 42–61 min 46–65 min
10 days after operation 25–30 min 29–37 min 27–41 min
Month after operation 14–23 min 20–31 min 23–38 min

In the postoperative period, patients complained mainly 
of difficulty in nasal breathing, nasal congestion, mucous dis-
charge from the nose, discomfort and dryness in the nose. 
When examined in the postoperative period on the 7th day, 
postoperative wounds are covered with hemorrhagic crusts, 
an insignificant amount of mucous discharge, in some patients 
a pronounced edema remains. By the end of the second week, 
there was a marked improvement in the clinical picture and 
gradual recovery of functional indicators.

In addition to studying the parameters of mucociliary 
transport of the nasal mucosa before and during the postop-
erative period, we conducted a study of mucociliary transport 

of the mucosa of the maxillary sinuses in the postoperative 
period in patients with chronic sinusitis in dynamics.

Analyzing and comparing the results of functional 
(definition of mucociliary clearance) and morphological 
studies, we have revealed some distinct patterns. When the 
mucociliary clearance of the maxillary sinus is less than 
90 minutes, the morphological changes in the mucosa 
were reversible. Irreversible morphological changes in the 
mucous membrane of the maxillary sinus corresponded 
to mucociliary clearance for more than 90 minutes or its 
complete absence. The results of the study are presented 
in (Table 2).

Table 2. – Characteristics of indicators of mucociliary transport of the mucosa of 
the maxillary sinuses in the postoperative period in patients with chronic sinusitis 

and maxillofacial dysfunction depending on the form of the disease

Time of perform research 1 group 2 group 3 group
Before operation 40–55 min 70–95 min 90–105 min or not
5 days after operation 54–62 min 79–88 min 103–112 min or not
10 days after operation 35–48 min 52–67 min 78–92 min
Month after operation 31–45 min 44–51 min 61–86 min
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As is known, the indicator of mucociliary transport of the 
mucosa of the maxillary sinus of a healthy person is on the 
average 30–35 minutes.

Thus, analyzing the data given in the (table 2), it can be 
noted that by the end of the third week after the operation, the 
functional parameters of the mucosa are almost completely 
restored. However, it should be noted that healing processes 
in some patients can last up to 3–6 months, which, appar-
ently, is due to the individual characteristics of the organism. 
In our studies, the normalization of the morphological and 
functional parameters of the operated paranasal sinuses in 
most patients (71.4%) was recorded by us from the fourth to 
the seventh week after the operation.

Thus, we can draw the following conclusions:
1. The rate of reparative processes of the mucous mem-

brane of the nasal cavity and paranasal sinuses always depends 
on the severity and prevalence of the pathological process. In 
addition, the speed of wound healing is affected by the tech-
nique used and, of course, the treatment used in the postop-
erative period.

2. Given the correlation between mucociliary clearance 
rates and morphological changes in the mucous membrane 
in chronic inflammatory diseases of the paranasal sinuses, we 
consider the functional tests of the evaluation of the mucosa 
as the most informative and significant, since they allow us 
to select an adequate surgical tactic in patients with chronic 
rhinosinusitis.
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MODERN ASPECTS OF TREATMENT OF RHONCHOPATHY

Abstract: Snoring is very common in the general population with around 35–45% of men and 15–28% of women 
reporting habitual snoring. We studied 25 full text publications from base of PubMed from 2015 to 2017 on the topic 
“rhonchopathy”. The study showed that the diagnose and treatment of rhonchopathy requires a careful approach, 
which further improves the effectiveness of treatment and improving the quality of life of patients.
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Snoring is the hallmark symptom of a spectrum of sleep-

related breathing disorders collectively termed sleep-dis-
ordered breathing (SDB) [2]. Snoring is not a symptom of 
either sleep-related hypoventilation, as occurs in neuromus-
cular diseases or obesity, or the breathing patterns in Cheyne–
Stokes respiration [2]. The pathophysiological cause of SDB 
is sleep-induced intermittent airway obstruction. At one end 
of the spectrum is nonapneic or primary snoring without 
arousals, oxygen desaturations or significant changes in in-
trathoracic pressure. At the other end of the spectrum is severe 
obstructive sleep apnea syndrome (OSAS) characterized by 
frequent apnea/hypopnea events, abnormally negative intra-
thoracic pressures, frequent arousals and disrupted sleep ar-
chitecture, leading to excessive daytime sleepiness (EDS) [4]. 
Milder forms of OSAS and upper airway resistance syndrome 
(UARS) also form part of the spectrum. Patients with UARS 
have arousals during sleep related to abnormally increased 
work of breathing and increased upper airway resistance, but 
the respiratory disturbance index (RDI) may remain normal. 
These arousals commonly result in symptoms of EDS [5].

The aim of the review was to study the views on modern 
methods of diagnosing and treating rhonchopathy.

Materials of research was 25 full text publications from 
base of PubMed from 2015 to 2017 on the topic “rhonchopathy”.

Results of research. Snoring is very common in the gen-
eral population with around 35–45% of men and 15–28% of 
women reporting habitual snoring [1]. Risk factors for the 
development and worsening of snoring include increasing 
age, male gender, obesity (in part used as a proxy marker for 
neck circumference), alcohol ingestion, smoking, sedative 
use and nasal obstruction. Snoring is also more common in 
respiratory conditions such as asthma and chronic obstruc-
tive pulmonary disease (COPD) [1]. Clearly, therefore, the 

majority of individuals who snore do not suffer from OSAS 
with EDS and would be classified as non-apneic or simple 
snorers. Obviously, however, a large proportion of this popu-
lation would not be sufficiently disturbed by snoring to seek 
medical advice and, indeed, it is not clear from the current 
research what proportion of people would seek treatments if 
these were both successful and easily available.

Of relevance to the treatment of non-apneic snoring with-
in a UK context, two RCTs [2] were identified that had been 
conducted within the UK. Both of the trials were excluded 
from the review as neither, in line with current UK practice, 
had undertaken PSG or oximetry at baseline if patients pre-
sented with an ESS score of less than 10. Obstructive sleep ap-
nea had been ruled out in patients in both studies on the basis 
of the ESS score and clinical examination. The first of these 
trials, conducted by some authors [3], assessed differences 
in postoperative pain with LAUP compared with coblation 
uvulopalatoplasty in conjunction with tonsillectomy (CP). 
The impact of surgical technique in the reduction of subjec-
tively assessed snoring loudness was also assessed at 1 year 
in the 30 patients completing treatment. Results indicated 
that there was a significant reduction in snoring loudness in 
both groups but no between-group differences were observed. 
However, significant reductions in postoperative pain were 
observed in the CP group after day 8 and were maintained 
until after day 15.

The second trial another authors [4] compared LAUP 
with punctate palatal diathermy in 83 patients. At a mean 
follow-up time of greater than 18 months there were no sta-
tistically significant differences between the treatment groups 
in measures of patient perception of benefit from surgery or 
subjective evaluations of snoring improvement. In the post-
operative period, however, there were significant differences 
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in the degree of pain in favour of treatment with punctuate 
palatal diathermy (mean difference = 22.14; 95% CI 7.98–
36.31). The relative risk observed for treatment complications 
for LAUP relative to punctuate palatal diathermy was 1.42 
(95% CI 0.93–2.17).

The study of foreign scientists [6] was a RCT. Participants 
were studied at both shortterm and long-term follow-up times 
with results from the two time points reported separately in 
two papers published.

The other study [5] was a non-randomized CCT. Across 
the two studies there were a total of 107 non-apnea snoring pa-
tients, of whom 45 underwent UP3 and 62 underwent LAUP. 
The baseline test to rule out OSAS [5] was an overnight sleep 
study using a DENSA Compact Sleep Apnea Screening Sys-
tem; in some study [8] it appeared to be oximetry. Partici-
pant baseline demographics in both of the studies were not 
reported separately for the UP3 and LAUP groups except for 
age in the another study. The mean age of the participants 
ranged from 49.40 to 51.96 years. The proportion of men was 
87% and 76% in the two studies respectively.

Evidence on the clinical effects of UP3 versus LAUP was 
limited. The two identified studies [2,7] were of poor quality 
and few between-group comparisons were made. Heterogene-
ity between the two studies precluded pooling of the evidence. 
One RCT [6] assessing the SI found that it was significantly 
reduced in both the UP3 and the LAUP groups (n = 18 and n 
= 29 respectively) at short-term follow-up after surgery (mean 
3.4 months, range 2–11 months) but there was no significant 
difference between the two groups in the number of patients 
who had either a lower SI or a higher SI after the surgery. The 
UP3 (n = 11) and LAUP (n = 12) SI of 23 patients pooled 
from the two groups dropped from 135.6 snores/hour at 
baseline to 38.2 snores/hour at short-term follow-up and 
21.7 snores/hour at long-term follow-up (median 45 months, 
range 29–56 months). The reduction from baseline to long-
term follow-up was statistically significant. SI decreased from 
baseline to long-term follow-up in both the UP3 and LAUP 
groups; however, the reduction was not significantly different 
between the two groups.

Based on very limited evidence from two small poor-qual-
ity studies UP3 appears to be more efficacious than LAUP in 
improving some subjectively measured snoring outcomes and 
snoring-related problems. However, this effect was not consis-
tently observed across all subjective outcome measures. Both 
UP3 and LAUP seemed to reduce the SI and snoring loudness; 
however, the effects did not differ between the two operations.

A total of seven studies assessed the effects of RFA tech-
niques [2]. In six of the studies surgery was to the soft pal-
ate [3] and in the remaining study it was to the tongue base 
[4]. The available evidence consisted of one RCT [6], which 

compared soft palate RFA with placebo; one CCT conducted 
[5], in which soft palate RFA was compared with the short-
term use of a MAS; and five pre–post studies, four of which 
assessed RFA to the soft palate [8] and one that evaluated 
bipolar RFA of the tongue base [7].

Study sample sizes were small ranging from 9 to 45 par-
ticipants, with a median of 20. Overall there was a total of 151 
participants across the studies. Duration of follow-up ranged 
from 10 weeks to 1 year.

In six of the studies patients had undergone a PSG at base-
line to rule out OSAS [1] and in the remaining study patients 
had undergone a sleep study (type unspecified) [1]. Investi-
gations at baseline to assess the site of airway narrowing in-
cluded clinical examination alone [4]; clinical examination in 
conjunction with endoscopy plus or minus cephalometric ra-
diography [3]; lateral cephalometry alone [4]; and endoscopy 
alone [6]. In one study baseline tests were not reported [8]. 
The age range of participants included in the studies was from 
26 to 67 years. Some authors [7] assessed bed partner-rated 
snoring levels, ESS and postoperative adverse events in 23 
patients (12 in the RFA group and 11 in the placebo group).

From the small number of studies available the evidence 
suggests that at 1 year of follow-up after RFA of the soft pal-
ate there is a significant decrease in partner-reported levels of 
snoring severity. However, any treatment benefit with RFA 
may only be moderate as an unweighted mean decrease of 
only 3.24 points was observed for partner-reported snoring 
levels. Additionally, relapse rates may be quite high at longer 
follow-up times. There is no strong evidence to suggest that 
subjectively assessed partner-reported snoring levels are cor-
related with objective measures of snoring sound intensity. 
In all studies treatment with RFA had a positive effect on lev-
els of ESS but in only two studies did these reach statistical 
significance. However, this is likely to be a reflection of the 
fact that patients’ baseline levels of ESS were within the range 
considered normal, and therefore a floor effect would be in 
operation. The majority of the available evidence suggests that 
RFA has no detrimental or positive effects upon any PSG pa-
rameters, such as AHI or sleep oxygen saturation levels. Ad-
ditionally, there was no evidence either from cephalometric 
or from MRI-assessed measurements of the palate that RFA 
has any overall significant effect on palatal width or length. No 
serious adverse events were reported and overall complication 
rates across the studies were low.

Five studies reported in six publications assessed the ef-
fects of palatal stiffening techniques for palatal flutter snoring 
[2]. Four studies assessed palatal implants and one assessed 
injection snoreplasty. The available evidence base consisted of 
one small RCT that evaluated the effects of increased rigid-
ity in palatal implants [3] and four pre–post studies, three 
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of which assessed palatal implants [7] and one that assessed 
injection snoreplasty [4]. Overall across the studies a total of 
134 participants were included. Study sample size was small 
ranging from 12 to 40 with a median of 27. In the four studies 
that assessed palatal stiffening techniques [1] the duration of 
follow-up ranged from 3 to 12 months.

From the limited evidence available it appears that, in the 
year after treatment with Pillar implants, there is a significant 
decrease in partner and patient-reported levels of snoring se-
verity. However, this treatment benefit appears to be relatively 
modest, with an unweighted mean decrease of 2.68 points on 
a 10-point VAS scale.

None of the studies attained a mean post-treatment score 
of less than 4 and, in the two studies in which it was reported, 
only 23.5% and 22% of patients achieved a VAS score of < 3. 
There is no evidence to suggest that partner-reported levels 
of snoring severity are corroborated by objective measures of 
snoring sound intensity, as no significant differences in any 
measure of objective snoring sound intensity were reported. 
In all studies Pillar implants had a significant positive benefit 
on ESS scores, but these were within the range considered 
normal at baseline. The limited available evidence also sug-
gests that the use of Pillar implants does not have any signifi-
cant positive or negative effects on any PSG-measured indices 
and, where any changes were reported, these may well be re-
lated to the ‘noise’ associated with the measurement of these 

parameters. Postoperative pain and swallowing and speech 
difficulties were all rated as mild or mild to moderate, and the 
use of the technology does not appear to be associated with 
any moderate or serious adverse events.

Given the limited very poor-quality evidence available on 
the effects of injection snoreplasty it is not possible to draw 
any conclusions regarding the safety and efficacy of this treat-
ment without consideration of substantive further evidence 
on the use of this technology.

The study, conducted by many authors [3, 7, 8], assessed 
the effects of Continuous positive airway pressure (CPAP) 
in the treatment of non-apnea snoring. The aim of the study 
was to evaluate the effect of discontinuing nasal continuous 
positive airway pressure (NCPAP) treatment on the snoring 
characteristics of patients. The study included 18 non-apnea 
snorers who were allocated to either NCPAP or a no-treat-
ment control group. The control group were studied twice, at 
baseline and at 30 days’ follow-up.

There is very little evidence available on the effects of 
CPAP for the management of non-apnea snoring. What evi-
dence is available suggests that the use of CPAP may be effec-
tive in reducing levels of snoring, without having any adverse 
effects on PSG-measured parameters. However, given the 
poor-quality evidence available it is not possible to draw any 
definitive conclusions regarding the efficacy and safety of the 
use of CPAP for the management of non-apneic snoring.
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TO CHOOSE THE CAPACITY OF SURGICAL METHOD FOR LOCAL RENAL CARCINOMA

Abstract: The organ preserving operations at the kidney cancer do not influence significantly on the frequency 
of local and regional metastasizing at identical parameters of one-year lethality at RNE. Besides, the kidney resection 
results in significant improvement of quality of life in the patients that promotes to early medical – social rehabilitation.

Keywords: kidney cancer, localized cancer, nephrectomy, partial resection.
Despite of the achievements in the clinical oncology, the 

question of a choice of volume of surgical treatment at an 
early cancer of a kidney has been remained to be debatable. 
The supporters of both organ removing and organ preserving 
surgeries submit their arguments, which come to the radical-
ism and improvement of quality of life of the patients. Last 
years many authors consider performance of organ preserv-
ing operations at “small” tumors (d = 4 см) as to be not only 
radical, but also more safe method, from the point of view of 
postoperative complications and lethality, in comparison with 
nephrectomy [1, 4, 5]. However, as the experience of many 
researchers shows, the performance of this or that method in 
the persons above 50 years has been far from the resolving 
until now. In particular, a variety of opinions and absence of 
uniform opinion about volume of operation is based on pres-
ence of multiple accompanying pathology at the elderly age 
that undoubtedly aggravates the burden of the postoperative 
period [2, 3, 6]. Besides in the literature practically there are 
no information on performance of resection of a kidney at Т1 
stage cancer based on voluminous clinical material.

The estimation of potential advantages at a choice of a 
type of kidney resection in the patients above 50 years of age 
is the purpose of the present research.

Materials and methods: 132 patients with verified renal 
cellular carcinoma at stage Т1а-b, N0–1, M0 who underwent 
nephrectomy or kidney resection in the urologic departments 
of RSRPMC of oncology and radiology and Tashkent branch 

for the period from 2009 for 2016. The complex diagnostics 
included clinical examination and instrumental investigations. 
Needle biopsy of a tumor of diameter to 4 cm was made under 
the control of ultrasonography. In tumors of diameter, more 
than 4 cm biopsy was not made, taking into account an oppor-
tunity of hematoma occurrence that can deform the true sizes 
of a tumor during operation. In the completely positive result 
of biopsy was received in 89 of 95 biopsies performed (11%), 
that allowed verification before the operational diagnosis of 
cancer. As a whole, analyzing results after operational histo-
logical conclusion with the data obtained before operational 
needle biopsy came to the conclusion, that informativity of 
the needle biopsy accounted for 93–95% of the patients.

Except for needle biopsy, all patients underwent Doppler 
examination, ultrasonography of kidney vessels that allows 
determination a degree of vessels involvement into tumorous 
infiltration or presence of tumorous thrombus. It should be 
noted that presence of a blood clot in the renal vein with the 
help of Doppler and ultrasonography was revealed in 8 of 74 
patients with Т1в stage.

Depending on volume of surgical intervention all patients 
were divided into 2 groups of comparison: 1 – basic groups 
consisted of 38 patients, which were performed organ preserv-
ing operation – kidney resection; 2 – control group included 
94 patients, who were carried out nephrectomy.

Resection of kidney and nephrectomy were maid by 
transabdominal access, except for several cases of palliative 
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nephrectomy by lumbar approach at the weakened patients 
of elderly age. At performance of various variants of kidney 
resection (fig. 2) we consider that it is obligatory to apply re-
nal pedicle on the turnstile with consequent hypothermia of 
a resection zone. During formation of hemostatic suture the 
resection zone was sutured through all parenchyma; and by 
a tightening installed narrowing local microvessels. Irrespec-
tive of a kind of resection hemostatic stage of operation was 
finished by application of 8-shaped suture with consequent 
tamponade of a zone of резекции with preparation Lagoden.

The pathomorphological investigation of the removal tu-
mor was performed according to standardized technique of 
P. Quieke and co-authors (14), where the basic characteristics 
were definition of tumorous cells in the line of resection, the 
depths of tumor invasion, presence of tumorous impairment 
in the regional lymphatic nodes and cellular thrombus struc-
ture. Statistical analysis was carried out with use of program 
SPSS16 (SPSS Inc.Chikaga, Illinois, USA).

Results and discussion: The analysis of the data ob-
tained shows, that according to gender parameters the groups 
of comparison had no significant differences: in both groups 
the men prevailed, the ratio in relation to women was 3:1. 
Median of age gradation according to groups of research was 
61 and 60.5 years. In both groups, there were patients of more 
senior age that was characterized by presence of one or several 
accompanying pathologies. On the basis of complex inves-
tigation it was established, that among the patients exposed 
to OPO (organ preserving operations) in 76.3% of cases the 
tumor located in the upper or lower poles of the kidney and 
only in 23.7% of cases in the middle segment.

The analysis of the data obtained shows, that according 
to gender parameters the groups of comparison had no sig-
nificant differences: in both groups the men prevailed, the 
ratio in relation to women was ~ 3:1. Median of age grada-
tion according to groups of research was 61 and 60.5 years. 
In both groups there were patients of more senior age, that 
was characterized by presence of one or several accompany-
ing pathologies. On the basis of complex investigation it was 
established, that among the patients exposed to OPO (organ 
preserving operations) in 76.3% of cases the tumor located in 
the upper or lower poles of the kidney and only in 23.7% of 
cases in the middle segment.

It is necessary also to note, that in group of the patients 
undergoing to ОPО in 13 (34.2%) patients the tumor locat-
ed in the middle-dorsal segment of a kidney. At localization 
of a tumor in the middle segment of a kidney 35 (37.28%) 
patients were performed radical nephrectomy. In 2 cases at 
resection of kidney there were revealed increased regional 
lymph nodes which had no effect on a choice of a volume 
of operation. Similarly, the sizes of neoplasm did not influ-

ence significantly on the choice of operation for the benefit 
of kidney resection, as in this case the type of growth of the 
tumor was the main factor. According to our data in 52.6% 
of the patients, who underwent the RP, there was observed 
extrarenal growth of the tumor against 50% of the patients 
with intrarenal growth of the tumor, who were carried out 
nephrectomy.

The early postoperative complication were observed in 
7.7% and 5.35% of the patients respectively to groups of re-
search. The formation of urinary fistula (2.6%) and bleeding 
from a zone of resection (2.6%) appeared to be the most typi-
cal complications after RP. In group 2 there were found more 
often purulent complications.

The time of operation was directly proportional to vol-
ume and character of the operation carried out. In group 1 the 
duration of operation varied from 95 up to 110 minutes with 
average median of duration 90 minutes. The same parameter 
at nephrectomy differed from the basic group, having made 
median 103 minutes. The postoperative lethality accounted 
for 2.6% in group 1, and 1.1% in group 2. The parameter of 
one-year survival at a stage Т1 was 2.6% and 2.2%, respec-
tively, in group 1 and 2.

The study of the long-term results showed, that three-
year survival was much higher in group 2 (99.7%) in com-
parison with group 1 (89.5%). However, to five-year border-
line the change of parameter of survivability for the benefit 
of the patients with ОPО (76.3%) against (73.8%) patients 
with РН was observed. Median without the metastatic peri-
od has made 8,6 months in the 1-st group against 7.2 months 
in the second group. In one patient (%) in the 1-st group 
there were revealed metastases of disease in 10.5 months. 
Despite of early satisfactory results in the patients of the 
basic and control groups, the estimation of quality of life 
showed significant distinctions between them. In 6 months 
after operation the degree of activity according to EGOC1–2 
degrees accounted for 84.2% in group 1 and only 52.1% of 
cases in group 2.

Thus, the comparative analysis of results after resection of 
kidney and radical nephrectomy testifies to opportunities for 
improvement of quality of life in the patients due to organ pre-
serving operations without significant increase in frequency 
of postoperative complications.

Conclusions:
1. At Т1 stage of cancer of a kidney with mainly extrare-

nal or mixed type of tumor growth the performance of organ 
preserving operations is more rational.

2. According to duration and results the kidney resection 
at Т1 stage can be alternative to the radical nephrectomy that 
is the essential factor in the elder age group of the patients with 
presence in them of the accompanying pathology.
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RUSSIAN PLATFORM OF INTERCULTURAL INTERACTION IN THE 
POLICY OF AZERBAIJAN AND ITS LEGISLATIVE BASE

Аbstract: The Russian platform of intercultural interaction in the policy of Azerbaijan was laid by the National 
Leader Heydar Aliyev.

Thanks to Heydar Aliyev, she received a legislative basis and legitimacy.
The legislative base, the desire to cooperate and develop cultural integration both on the part of the elite and civil 

society in general, have raised the level of relations between Azerbaijan and Russia to civilized dialogue and strategic 
cooperation, depoliticization and de-ideologization of bilateral relations.

Keywords: cultural interaction, bilateral relations, humanitarian principles, the international cooperation, the 
legislative framework, the potential of cooperation, political course.

The urgency of the problem of intercultural interaction 
is due to its all-encompassing nature and influence on all 
spheres of activity, including political ones. The phenom-
enon of intercultural interaction is interconnected with the 
readiness of the society to perceive the world outlook at-
titudes of a different culture. For, specific cultural values – 
ideology, morality, religion, politics of one people, is differ-
ent from the culture of another. This is one of the causes 
of international conflicts. Although, according to cultural 
relativism, the American sociologist William Sumner does 
not have elitist or inferior cultures, all cultures in their own 
way are unique, and to compare them with each other is er-
roneous. The value of Sumner’s concept is “to recognize the 
independence and usefulness of each culture, the denial of 
the absolute value of the American or European system of as-
sessments, the fundamental rejection of ethnocentrism and 
Euro-centrism in comparing cultures of different peoples “is 
not permissible. “The principle of cultural relativism plays an 
important role in intercultural communication, since it re-
quires respect and tolerance for the norms, values and types 
of behavior of foreign cultures” [2].

“The regulation of intercultural interaction is organized, 
managed, provided by the process” [4], in which an important 
role is played by the laid traditions, politics, self-awareness and 
education of civil society.

In this aspect, international cultural ties between Azer-
baijan and Russia have deep historical roots. Regardless of the 
political alignment of relations, the intercultural integration of 
the Azerbaijani and Russian people has never been interrupt-
ed, even when all other relations were destroyed, as it was in 
the post-Soviet period. The modern intercultural interaction 
between Azerbaijan and Russia was introduced into the politi-
cal strategy of Azerbaijan by the national leader Heydar Aliyev.

July 3, 1997 Azerbaijan and Russia signed the Protocol on 
visa-free travel of citizens.

In 1998 Heydar Aliyev signed the Law on Culture. It in-
cluded the humanitarian principles of the Council of Europe 
and the priorities of democratic culture (On February 16, 
2013, in accordance with Article 57 of the Law of the Re-
public of Azerbaijan of December 21, 2012 No. 506-IVQ, the 
Document became invalid). Subsequently, on December 21, 
2012, under the influence of the reforms being carried out in 
the Republic, the “Law on Culture came out in a new edition. 
It contained the principles of humanism, democracy, equality, 
cultural integration, quality, continuity, secularism, protec-
tion of talented people, on the basis of a balanced approach 
focused on effective results [4].

However, the national leader Heydar Aliyev, under-
standing the leading role of culture in the development of 
the country, singled out its great importance in international 
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cooperation, in which the Russian platform was designated to 
them as an integral part of the nationwide policy” [1].

Many prominent representatives of the Azerbaijani elite, 
despite the growing popularity of Western education and the 
English-language media space, received a Russian education. 
President of Azerbaijan Ilham Aliyev graduated from the Mos-
cow State Institute of International Relations. First Vice-Presi-
dent of Azerbaijan Mehriban Aliyeva is a graduate of the First 
Moscow State Medical University. I. M. Sechenov. In one of her 
interviews, she said: “For me personally, both in Soviet times 
and now, the magazine” Foreign Literature “is an opportunity 
to get acquainted with various works of world literature” [1].

The above facts indicate that the cultural ties between 
Azerbaijan and Russia are based on the desire of the intelligen-
tsia of the two countries to preserve and enrich the common 
cultural heritage, to draw closer and cooperate.

Russia, in its cultural integration, was active in 2005 under 
the auspices of the Year of Azerbaijan.

2006 Azerbaijan dedicated the Year of Russia.
In the specified period, in particular, in 2006, the inter-

state Program for Cooperation in the Humanitarian Sphere 
for 2007–2009 was adopted.

Within the framework of the Program, in 2008 a branch 
of the Moscow State University named after MV Lomonosov 
was opened in Baku. Lomonosov Moscow State University. 
The university was headed and continues to be successfully 
led by Professor Nargiz Pashayeva. The teaching staff are the 
best, Russian educators of the Lomonosov Moscow State Uni-
versity [7].

In 2010, Russia provided assistance to Azerbaijani stu-
dents who showed themselves in school by allocating 285 
state scholarships to them.

The Russian language and the Russian media space in 
the cultural integration of peoples are information support 
for knowledge of a global scale for Azerbaijan.

390 Azerbaijani citizens were educated in the universities 
of Russia on the state line.

More than 15 thousand students are educated in Azer-
baijani universities in Russian. There are 50 Russian-language 
print media and 10 news agencies in Azerbaijan [6].

In 2016, in Azerbaijan, “more than 4.000 students were 
enrolled in Russian schools, about 17.000 students in higher 
education institutions in Russian departments” [7].

Inter-university relations are established by the Baku State 
University, the Baku Slavic University, the Azerbaijan Univer-
sity of Languages, some commercial universities, for example, 
the Khazar University, etc.

In Moscow, the Azerbaijani language and the history of 
the country of Azerbaijan are taught at the State University of 
International Relations (History Faculty), at the University of 

Asian and African Countries, at the Russian State Humanitar-
ian University.

At present, two specialized ministries have received instruc-
tions from the political leadership of the partner countries to 
continue the practice of expanding the training of the Azerbai-
jani language in Russia, as well as Russian in Azerbaijan.

In January 2011, the Russian Information and Cultural 
Center was opened in Baku, which together with the Russian 
Embassy conducts humanitarian actions in Azerbaijan aimed 
at integrating cultural interactions between the two countries, 
for example, creative evenings, olympiads on the Russian lan-
guage and literature [3].

The capital of Azerbaijan – Baku became famous as a mul-
ticultural Center and a platform for conducting intercultural 
dialogues.

In 2010, the first humanitarian Azerbaijani-Russian forum 
was held in Baku, focused on the preservation of folk cultural 
values. It was a fundamental new breakthrough in the rela-
tions between Azerbaijan and Russia, an important element 
of the overall process of preserving the traditions and cultural 
and spiritual communications of the two peoples. Within the 
framework of the Forum, a range of projects was discussed, 
which are implemented in the context of an active strategic 
partnership [2].

The second Azerbaijani-Russian humanitarian forum was 
held in 2011. Leading representatives of science and art of 
Azerbaijan and Russia, as well as representatives from other 
countries of Europe, the West and the CIS took part in it [2].

The holding of humanitarian forums in Baku has become 
a tradition that has not only cultural significance, contributing 
to the cooperation of countries, but also the promotion of a 
healthy policy aimed at friendship and good-neighborliness.

At present, Azerbaijan is implementing the State Program 
for 2014–2020. A number of major projects are implemented 
by the Heydar Aliyev Foundation in cooperation with Rus-
sian partners, for example, to preserve and promote the musi-
cal heritage of the peoples of Azerbaijan and Russia. In this 
line, we can mention the music festival named after Mstislav 
Rostropovich and other festivals dedicated to the jubilees of 
the brilliant composers of the two countries. The musical cul-
ture of Azerbaijan in recent years has been replenished with 
the traditional international classical music festival held in the 
ancient capital of Caucasian Albania – Gabala [7].

The enormous potential of cooperation between Azerbai-
jan and Russia lies in the sphere of tourism. In 2009, in the rank-
ing of The Travel & Tourism Competitiveness Report, com-
piled annually by experts from the World Economic Forum, 
Azerbaijan took 77th place along with Ukraine among 133 coun-
tries of the world. Over the past four years, about 220 hotels 
and campsites of various levels have been opened in Azerbaijan.
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A great deal of work to create informal networks between 
the communities of the two countries is being carried out by 
the Azerbaijan Youth Organization in Russia (AMOR) and 
the Russian representation of the Heydar Aliyev Foundation 
headed by Leila Aliyeva. Both structures carry out publishing 
activities aimed at strengthening relations between the youth 
of Azerbaijan and Russia. To promote the culture of Azerbai-
jan and Russia, mutual youth trips are organized.

Expansion of humanitarian cooperation between Azer-
baijan and Russia, wide involvement of civil society repre-
sentatives in this cooperation for establishing direct contacts 
fully corresponds to the national interests of both countries, 

their de-politicization and de-ideologization [5]. Presidents 
of the Republic of Azerbaijan Ilham Aliyev and President 
of the Russian Federation Vladimir Putin have repeatedly 
stressed that in determining the political course of the coun-
try, socio-cultural cooperation is essential, because they have 
a positive impact on the development of bilateral relations 
in all spheres of life.

It is quite obvious that effective intercultural interaction 
can not arise by itself, it should be promoted by traditions, 
ideology, politics and openness of civil society; it should have 
a legislative framework that provides legitimacy; and, most 
importantly, the desire of peoples to cooperate.
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The Strategies for Action in the five priority areas of de-
velopment of the Republic of Uzbekistan in 2017–2021 have 
given impetus to the activation of citizens in our society [1]. 
One of the most important and priority issues in the Action 
Strategy is the urgent need for citizens to pursue political ac-
tivity today, such as the effectiveness of the role and function-
ing of civil society institutions in society and their social and 
political activism.

In civil society, along with political parties, NGOs also 
provide social, political support for their citizens through 
their activities in promoting political, social activities of 
citizens.

Nowadays, there are more than 9,000 NGOs in the coun-
try, and there are 29 international and non-governmental or-
ganizations with branches and representative offices [2, 19].

We will consistently continue the path of extensive political, 
economic and social reforms initiated by the first President Islam 
Karimov. This is a solid foundation for building a free, demo-
cratic, humane state, building a civil society, raising the economic 
power of our Homeland and further prosperity [3, 8].

We know that democratization of society is activated 
based on these different stages of reform, existing features and 
experiences in society. Democratization of society requires a 
number of specific conditions, including:

– the existence of the supreme representative body elect-
ed by the people;

– the availability of free choice and can be selected;
– the existence of a political system with several parties 

comprised of several candidates;
– the presence of elections in self-governing bodies;
– freedom of mass communication, pluralism of opin-

ions.

Media is the only means of regulating and linking social 
relationships between political power and citizens, and pro-
viding transparency among them.

Today, more popularization and activation of social net-
works among citizens testifies to the rapid exchange of in-
formation between them. While it is possible to observe the 
social activity of citizens, creation of socio-political, legal basis 
of this activity is a requirement of time.

One of the main factors in determining democratic in-
dicators in the society is primarily processes related to the 
activities of political parties. One of the most pressing tasks 
for political parties to exercise leadership is to increase the 
political activity of citizens. This is especially true for citizens 
in meeting their political and social needs. This will help to 
achieve common goals and interests. Achieving a common 
goal in the community’s life can lead to a more democratic or 
further consolidation of democracy.

Political activity is a part of the political system and the 
generality of citizen movements to achieve collective goals.

The simplest form of activity is interest to political activ-
ity. The more active form is participation in rallies, speeches, 
participation in various mass movements, regular voting at 
elections.

Indeed, according to Article 33 of the Constitution of the 
Republic of Uzbekistan, citizens have the right to carry out 
their social activities in the form of meetings, assemblies and 
demonstrations in accordance with the laws of the Republic 
of Uzbekistan.

The peculiarity of a politically active citizen is that they are 
actively involved in the political life of society. Such citizens 
are also active in political awareness and literacy, and believe 
that they can participate in and influence political decision-
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making processes. By participating in this, they show that they 
have a certain position in their community. This is an oppor-
tunity to take part in political life. In such a society, citizens 
are interconnected from one another in political-cultural, 
political-ideological, political-regulatory, political-economic, 
political-social and political information systems.

In political activities, besides demonstrations, opposi-
tions and other social movements, the issues of public par-
ticipation, political activism and citizen participation are used 
in the political system as a political activity. In political system 
have a political activity such as lobbying is to study the social 
problems of the population or inform the public, study the 
laws proposed, and participate in political companies.

Another distinctive feature of political activity is the lob-
byist movement. Lobbyism (specific lobbies) is a specific type 
of activity, which is the targeted influence of citizens or non-
governmental organizations on the decision-making process 
by public authorities [4, 164].

In political processes, meetings between officials (Parlia-
ment, Government, local Council) and citizens, non-govern-
mental organizations and other political institutions of the 
Community are targeted and formal decisions, such as laws, 
regulations, government programs, local programs, normative 
a form of political influence in accepting documents. The goal 
of targeting can serve a particular group or be useful to the 
entire society.

The negative aspect of the lobbying movement is that 
certain groups in society can have a targeted impact on deci-
sion-making in their own interests through various corruption 
factors, such as “buying vote “ and so on, which would have 
negative effects on other groups in society.

The important part of lobbying for society is the submis-
sion of ideas and suggestions of civil society institutions and 
citizens to vital issues and issues to the Parliament and the 
Government as a political process characterizing the demo-
cratic change in society.

Participation in political activity in the UK is divided into 
official and informal activities.

Official participation is official forums and processes. 
These include election and electoral processes, referendums, 
political parties, and public rallies.

Informal participation is a diverse range of activities that 
go beyond this official activity. For example, online activity, 
such as signing petitions, buying or boycotting products due 
to a political process, discussing political issues among friends 
and families.

Over the past 50 years, Britain has dropped its share of of-
ficial politics. It is also known for the participation of citizens 
in political parties. However, new forms of political participa-
tion have begun to emerge, which is an online activity that 

is intensified by the fact that the structure of the system is a 
younger group of people, and their interest in entering a new 
type of informal political activity is primarily the issue raised 
by the Internet.

Social, economic, technological and political reasons are 
factors that influence the formal and informal political par-
ticipation [5, 2].

Today, the role of Internet-Online has a great role in 
strengthening the political activity of citizens. In this regard, 
Ho Yan Yong, a US-based scientist, argues that in his research, 
political participation in the political system is much more 
active through the establishment of partnerships through the 
internet and the media than public or individual political par-
ticipation.

As a result of the research, it has been established that 
the internet has increased from 12 to 26 percent in the elec-
toral process, political participation, particularly in political 
demonstrations, rallies, and petition signing processes, either 
public or private [6, 15].

Political participation of citizens in the society, their po-
litical activity is widely practiced, in which the influence of 
citizens on the processes of decision making in the most im-
portant changes in society. This exposure can be exploited by 
a public, private, or third party.

In the society must be a specific policy regulation that 
identifies the level of political activity as well as raising politi-
cal activity of citizens.

For example, the UK Parliament is actively monitoring 
and overseeing the political activity of citizens [7, 52].

The main reason for studying political activity is:
firstly, identifying the participation of all social groups in 

the political process,
secondly, to identify a real activity of citizens because of 

the different political consciousness and culture of citizens,
thirdly, to identify the effects of laws, regulations, lobbyist 

activities, party activities and the impact of civil society on all 
members of the society,

Political activity monitoring should be carried out in or-
der to ensure a continuous tendency to political activity. Its 
purpose is to determine the level of political activity, to think 
about what citizens are doing or what they are doing, whether 
they are involved in political processes or whether they are 
officially or informal.

Participation and activity levels of citizens in political pro-
cesses can be determined by the following indicators:

– rate of voting;
– the level of political participation, the level of mem-

bership with political parties and non-political organizations
– membership fees or donations;
– creating or signing an electronic petition;
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– make inquiries to local, regional or national Councils;
– boycotting moral, political or natural issues;
– make a contribution to the discussion through the 

networks;
– create or sign a petition;
– interest of citizens in political news
– participation in public councils;
– participation in mass movements, actions;
– participation in the meetings;
– payment of membership fees or charitable contribu-

tions to political parties;
– such as the freedom of access to the media.
It is through these indicators that you can define the level 

of democracy in society.
For example, the Index of Democracy is defined by the Brit-

ish Economist Intelligence Unit. The definition of this indicator 
is determined by five categories of 60 questions: electoral pro-
cesses and pluralism [8, 84], civil liberties, government activi-
ties, political participation and political culture [9].

The issue of political activeness of citizens is a socio-
political process formed over the years, and the factor that 
forms the basis of state and public co-operation is citizen 
activity.

As we know, there are specific adaptation processes for the 
active involvement of citizens in the life of society, and there 
should be opportunities for them to be able to improve the con-
ditions, rights and freedoms and political activism necessary for 
the implementation of the adaptation process. If all the socio-
political, legal and institutional conditions for the political will 
and desire of citizens in the state and society are created, the 
activity of the citizens in this society becomes stronger day by 
day. The activation will further strengthen democracy.

In summary, I say that the main factor of the develop-
ment of society is the rise of political activity. At the moment 
of liberal and democratic changes in the life of society, the 
driving force of such reforms is political activity in the citi-
zens. If there is political activity in the citizens, processes 
and changes in society will be proportionate to the interests 
of the citizens.

In Uzbekistan, the introduction of the practice of study-
ing the issues of political and social activity of citizens and the 
level of political participation is a very urgent requirement. 
Studying the level of political activity on a regular basis, the 
existing problems will be studied, the level of activity will be 
determined, appropriate measures will be taken on the basis of 
the results. This ensures balance between society and the state.
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Each sovereign state has its own unique history and culture, 

the true originator and creator of which are the people. This un-
shakable truth is vividly confirmed by the centuries-old history 
of Uzbekistan and the last period of its free development, the 
path of progress, the formation of a highly moral, enlightened, 
just civil society, ensuring a prosperous life for the population.

The study of the progress of reforms carried out in Uz-
bekistan within the framework of the Action strategy on five 
priority areas of the country’s development for 2017–2021 
(the Action strategy) shows the country’s transition to the 
rails of sustainable development in all spheres – social, legal, 
humanitarian, economic, political, etc [1].

Thus, the economic component of sustainable develop-
ment implies the termination of irrational use of environmen-
tal resources, a gradual transition to a model of ecologically 
balanced economic development, «a resource-saving and 
green economy», «knowledge of economy», «an informa-
tion society» and etc [2]. At the same time, the Action strat-
egy considers and solves many issues of sustainable develop-
ment through the prism of creating a favorable business and 
investment climate, the development of small business and 
private entrepreneurship (SBPE).

The Action strategy defines as one of the most important 
tasks the continuation of institutional and structural reforms 
aimed at reducing the state’s presence in the economy, stimu-
lating the development of small business and private entre-
preneurship, enhancing the role of this sector in increasing 
the economic power of the country, strengthening peace and 
stability, harmony in society [3].

It should be noted that the experience of Uzbekistan, as 
well as of many other countries, testifies that the SBPE sector is 
the most important factor in the sustainable development of the 

economy, creating jobs, raising incomes and ensuring the well-
being of the population. Thus, today the share of small busi-
ness in the GDP of Uzbekistan exceeds 56.9%, the number of 
people employed in the sphere of SBPE is more than 78.2% of 
the total number of employed in the economy. For comparison: 
in Italy these figures are 60% and 71%, Japan – 55% and 78%, 
Germany – 54.0% and 69.5%, the UK – 53% and 56%.

In this case, the number of SBPEs in the main industries – 
food, light, construction materials, mechanical engineering 
and metal processing, chemical and petrochemical, pharma-
ceutical has grown in recent years, which serves as a key fac-
tor for sustainable growth. In particular, in 2000–2016, the 
share of SBPE in agriculture increased from 73.6% to 98.2%, 
in construction – from 38.4% to 67.8%.

Thus, the role of SBPE in socio-economic development of 
the country, the formation of a middle class of owners, which is 
a reliable pillar of modernization and renovation of the country, 
ensuring stability and sustainable development of society in-
creases every year. The growing number of entrepreneurs deter-
mines the dynamics and structure of the population’s incomes: 
over the last decade, the real incomes of citizens from entrepre-
neurial activity in total household income have exceeded 50% 
of all incomes. In a word, the development of SBPE means not 
only strengthening the economy, increasing its competitiveness, 
but also, in the end, the well-being of the population.

Positive trends in this area have been achieved through 
the implementation of comprehensive measures to deepen 
market reforms and liberalize the economy, improve the busi-
ness environment, promote competition and protect private 
property. Only in the last 1.5 years more than 300 most impor-
tant laws, decrees and resolutions of the President, decisions 
of the country’s government have been adopted.
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On their basis, systemic measures are taken to drastically 
increase the role and place of private property in the national 
economy, reduce the state’s presence in the economy, enhanc-
ing the role of SBPE in increasing the economic power of the 
country, strengthening peace and stability, harmony in society, 
implementation of the principles: «If people are rich the state 
will also be rich and strong» and «Creating obstacles to the 
development of entrepreneurship will be regarded as obstruc-
tion of state policy» [4].

First, the procedure is established, according to which 
the legal effect is applied to business entities only in a judi-
cial procedure. It has been established that in their relations 
with government bodies of all levels, law enforcement and 
controlling bodies, commercial banks, the principle of priority 
of entrepreneurs’ rights operates, in accordance with which 
all unavoidable contradictions and ambiguities of normative 
legal acts are interpreted in their favor.

Second, all types of unplanned and counter checks of the 
activity of business entities were abolished, also, the ban on 
planned tax inspections over activities of business entities for 
a period of three years from the moment of their registration 
was also imposed, and inspections of stable and diligent tax-
payers were limited.

Since 2018, Uzbekistan has imposed a moratorium on in-
spections of financial and business activities of business enti-
ties, with the exception of inspections conducted in criminal 
cases and in connection with the liquidation of a legal entity. 
The order is fixed, according to which meetings with active 
business entities are held monthly by the heads of supervi-
sory bodies headed by the General prosecutor to listen to 
their problems and take measures to identify and eliminate 
the shortcomings that interfere with their lawful activities [5].

Third, the “single window” institute is developing, the 
types of interactive public services are expanding, etc. Today 
these “one window” centers for the provision of public ser-
vices have been transferred from the structure of hokimiyats 
districts (cities) to the Ministry of Justice, which contributes 
to the creation of a unified system of state registration and 
registration of business entities in place of the previously dis-
connected system, as well as strengthening control over com-
pliance with legislation about rendering of the state services 
to subjects of business.

Fourth, the transition from a licensing system to a state reg-
istration of business entities was implemented. The number of 
licensing procedures has been abolished, the number of activities 
subject to licensing has been reduced, the forms and frequency 
of submission of statistical, tax and financial reporting by state 
entities to business entities have been reduced by 1.5–2 times.

Fifth, a consistent humanization of the legislation regulat-
ing entrepreneurial activity is carried out. For example, it pro-

vides for the exemption from all types of liability of business 
entities and their employees who first committed offenses 
during financial and economic activities, as well as persons 
engaged in entrepreneurial activities without state registra-
tion, in case of compensation for damages caused to them and 
voluntary elimination of the consequences of offenses. A ban 
on the application of criminal punishment in relation to busi-
ness entities in the form of deprivation of the right to engage 
in entrepreneurial activity was also established.

Sixth, the country implements measures to reduce the 
tax burden on business entities, to create a tax system that 
meets modern requirements, to introduce advanced meth-
ods of tax administration, to ensure its transparency, which 
will undoubtedly affect the sustainable development of the 
country’s economy [6].

In particular, it is envisaged: introduction of such a modern 
form of tax control as tax monitoring; granting “tax holidays” to 
bona fide taxpayers – economic entities who faced with tempo-
rary financial difficulties; introduction of the judicial procedure 
for collecting the amount of taxes and other mandatory pay-
ments, identified by the results of desk control, etc.

According to the experts of the World Bank’s Doing Busi-
ness 2018, the level of tax burden on business entities in Uz-
bekistan is much lower than in the USA, Australia, Germany, 
Sweden, Turkey, China and Russia. It is emphasized that the 
functioning of single centers for rendering state services to 
business entities on the principle of “one window” facilitated 
transparency and expediency of licensing procedures and li-
censing, the introduction of electronic forms of interaction 
between state bodies, and a significant reduction in bureau-
cratic obstacles and financial expenses of applicants.

Seventh, special attention is paid to lending to small busi-
nesses. Over the past 10 years, the average annual growth rate 
of lending to the business sector amounted to 30% and as a 
whole grew 29 times, and microcredit indicators – 56 times. 
The loans allocated to small business entities are constantly 
growing from year to year.

Eighth, a new practice of post-privatization support of 
enterprises was introduced, including inactive ones, to assist 
them in creating new production capacities, and to develop 
and implement appropriate “road maps”. The practice of trans-
ferring state property to business entities at a “zero” cost with 
the adoption of investment duties has been substantially ex-
panded. In 2017, 509 facilities were transferred to entrepre-
neurs on these terms.

Ninth, comprehensive measures are being taken to liber-
alize foreign exchange policy, to form a currency market that 
operates solely on the basis of market mechanisms, to guar-
antee the free purchase and sale of foreign currency by legal 
entities and individuals [7].
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In particular: individual entrepreneurs-producers and 
farmers have the right to freely dispose of their own foreign 
exchange earnings at their discretion and can withdraw cash 
from foreign currency from their bank accounts; the practice 
of compulsory sale of a part of foreign currency proceeds from 
export of goods (works, services) by enterprises-exporters 
was abolished etc.

According to the International Monetary Fund, the lib-
eralization of foreign exchange policy will have a significant 
positive impact in the medium and long term on the rate of 
economic growth.

Tenth, systemic measures are taken to ensure effective 
dialogue and effective mechanisms for healthy partnership 
between the state and the business community, the introduc-
tion of a permanent channel for exchanging with them rel-
evant information on improving the business environment, 
strengthening legal mechanisms for the inviolability of private 
property, and ensuring principle of priority of the rights of 
business entities.

For this purpose, the President’s institution of the com-
missioner on protection of rights and legal interests of entre-
preneurs was established to promote the introduction of new 
mechanisms for effective dialogue between business entities 
and state bodies, the creation of additional guarantees for state 
protection of the rights and legitimate interests of business enti-
ties [8]. It provides them with legal support in carrying out in-
spections of their activities, studies the practical implementation 
of the norms and requirements of adopted legislation, assesses 
the effectiveness of their impact on entrepreneurial activity, etc.

In addition, the priority tasks and activities of the Cham-
ber of Commerce and Industry of the Republic of Uzbekistan 
were radically revised to introduce a new mechanism of legal 
protection, representation of interests and rights of business 
entities, improve the business environment and investment 

climate, promote entrepreneurship, export domestic produc-
ers to foreign markets and etc. [9].

The Chamber established: Centers for the promotion of 
entrepreneurship (in each city and region of the country); 
the International Commercial Arbitration Court, designed 
to help ensure reliable protection of the rights and legitimate 
interests of foreign investors, as well as domestic companies 
in relations with foreign partners, etc.

In general, as a result of the measures taken in recent 
years, there has been a significant improvement in the relevant 
ratings of Uzbekistan, determined by authoritative interna-
tional financial and economic structures. Thus, according to 
the World Bank’s annual Doing Business 2018, Uzbekistan is 
ranked 74 among 190 economies and was among the top 10 
reforming countries to create the most favorable conditions 
for doing business. The International Monetary Fund notes 
that Uzbekistan maintains economic stability in a difficult 
external economic situation, has maintained high economic 
growth for a long time, and an active investment policy and 
structural reforms reliably protect the country from the slow-
down in the development of the economy that takes place in 
other CIS countries.

At the same time, we are convinced that the formation of 
a favorable business environment is not an end in itself, but 
the way to achieve the goal is to enter Uzbekistan into the 
number of developed countries, ensure sustainable develop-
ment of the country, decent living conditions for the popu-
lation. Implementation of the Action strategy measures will 
undoubtedly ensure the transition to a qualitatively new level 
of state policy in the sphere of further strengthening the legal 
protection of private property, creating favorable conditions 
for the dynamic development of small businesses and private 
entrepreneurship, and increasing the investment attractive-
ness of Uzbekistan.
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At the North Atlantic Council (NAC) meeting held in 

December 1966, the Defense Planning Committee (DPC) 
replaced the three non-permanent working groups with a 
Nuclear Defense Affairs Committee (NDAC) and a Nuclear 
Planning Group (NPG) [1]. In the final communiqué of the 
NAC after its conference on 15–16 December 1966 in Paris, 
the following was stated:

“15. The Defense Planning Committee met on a ministe-
rial level on 14 December 1966. As a further step in the pro-
cess initiated in Athens in 1962, the ministers approved the 
recommendations on nuclear planning and consultation pre-
sented by the Special Committee of Defense Ministers. They 
agreed within NATO to establish two permanent nuclear 
planning bodies – a policy-making body called the Nuclear 
Defense Affairs Committee, open to all Member States and 
subordinate to it a Nuclear Planning Group of seven members 
to deal with individual issues” [2].

The DPC comprises representatives of the member states 
participating in NATO’s integrated defense system and deals 
with issues specifically related to defense. The committee 
meets at the level of ambassadors as well as, at the level of de-
fense ministers of the member states twice a year. The NDAC 
is open to each member state and is tasked with making fun-
damental proposals to the NAC or the DPC for the Alliance’s 
nuclear policy. However, since all members of the DPC are 
also represented in the NPG at present, the original role of 
NDAC regarding members who are not in the NPG is over.

The NPG has the most significant impact on NATO’s nu-
clear planning. It is responsible for all issues related to nuclear 
weapons. This responsibility ranges from the planning and 
production of weapons to their deployment. Furthermore, the 
NPG deals with the political guidelines for the possible use of 
nuclear weapons and the procedures of the nuclear consulta-
tion [3]. It also deals with the evolution of the nuclear power 
relationship and the structure of the Alliance’s nuclear forces. 
Initially, there were some permanent members in the NPG, 
namely the United States, Great Britain, the Federal Republic 

of Germany, and Italy, while the other members alternately 
participated through a process of rotation [4]. At present, all 
member states have permanent representatives in the NPG.

In the sixties, NATO’s nuclear policy underwent a trans-
formation that was characterized by the final abandonment 
of the Multilateral Force (MLF). This change was favored by 
three factors:

– A growing sense of detente spread in Europe.
– The situation of the Federal Republic of Germany was 

re-evaluated.
– The establishment of the NPG gave politics a new, posi-

tive twist.
Due to the climate of detente, the goal of strengthening 

NATO did not appear necessary to the extent it had previously 
been [5]. Since France had represented an increasingly diffi-
cult alliance partner for several years, attempts were made in 
the sixties to secure the existing alliance [6]. A ‘flexibilization’ 
of the alliance structure was seen, in these years, as a neces-
sary adaptation to a less threatening world situation. As the 
policy of detente by the North Atlantic Alliance progressed, 
the Federal Republic of Germany increasingly came out of the 
limelight of politics of the Alliance. For reasons of German 
policy, however, it was not yet fully prepared to support this 
adaptation to the international status quo.

However, since January 1965, the German Federal Gov-
ernment’s approach to nuclear policy issues began to change – 
it moved away from the call for joint ownership and instead 
advocated increased consultation and joint planning. Many 
German MLF supporters who favored nuclear co-ownership 
recognized that there were many benefits associated with 
planning arrangements, such as the determination of nuclear 
decisions in peacetime, which then only have to be executed 
in the event of war. However, there were also skeptics among 
them, such as von Hassel, who said, “Co-determination does 
not mean co-ownership, but co-ownership ensures participa-
tion” [7]. On the other hand, the Social Democratic Party was 
convinced that joint nuclear planning represented a greater 
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part of the Western deterrent than would be in the case with 
a co-ownership solution.

The political leadership of the Federal Republic of Ger-
many promptly realized that the nuclear demands of West 
Germany had only a weak basis against the ‘big brother’ and 
the allied nuclear powers. Thus, the Federal Republic could do 
little to prevent the reorientation of Atlantic nuclear policy by 
the United States in 1965–66. The grand coalition of CDU/
CSU and SPD adapted to these realities after their constitu-
tion in November 1966 and removed the co-ownership solu-
tion – the MLF – from their program. The general trend of the 
detente policy now also found its way into the new German 
Federal Government. It was the founding of the NPG that 
made MLF’s final task possible for everyone involved. By par-
ticipating in the nuclear planning process with the help of the 
NPG, the Europeans saw their chance to influence the Atlantic 
nuclear policy even before a nuclear war. Its primary objec-
tives were to enforce the deterrence and prevention of war [9].

The NATO’s military organizational structure that had 
already been set in the first years of the Alliance did not change 
as nuclear issues had to be included increasingly in the Alli-
ance’s defense policy. It was not until the founding of the NPG 
that the first reform of the NATO structure was implemented. 
This triggered two major developments in the defense policy 
of the North Atlantic Alliance:

– The nuclear defense issues were formally and organiza-
tionally included in the Alliance’s defense policy.

– Due to the US Secretary of Defense McNamara’s large-
ly personal decision, European allies were now been able to 
participate in the nuclear planning process [10].

It had already been recognized before 1965 that participa-
tion in the planning process also meant co-determination over 
the use of nuclear weapons. In the planning process, the pur-
pose of the mission, the type and size of the weapons, and the 
order of combating previously selected enemy targets could 
be established [11]. The institutionalization of the Nuclear 
Policy Working Group (NPWG) at the end of 1965 stipulated 
that every single partner had to be considered. The group was 
chaired by the Secretary General of NATO, who was able to 

draw attention to the obligations of the allies from an indepen-
dent position [12]. The necessary information base for effec-
tive nuclear planning has been provided by the United States 
and, in particular, by the US Secretary of Defense McNamara; 
and this should continue to be provided in the future.

Three working groups were originally established in 1965. 
In addition to the Nuclear Planning Working Group, there was 
also one for the investigation of the NATO telecommunica-
tion system and another for the exchange of information and 
data [13]. However, the Nuclear Planning Working Group 
has been institutionalized as the only one of the three groups. 
From that point on, however, it was referred to as the NPG. 
Its primary function is the definition of the conditions of a 
nuclear mission and the elaboration of wartime consultation 
procedures.

At the first ministerial meeting of the NPG in Washington 
held in April 1967, important nuclear policy issues were dis-
cussed, such as the realization that the number of more than 
7000 nuclear warheads in Western Europe would be sufficient 
and that only the operational guidelines and deployment of 
these weapons would have to be reviewed.

As already mentioned, the NPG, along with its many sub-
units, is the most important body. It meets regularly at various 
levels of staff, such as once a week at the level of members of 
the national delegations, several times a year at the level of 
the permanent representatives of the member states to the 
NAC, and twice a year at the level of defense ministers, and 
it executes all the detailed work that is required as a basis for 
the Alliance’s nuclear policy. However, the top defense-related 
body is the DPC, which must approve the decisions made by 
the NPG, such as the deployment of strategic nuclear weap-
ons systems in the Federal Republic of Germany. It would be 
useful to know the procedure of nuclear planning within the 
NPG, since it is questionable whether there is an unanimity 
rule, whether there are majority decisions, whether there are 
rules of procedure, and whether the non-nuclear member 
states have the same influence in decision-making as do the 
Alliance’s nuclear powers. However, the Federal Republic and 
NATO do not comment on these issues.
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The gold industry plays an important role in the compo-
sition of non-ferrous metallurgy. Gold is a rare metal, and it 
doesn’t lose its properties both underground and moisture. 
However, finding and extracting rocks requires a lot of work 
and funds and high technology. Gold is widely used in elec-
tronics, computer production, space ships and equipments 
and nuclear reactors. For example, the internal wall of a nu-
clear reactor is covered with 16 kg of gold [1].

According to historical sources, gold had been extracted 
in the ancient world and it was used in making various materi-
als. It had been also used in the territory of our country since 
ancient times. Two thousand years ago, gold was extracted 
from the mountain which was situated between Samarkand 
and Bukhara. The history of opening large gold deposits in 
Uzbekistan, the extraction of rare metals and the history exis-
tence of gold industry dated to 60–70th of the XX century in 
our country. Sharof Rashidov was the well-known statesman, 
he had unique role in this field. At that time, on the initiative 
of Sharof Rashidov, large gold mining and manufacturing in-
dustries were created in Uzbekistan. Gold recycling factories, 
gold-screening plants and copper ore recycling plants were 
assigned to use.

At the same time, extraction of high quality gold, which 
can be answered international standards, had begun to pro-
duce. At that time, the discovering of a huge amount of high-
volume reserves in the short term in Muruntov, the opening 
of gold deposits, the industrial sector was formed which was 
based on new technologies in the country.

So the construction of gold mine factory with a capacity 
of 5 million tons of ore was begun. From 1967 to 1969, the 
first ore enterprise, nine-storey buildings, schools, gardens, 
cultural and community facilities, airport, railway construc-
tion, Amu Darya water supply, and the pouring of the first 
tone of gold on the highest figure named after 99.99 increased 
people’s confidence. On July 21, 1969, the construction of the 
Muruntau gold mine was completed. This year the first gold 
jewelry was put into production in our country.

During that period, geologists had proven to be the most 
golden reserves, and they had doubled their plan to grow to 10 
million tons. Thus, the gold mining enterprise was established 
in the center of the Kyzylkum desert. Thereafter, it was later 
obtained 18 million tons of ore and 50 tons of gold a year.

Currently, the largest gold deposits in Uzbekistan are 
Muruntau, Chodak, Zarmitan, Koshbulak, Kyzylalma and 
Marjanbulak [1]. In total, 60 of gold deposits are working in 
Uzbekistan. In recent years, 80–100 tons of gold has been ex-
tracted in the country. In the near future the extraction of ore 
mining in Pistaly and Ortalik gold mine will be started. The 
reserves of these mines are about ten tons of gold.

In the early years of independence, the attraction of for-
eign investments in the gold industry had been gaining great 
attention to the bringing of modern technologies. In particular, 
the “Zarafshan-Newmont” Uzbekistan and USA gold-produc-
ing joint venture began to produce productions in Zarafshan 
in 1995. Uzbekistan continues to attract foreign investments 
to explore gold mines. For example, the State Committee for 
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Geology and Mineral Resources of Uzbekistan attracts four 
foreign companies to study prospects for the development of 
ten gold ore fields in 2017, including Canada’s B2 Gold, Brit-
ish Nord Gold, TUMAD of Turkey and Shindong Resources 
of South Korea and agreements were signed.

In Uzbekistan, it is planned to master 22 of new gold mines 
in 2018–2019. It can help to increase the manufacture of gold 
production in our country. According to the World Gold Coun-
cil, in 2007 year, 3488.0 ton of gold was produced in the world, 
while its volume in 2015 reached about 4258.0 ton (Table 1). 
Uzbekistan provides about 5% of world gold [2].

Table 1. – World Production, tonnes

year volume
2007 3488.0
2008 3469.0
2009 4034.0
2010 4242.0
2011 4058.0
2012 4482.0
2013 4273.0
2014 4414.0
2015 4258.0

source – World Gold Council
More than 50% of the total gold had been extracted from 

200 gold mines of the world, of which the annual capacity of 
6 mining is about 31 tones, a capacity of 8 mining is about 25 
tones, and a capacity of 21 mining is more than 15 tones. The 
largest gold deposits in the world include Boddington (Aus-
tralia), Lihir (Papua New Guinea), Peñasquinto (Mexico), 
Carlin (USA), Yanacocha (Peru), Pueblo Viejo (Dominican 
Republic), Cortez (USA), Goldstrike (USA), Grasberg (In-
donesia) and Muruntau mining in Uzbekistan. Muruntov is 
the largest gold mining which is extracted with open method 
and it stands on the fifth rate in the position of deep.

Table 2. – List of countries by gold production

Rank Country Gold production (metric tons)
1. China 455
2. Australia 270
3. Russia 250
4. USA 209
5. Canada 170
6. Peru 150
7. South Africa 140
8. Mexica 125
9. Uzbekistan 100

10. Indonesia 100

The largest gold producing countries in the world are 
summarized in Table 2. According to the data of the table, in 
2016, China occupied the first place with 455 tons of gold in 
the world in the position of gold production. The next places 
were occupied by Australia, Russia, USA, Canada, Peru, South 
Africa, Mexico, Uzbekistan, Indonesia countries. Uzbekistan 
has been producing 90–100 tons of gold in recent years. Uz-
bekistan occupies the 9 th place in the top of ten countries in 
the world.

Canada’s Barrick Gold Company is the leader in the vol-
ume of production. Second place belongs to Newmont Min-
ing of US, which worked in Uzbekistan [2]. After that, three 
major companies of SAR (Southern African Republic) that 
Anglo Gold Ashanti, Gold Fields and Harmony Gold are es-
sential mining producers. Navoi mining and metallurgical 
combine in Uzbekistan is the sixth largest gold producer in 
the world. In turn it indicates that our state holds a significant 
place in the gold industry of world.

Canada’s Barrick Gold company can products about 8.6 
million troy ounces (1 troy ounce – 31 grams) of gold per 
year. Newmont Mining Company has produced 5.9 mil-
lion ounces of gold, while Navoi mining and metallurgical 
combine produces an average of 1.9 million ounces of gold 
a year. Russian Polyus Zoloto Company is the 15th largest 
gold producer in the world. The company is producing 1.2 
million ounces of gold.

The world’s gold consumption was about 3571.0 tons in 
2007, and its growth in recent years has been noticeable. By 
2015, gold consumption reached to 4253.0 tons (Table 3). 
About 53% of the world’s gold is used to produce jewelry. Its 
share in industry is about 19%, investment and savings involve 
about 28% of gold.

China occupies the first place in the world with gold 
consumption of 984 tons. India is the second place, 849 tons 
of rare and precious metal were used in various industries. 
Although India is not the world’s largest gold producer, it 
has been the world’s leader in gold consumption for many 
years in the economy and the public. Nowadays its consump-
tion is in second place. The United States (193 t), Germany 
(124 t), Switzerland (116.2 t), Thailand (90 t) Saudi Arabia 
(85 t), Russia (75.1 t), Turkey (72 t), Iran (71 t), Vietnam 
(63 t) and Indonesia (59 t) occupies the places after China 
and India countries.

Table 3. World Consumption, tonnes

year volume
1 2

2007 3571.0
2008 3821.0
2009 3530.0
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1 2
2010 4070.0
2011 4125.0
2012 4585.0
2013 4088.0
2014 4258.0
2015 4253.0

source – World Gold Council

The price of gold is changing for depending on market 
conditions. The price of the gold is registered mainly in the 
London Metal Exchange. According to www.kitco.com, in 
2007–2009, there was a sharp decline in its value during 

the global financial and economic crisis. In particular, its 
value in 2007 was about 696.7 $ in 2008, it increased to 
868.4 $ in 2008 and it involves about 957.5 $ in 2009. The 
decline of the global financial and economic crisis and its 
erosion in some developed countries, the gold prices were 
increased. For example, the value of gold in 2010 was about 
1224.7, in 2011 to 1558.3, in 2012 was about 1668.7, in 
2013 was about 1411.2, in 2014 to 1266.4 and in 2015 it 
was increased to 1160.1 $. The rise of gold prices on the 
world market will certainly increase the national income 
of Uzbekistan.

In summary, it should be noted that the gold industry 
plays an important role in the economy of Uzbekistan and 
is characterized by Total Internal Production.
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Abstract: the article deals with the investigation of the process of free movement of particles in the rotor grooves 
under various operating and geometric parameters of the working chamber and obtaining the equation of the theo-
retical productivity of the working chamber of the crusher.
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This work is continuation of works [1; 2] it is also directed 

to receiving model of the movement of grain in the working 
chamber.

The movement of grain in a groove of a rotor represents 
itself discrete process i. e. alternation of stops and movements. 
At the time of jamming of grain between working surfaces of 
a rotor and the stator there is a stop of its movement in the 
radial direction. At the same time, if deformation of a particle 
is ≥ Δ that there is a destruction. When jamming a particle 
and deformation insufficient for destruction there can also be 
a stop, but only on condition that centrifugal force will be less 
or is equal to the sum of all resistance forces.

As a first approximation process of destruction of sepa-
rate grain it is possible to present in the form schemes in fig. 
1, considering that each destruction halves a particle exactly.

In fig. 1 the example of consecutive destruction of a wee-
vil with an initial diameter of 5 mm to particles of 0.625 mm 
in size which it is less critical 2 0 893r ммk = . at is given 
2 0 893r ммk = .  at δ = 0  and therefore freely go out of the 

working chamber. From this scheme, we will receive d d
r i

ri
+ =1 2  

where i = 0 1 2, , ....  – number of the crushed particles mi
i= 2 , 

number of degenerations N mi i= −1

d мм at h мм tabз р с0 0
0 0 0 05 10 6 71 13 24 1 1= = = = [ ]{ }� � � � � �, , , , , .α α

The algorithm for a research of the movement of grain in 
the working chamber presented in a general view in (fig. 2):

1. In the operator of size f r r r rк з зк, , , , , , , ,� � � � � � � �ω β δ0 ∆  get out, 
� � �α α γр с, , 2  entered after their calculations [2. equation (10); 
1. equation (2)].

2. Counter of number of steps of i. For the equal initial 
sizes of grains both cereal, and bean it is enough to have 
i  =0.1… 5 at a gap δ = 0 , and deformation destruction
∆ = 0 445, мм .

3. Definition of value of radius of a particle at the time of 
destruction taking into account a possible accidental devia-
tion from size rзi

2
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r
r

зi
зi

+ = 





 +1 2

ρ

where ρ  – the operator of a randomizition chosen in the 
range of possible deviations of r зi . On the basis of the experi-

mental data of distributions of fineness of particles at the exit 
from the working chamber

ρ = ÷( ) ⋅0 0 2
2

,
rзi

Figure 1. The scheme of destruction of grain at δ = 0  and the rated diameter of grain

4. Calculations r i+1 [2, equation-3]
5. The solution of the differential equation of the move-

ment of grain in a matrix form
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For use of PVM and the decision in a cover of Mat lab 
will conveniently present in a vector form: function y prime= 
= udpol(t, r);
y prime = + ⋅ ⋅ + ⋅( ) − ⋅



 ⋅

⋅[ ]′ ⋅

0 1 1

1 2

2 2; sin cos cos cos

( ) ( )

ω λ λ λ λC N A

X X B
6. To calculate time of the movement between destruc-

tions of a particle it∑
.7. To calculate time of stops of a particle

T
r

rpi
i

i

=
⋅∑∑ 2 3

ω .
8. Operator of comparison r ri k3 1 3+ ≤ . If the condition is 

not met, to pass to operator 2 if the condition is met, a free 
exit of particles of r 3i+1 from the working chamber is provid-
ed – to pass to operator 9.

9. To find calculate T t Ti pi= +∑∑  the time spent of a 
particle in the working chamber.

10. To print values T r ri i, , 3  and to receive function graphs 
x(t).

For production of calculations on PVM with use of a 
cover of Mat lab, we developed the following files [3]:

1. Main abd8.m file
2. Auxiliary abd8.a file
3. Auxiliary.abd8.v file
Calculations show that number of destructions of grain, 

coordinates of points of destruction depend on the initial 
sizes of grain, the established δ  rotor stator gap. In fig. 3 it 
is shown ω =140 p c/ , and in the table 1 results of calcula-
tion for different initial r30 within the operating range of a 
gap δ . The received results show increase in the size of par-
ticles at the exit at increase δ  and r 30.

The number of destructions and number of the de-
stroyed particles decrease with increase δ  and reduction of 
r30. At the same time, the size of particles at the exit signifi-
cantly differs from δ  the size of the established gap. How-
ever, by consideration of set of the particles coming to the 
working chamber, which sizes submit to normal distribution 
it is possible to determine the average sizes of particles at the 
exit. Ways of the accounting of number of the destroyed par-
ticles and their sizes have given in (table 2).
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Figure 2. The block – the scheme of an algorithm for a research of the 
movement of a particle of grain in the working chamber

Figure 3. Movement and coordinates of points of destruction of grain in the working chamber at 
� � � �ω = =−140 0 51с мм, ,∆  (for the working chamber with geometrical parameters 

r мм r мм h в мм A B ммк0 015 100 10 50= = = = = =, , ,� � � �
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Figure 4. An arrangement of coordinates of points of destructions for particles with an initial radius of grain 
r мм30 2 0 3 5= ÷. .  (digit 1.2.3, – respectively number of destruction, a text against these digits – coordinates of 

destruction, digits in brackets indicate the initial size of grain)

Results on number of destructions and the sizes of the 
leaving particles depending on the initial sizes r30  and a rotor 
stator gap are given δ .

Feature of working process is the discrete movement of 
the destroyed particle with a short-term stop at the time of 
destruction. From fig. 4 it is visible that the working area of 
destruction of particles r30 = 2 … 3.5mm fluctuates between 
the first point “1” and the last “3” – at δ = 0  and makes dis-
tance (95.2–44.14) mm. The randomized nature of destruc-
tions leads to insignificant change of length of the working 
area and average size of particles at the exit that confirmed by 
a series of again of the implementable modes of calculations. 
In this zone, there is a sharp reduction of speed of a flow of 
material determining the flow capacity (productivity) of the 

working chamber. Therefore, it is necessary, first to determine 
the average speed of particles (fig. 4)

v
r r

tcp
k i=
−

∑
,

Where: rk  – radius working cameras, m;
r i – the coordinate of the first destruction, m;

it∑  – calculate time of the movement of particles on an 
interval (rk–ri).

For receiving, t∑  it is necessary to consider the scheme 
(fig. 5) of distribution of simultaneous destructions on sites 
of a way, which defined by time 1/z a rotor turn. So, for 
ω = −140 1�с  has 22.3 r p s and time of turn for one groove 
′ =t 0 0075, .�c

Apparently

Figure 5. The scheme of distribution of simultaneous destructions from 
the moment of the beginning of destructions to an exit
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From fig. 4 and 5 that in the range of r1 = 44.14 … 55.1 mm 
are crushed at the same time 2 particles of the first destruc-
tion, on r2 = 55.1 interval … 68.9 mm only one particle of the 
first destruction. On r3 = 68.9 interval, 86 respectively – both 
particles of the first and three particles of the second crushing 
are in r4=86.0 interval … 97.0 mm.

Since the number of intervals of destructions (or turns of 
a rotor on one groove) makes around four with alternation a 
rotor groove – the bottom of the stator and a groove of a ro-
tor – a stator groove, time of movement should be increased 
twice, i. e.

t t c= + =∑ 2 3 0 0056 0 0562( ' . ) . ,

In addition, average size of flow rate

v м сcp =
−

= =
0 097 0 04414

0 0562
0 05286
0 0562

0 94
. .

.
.
.

. /

Here 0.097 – the outside radius of a rotor necessary for a 
free exit of particles [2, tab. 1].

In the course of movement in a groove of the working 
chamber flux density changes as a result of crushing, and 
also as a result of stretching and compression of a flow. From 
(fig. 5), it is visible that compression of a flow begins with 
r1 = 44.14mm value and density reaches the maximum value 
in the range of 68.9 … 97mm. If to consider that lump linearly 
depends on fineness of particles, then for wheat (rz o = 6mm γ0 = 
= 0.75 kg/m3, r z k = 0.1mm γ к = 400kg/m3) let us receive the 
lump equation γ = 59.3* rз = 394 kg/m3 convenient for use when 
calculating weight productivity of the working chamber. For 
the accounting of reduction of flux density at the expense of its 
arrangement, we will enter coefficient of reduction of density

К
r

ln
cp

i

= = =
2 0 66

6 39
0 103

,
,

,

,Where 2rcp =0.66 mm – the average size of diameter of a 
particle at the exit from the working chamber (will be deter-
mined by these tab. 2 and tab. 3);

l1 = 95.24–88.85 = 6.39 – the site length, a zone of the last 
destruction of particles (fig. 5).

Productivity of the working chamber can be determined 
on a formula:

Q z B d v Kcp cp n= ⋅ ⋅ ⋅ ⋅ ⋅3600 3 γ  k g/h;
Where z – number of grooves of a rotor, piece;
Groove V – width at the exit, mm:
The d3 cp-average size of diameter of particles at the exit 

from working cameras, mm;
The vc p – average size of flow rate in a zone of destruc-

tions, m/s;
γ  – The volume mass of the crushed product at the exit, 

kg/m3;
Kn – coefficient reduction of flux density.
For the considered case for the working, chamber with 

the ω = =140 1 50/ ,c B мм z = =6 0, ,δ  mm parameters the 
initial radius of r30 = 2.0 grain … 3.5mm,
Q = ⋅ ⋅ ⋅ ⋅ ⋅ ⋅ ⋅ =−3600 6 50 0 66 10 0 94 413 5 0 103 28 546, , , , ,  kg/h.

Respective for the same conditions on at δ = 2

Q = ⋅ ⋅ ⋅ ⋅ ⋅ ⋅ ⋅ =−3600 6 50 1 72 10 1 55 445 0 05 64 56, , , ,  kg/h.
Results of calculations of productivity depending on a 

rotor stator gap gave in tab. 1. From tab. 1 it is visible that 
the theoretical productivity of the working chamber with a 
diameter of 200 mm and

Table 1. – Theoretical productivity of the working chamber with a 
diameter of 200 mm and between grooves 50 mm wide

ω, p/c Q, kg/h for the sizes of particles r30 = 2–3.5mm (wheat, barley)
δ = 0 δ = 0.5 δ = 1 δ = 1.5 δ = 2

60 16.8 18.0 22.1 24.8 30.3
80 15.7 21.5 26.0 30.3 36.6

100 23.1 24.6 27.8 35.9 44.4
120 25.3 28.3 30.7 41.8 53.6
140 28.5 31.5 37.5 48.7 64.5

* Average values on 5 numerical implementations on PVM are shown

Width between grooves of 50 mm at the exit both in-
crease in rotating speed and clearance increase leads to 
growth of productivity. Dependences on sections ω or ∂ω 
or ∂ have linear character. In general, theoretical produc-
tivity reflects the flow capacity of the working chamber of 
the considered type, but owing to the probabilistic nature 
of process of destruction of particles can fluctuate within ± 
10 percentage of average value.

In addition, a series of calculations based on the abd8a 
file made for determination of the maximum flow capacity of 
the working chamber at free (without destruction) the ra-
dial movement of grain. Results presented in tab.1, and ex-
amples of implementation of processes of the movement of 
grain in a graphic view of fig. 6. The research of influence of 
a corner which defines linearity of the differential equation 
the movement of particles in rotor grooves shows its insig-
nificant influence processes λ ≤ ÷5 60 .
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а) at ω = −80 1�с b) at ω = −140 1�с

Figure 6. Free movement of grain in the working chamber

Table 2. – The sizes of the destroyed particles and their coordinate for the 
working chamber with r0 = 15 mm; rk = 100 mm at r30 = 2.0mm

Destruction on two equal particles 2.0 1.0 0.5 0.25
The size of particles at the accidental 

nature of destruction 2.0 0.9 0.6 0.22

δ = 0
r3k = 0.445 69.69

86.72 95.24 *

88.42 93.54 *

C
oo

rd
in

at
e o

f t
he

 
de

st
ro

ye
d 

pa
rt

ic
le

 o
f r

, 
m

m

δ = 0.5
r3k = 0.609 73.96 91.00 * *

92.70 * *
δ = 1

r3k = 0.804 78.23 95.27 * *
96.97 * *

δ = 1.5
r3k = 1.119 82.51 * * *

* * *
δ = 2.0

r3k = 1.374 86.78 * s* *
* * *

* – free exit of particles ( for example for r30=2,0mm and δ = 0  on 3 steps of crushing at r i3 0 5 0 6= ÷, , mmr i3 95 24 93 5= ÷, ,  there 
will also be the last destruction and particles the sizer i3 0 25 0 22= ÷, ,  will have a free exit from the working chamber).

Similar calculations made for the grain 5.0 sizes; 4.0; 3.5; 3.0; 2.5 mm

Conclusions
1. Researches of process of free movement of particles in 

rotor grooves at different regime and geometrical parameters 
of the working chamber conducted. Special files are for this 
purpose developed and used on PVM in the Mat LAB system. 
Reduction of motion speed of particles on inclined grooves, i. e. 
reduction of flow capacity of the working chamber received.

2. It established that at the time of jamming and destruc-
tion the particle in a groove stops, i. e. the movement has dis-
crete character. The special algorithm allowing defining the 
number of destructions, the speed and the time spent of a 
particle in the working chamber developed for a research of 
this movement. For approach of process of destruction to real, 

the operator of randomization providing the different sizes of 
particles after destruction of an initial particle entered into a 
computing algorithm. 

3. Comparison of the movement of grain in working to 
the camera at free movement and the movement rather in-
creases at a grinding with a minimum clearance δ = 0 and at 
ωр < 80 with–1. At ωр  ≥ 140–1 with and a coarse grinding (for 
wheat δ = 2 ÷ 2.5 mm) grain motion speeds with crushing and 
without crushing are almost indiscernible.

4. The equation of theoretical productivity of the work-
ing chamber of a crusher and the corresponding implemen-
tations for wheat and barley for the working chamber with 
rk = 100 mm, δ = 0 ÷ 2mm, ωр= 60 ÷ 140–1 is received with.
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Table 3. – Number of destructions and the size of particles at the exit from the working chamber

Destruction on two equal 
particles r30 = 5mm r30= 4mm r30 = 3.5mm r30 = 3.0mm r30= 2.5mm r30= 2.0mm

The size of particles at acci-
dental nature of destruction N m

r

мм
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δ = ≤0 0 4453r k . 15 16 0.335 15 16 0.31 7 8 0.41 7 8 0.40 7 8 0.30 7 8 0.22

δ = ≤0 5 0 6093. .r k 15 16 0.335 7 8 0.54 7 8 0.41 7 8 0.40 3 4 0.55 3 4 0.6

δ = ≤1 0 0 8643. .r k
7 8 0.77 7 7 0.54 3 4 0.72 3 4 0.73 3 4 0.55 3 4 0.6

δ = ≤1 5 1 1193. .r k
7 8 0.77 3 4 1.04 3 4 0.72 3 4 0.73 3 4 0.55 1 2 0.9

δ = ≤2 0 1 3743. .r k 3 4 1.37 3 4 1.04 3 4 0.72 3 4 0.73 1 2 1.3 1 2 0.9

N-number of destructions; m, r’3k-quantity and the size of particles at the exit; r z k- the most admissible size of particles at the exit; 
data are obtained based on randomized calculation

Tabale 4. – The main indicators of a flow of material at free movement

Rotating speed ω, �c −1
The time spent in the 

slave. to the camera t, с
Speed at the exit from the 

slave. cameras υ, м/с
Average speed υср, 

м/с
Productivity of 

the exit Q0, кг/час
ω = 60 0.054 4.8 1.57 3.39
ω = 80 0.039 5.8 2.18 4.71

ω = 100 0.031 7.4 2.74 5.91
ω=120 0.025 9.1 3.14 7.33
ω=140 0.023 11.2 3.69 7.97

Note: υср =
−r r
t

к 0 ; Q z b h ср0 = ⋅ ⋅ ⋅ ⋅ ⋅−υ 10 36006 ; r0 0 015= ,  rк = 0 1, , кр  that rзо = 3 5,
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COMPLEX GENETIC RESEARCH OF SOILS OF SURKHANDARYA 
VALLEY WITH MICROBIOLOGICAL AND BIOCHEMICAL STUDY

Abstract: The article provides the results of the analysis of morphogenetic features, agrochemical and agrophysi-
cal properties of soils of the study area and influence of degradation processes. Also, analyzed the materials obtained 
on the basis of a complex system of biological studies on the number of some of physiological groups of soil mi-
croorganisms, the activity of redox and hydrolytic enzymes and the release rate of carbon dioxide emissions in the 
studied soils depending on the change of soil vertical and horizontal zonation, and degree of erosion and salinity, as 
well as seasons of the year. The studies revealed a correlation between the biological activity and the main indicators 
of soil fertility, the coefficient of humification and the total gross BA relative indicator for each soil type and subtype.

Keywords: mountain and foothill soils, irrigated soils, desert soils, erosion, salinity, degree erosion and salinity, 
number of microorganisms activity enzymes.

Introduction
Modern problems of effective land use and an increase in 

their fertility pose new practical tasks in soil science, which 
require in-depth theoretical studies for their solution using 
biological methods. With biological methods of soil study, 
one can obtain a general idea of the agronomic quality of soil 
[2, 3]. So, it can be considered that a comprehensive genetic 
study of soils with the use of morphogenetic, agrophysical, 
agrochemical, microbiological and biochemical research is 
relevant in developing scientific and theoretical bases for in-
creasing the fertility of eroded and saline soils.

As is known, erosion and salinization of soils are impor-
tant aspects of degradation, characterized by the destruction 
and depletion of soil cover under the effect of natural and an-
thropogenic factors. In the process of erosion and salinization 
of soils, the integrity of soil cover of landscapes is violated, 
its physical, chemical and biological properties change. It is 
known that biological activity is an important indicator of soil 
fertility [4, 5]. One of the components of biological activity of 
soil is a composition and abundance of microflora, enzymatic 
activity. The state of soil biota and the activity of enzymes af-
fect the fertility of soil, circulation rate of chemical elements 
falling into soil as the products of vital activity of plants and 
animals, from the bedrock lying under soil layer. The integral 
index of biological activity of soils – the intensity of release 
of gaseous metabolite, carbon dioxide, characterizing soil 
“breathing”, is the most important element of ecological soil 

monitoring and together with classical morphological method 
and results of chemical analysis of soils it allows a comprehen-
sive assessment of the state of soil [6].

Object and methods of research. The objects of the 
study are soils, distributed in the conditions of vertical and 
horizontal zonality of the Surkhandarya Valley. The studies 
are carried out with the following types of soil: eroded rain-
fed dark serozems formed on loess and tertiary red-colored 
sediments, mountain-brown carbonate and mountain-brown 
typical; old-irrigated meadow, old-irrigated marsh-meadow, 
irrigated meadow, freshly reclaimed marsh-meadow and irri-
gated typical serozems, old-irrigated light serozems, irrigated 
meadow-serozem and freshly irrigated typical soils of the sero-
zem belt, as well as saline irrigated takyr-like – meadow, irrigat-
ed meadow desert-sand, old-irrigated meadow, old irrigated 
takyr-like meadow, freshly-irrigated meadow, old-irrigated 
meadow-takyr-like, freshly-reclaimed desert meadow soils.

Soil analysis is performed according to generally accepted 
methods, the methods developed in UzNIIKH (1977) and 
the Manual on chemical soil analysis, by Arinushkina [1]. The 
main agronomically important physiological groups of micro-
organisms are determined according to the generally accepted 
methods of the Institute of Microbiology of the Academy of 
Sciences of Uzbekistan. Soil breath is assessed according to 
the Shtatnov method in the Koleshko modification. The ac-
tivity of soil enzymes is determined by the methods of soil 
enzymology described by F. Kh. Khaziev [7].
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Analysis of agrochemical and agrophysical properties of 
soils is carried out with spring samples; the study of microbio-
logical and enzymatic activity of soils is carried out in spring, 
summer, and autumn.

Results of research. The Surkhandarya valley is an area 
of extremely southern location in Uzbekistan; it includes all 
basic types of landscape inherent Uzbekistan – from desert 
plains to mountain zone. The area under consideration is 
characterized on the one hand by the complexity of geologi-
cal structure, the formation of relief, on the other hand by a 
variety of soils, peculiar soil-forming rocks, a variety of hy-
drothermal, climatic conditions (especially arid ones), that 
result in development of a sparse vegetation and low biogenic 
character of soils; all that give rise to degradation processes 
(such as erosion, salinization, etc.).

In connection with the degradation processes in morpho-
logical features of mountain-brown soils in the Surkhandarya 
region, the increase in thickness of the humus horizon is ob-
served, as well as the decrease in thickness of the transition 
horizon, the presence of darker tones, the predominance of 
waterproof and nutty structure, more marked manifestation of 
clayey horizon, more deep occurrence of carbonate horizon. 
Irrigated soils are distinguished by the presence of an agro-
irrigation horizon. In desert soils, due to extreme dynamism 
of the regime of moistening and salinization of soils, a certain 
imprint is imposed in the structure of soil profile, which is the 
reason of its heterogeneity observed throughout the lithologi-
cal structure.

The studied soils, depending on different formation con-
ditions, are not the same in mechanical composition; this is 
related to the genesis of soils, the processes of erosion and 
salinity. Washed out soils are characterized by less porosity 
than non-washed and washed over soils, it helps to limit the 
activity of enzymes and microorganisms.

Characteristic feature of the investigated desert soils is 
stratification and sharp change in mechanical composition 
along the soil profile. In some places clay loams are interbed-
ded with sandy loam, and sand soil – with clays; sharp fluc-
tuation in the content of mechanical fractions is associated 
with sharp and more contrasting change in lithology of alluvial 
deposits.

The intensity of the processes of erosion and salinity de-
pends on the soil-ecological conditions of the region, which 
is reflected in the agrochemical properties of soil. According 
to humus and nutrients content in studied soils the following 
decreasing sequence could be built: mountain brown typical – 
mountain-brown carbonate – dark serozem on loess – dark 
serozem on tertiary – old-irrigated meadow – freshly irrigated 
typical serozem – irrigated meadow desert-sandy – old-irrigat-
ed takyr-like – meadow soils.

Soils of the investigated territory under the influence of 
degradation processes differ in composition of microbial as-
sociations and in intensity of microbiological processes. The 
main feature of soils of the studied region is their relatively 
low microbiological activity. The highest activity is observed 
in mountain-brown typical soils. The largest number of micro-
organisms is in the upper horizons, and sharp decrease occurs 
in the lower horizons. The content of microorganisms varies 
depending on slope exposure, the degree of erosion and salin-
ity. Among the groups of microorganisms studied, ammoni-
fiers are the most predominant group in microbial population, 
the second largest in number are the actinomycetes and fungi, 
followed by nitrogen-fixing and nitrifying microorganisms. 
Oily-acid microorganisms are presented in a smaller amount. 
Decomposition of cellulose in these soils is slow, with the ex-
ception of irrigated soils.

The processes of erosion and salinization have a negative 
effect on the development of the studied groups of microor-
ganisms, and the more pronounced these processes are, the 
poorer the soils.

The effect of erosion on microbiological activity of soils is 
more pronounced in mountain and foothill soils, and saliniza-
tion – in desert soils, the main limiting factor in microorgan-
isms growth in these soils is the lack of food and moisture. 
Microorganism content in soil also varies with slope exposure, 
the degree of erosion and salinity, the duration of irrigation, 
cultivation, the type of agricultural use, and the morphoge-
netic structure of soil.

The production of СО2 in investigated soils depends on 
soil-ecological conditions, soil properties, quantitative com-
position of microflora, etc. The amount of СО2 emissions 
increases from irrigated soils to mountain-brown soils, from 
soils located in southern exposures to the northern ones, from 
washed out to non-washed and washed over soils. The degree 
of salinity has a different effect on the release of carbon diox-
ide. Strongly saline desert soils are characterized by low inten-
sity of carbon dioxide emissions in comparison with medium 
and slightly saline soils.

In connection with its special role in soil formation and 
effects on plant life factors, enzymatic activity is one of the 
most complex phenomena occurring in soil; it depends on 
the conditions of soil formation. In the process of degradation, 
the main soil-ecological parameters that control the enzyme 
level of soil deteriorate, as a result, the enzymatic activity also 
decreases. At transition to the mountain-brown soils, the ac-
tivity of studied oxidation-reduction and hydrolytic enzymes 
increases with an increase in total microbiological activity, hu-
mus and nutrients content, which decrease down the profile. 
Due to the intensification of soil erosion and salinization pro-
cesses, the genetic types studied are characterized by a lower 
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level of enzymatic activity than non-washed, slightly saline 
and non-saline soils.

The seasonal dynamics of biological activity of soils is 
determined by the hydrothermal conditions of the region. It 
has been revealed that in each soil species under study with 
specific physico-chemical properties, a certain number of 
microorganisms develops and an equilibrium of biochemical 
process is established, typical for these conditions and sea-
sons. According to the seasonal dynamics of biological activ-
ity of soils studied, they can be classified as a type – with a 
minimum in summer and a maximum in spring and autumn.

The established correlation dependencies indicate the 
presence of a connection between biological activity, the pa-
rameters under consideration and the basic properties of soils 
in the desert zone, which allows using them as biological tests 
to diagnose the fertility of eroded and saline soils.

Complex study of biological of degraded soils with dif-
ferent physicochemical, microbiological and biochemical 
properties, and heterogeneous structure of soil profile, makes 
it possible to disclose their ecological and genetic character-

istics, as well as the extent to which natural and ecological 
factors influence the fertility of soils. Relatively high value of 
biological activity in studied soils has mountain-brown typical 
soils, and the least value – moderate saline desert takyr-like 
meadow soils. The change in biological activity of soil can in-
dicate the change in the level of its fertility; this makes it pos-
sible to recommend indicators of general biological activity 
for widespread use in monitoring and bio-indication of soils.

Conclusions. Thus, a comprehensive study of biological 
activity of soils in the area under study, including the biota, 
the products of its life activity, together with the abiotic com-
ponents, reveals geographical diversity and genetic features 
of soils, the patterns of their interconnection and interdepen-
dence, and the extent to which natural and ecological factors 
influence the fertility of soils. The refinement of the actual di-
agnostics of soil fertility by morphogenetic indicators, chemi-
cal composition, physical and biological properties, erosion, 
salinity characteristic in the area under study will contribute 
to more rational location of crops and implementation of anti-
degradation measures.
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BIOLOGICAL INDICATORS OF SOUTHERN CHERNOZEM DURING 
LONG-TERM APPLICATION OF MINERAL FERTILIZERS

Abstract: The article studies the change in the state of the microbial cenosis of southern chernozem during long-
term use of various doses of mineral fertilizers. Changes in enyzmatic activity and microbial population were noted: 
a decrease in the enzymatic activity of the soil at doses N120P30K30, N120P60K60, N180P30K30 and N180P60K60; a decrease 
in the number of microorganisms mobilizing mineral phosphates at dose of N180P60K60. No significant impact on the 
number of lumbricids was found.

Keywords: mineral fertilizers, microbial cenosis of the soil, enzymatic activity of soil, southern chernozem.
Introduction.
Mineral fertilizers still play a prominent role in not only 

increasing the production of agricultural products, but also 
in rising soil fertility. Long-term use of mineral fertilizers 
leads to significant changes in agrophysical, agrochemical 
and biological parameters of soil. The changes in the first 
two parameters were studied by many researchers, but the 
structural and functional changes in the microbial cenosis 
of the southern chernozem, its biological activity when the 
various doses of mineral fertilizers are systematically used 
in the bogharic conditions of Black Sea region steppes of 
Ukraine is insufficiently studied.

A number of authors indicate an increase in the biogen-
esity of the soil when using mineral and organo-mineral fer-
tilization programs. Therefore, studies conducted in the third 
rotation of a six-field crop rotation on gray forest soil, indi-
cate activation of mineralization processes of soil nitrogen on 
intensive and high-intensive mineral backgrounds [1, 557]. 
Similar results were obtained on chernozem soils of the Left-
Bank Forest-Steppe of Ukraine: usage of mineral fertilizers in 
doses of N30–90P30–60K30–60 resulted in an increase in the number 
of microorganisms assimilating organic and mineral nitrogen, 
compared to nil treatment variant by 7–9% (podzolized black 
chernozems) and 3.9% (ordinary chernozem) [2, 17]. It is 
noted that the resistance of the microbial cenosis to the effects 

of fertilizers depends on the type of soil: the microbial system 
of the leached chernozem has greater stability in comparison 
with sod-podzolic [3, 19].

Observation of development of soil toxicosis and inhibi-
tion of microflora in cases of prolonged systematic use of high 
doses of mineral fertilizers have been made [4, 65–82; 5, 133]. 
The use of high doses of mineral fertilizers causes a disrup-
tion in the structure of microbial communities, especially 
when use long-continually [6, 111–113]. In most cases, the 
use of mineral fertilizers in moderate doses positively affects 
the microorganisms and biological activity of the soil, and 
increased doses often inhibit the activity of many microbio-
logical processes (nitrogen fixation, nitrification), while the 
mineralization processes, humus destruction, and the scale of 
denitrification increase. The inhibition of the development of 
soil microflora under winter wheat was noted with a dose of 
fertilizers N90P90K90 [7, 130–150]. It was also found that the 
use of high doses of mineral fertilizers causes an increase in the 
number of fungi, and the proportion of phytopathogenic and 
toxin-forming species [8, 175–176]. In addition, some data 
on the 65-year-old application of balanced doses of mineral 
fertilizers without negative changes in microbiological soil 
indicators exists [9, 116].

The systematic usage of large quantities of mineral fertil-
izers, an unbalanced ratio of nitrogen, phosphorus and po-
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tassium can cause disbalance in the biogeochemical cycle of 
these elements in soils. Therefore, for each specific soil and 
climatic conditions and crops, it is necessary to determine 
the optimum doses of mineral fertilizers, which will not cause 
negative biological processes in soils and affect the microflora 
of soils negatively with increase in yields.

One of the indicators of biologically active soils is their 
enzymatic activity. Enzymes such as dehydrogenase, invertase 
and polyphenol oxidase are important in the formation of soil 
fertility. Their activity is widely used as a bioiodiagnostic indi-
cator when assessing the influence of various factors on soils.

Terricous invertebrates, earthworms (lumbricides) in par-
ticular, can also serve as indicators of soil properties change 
under the influence of mineral fertilizers.

The purpose of our studies was to determine the changes 
in microbiological and biochemical indicators of southern 
chernozem and the number of lumbricidae depending on the 
doses of mineral fertilizers with long-term use.

Minerals and techniques. Microbiological and bio-
chemical studies were conducted in the sixth rotation of 
the seven-field crop rotation of a long-term stationary field 
experiment of the science and technology in the field of ag-
rochemistry and soil fertility department of the Odessa State 
Agricultural Experimental Station in 2015–2017. Experi-
ence was conducted in 1971 on low-humus loamy southern 
chernozem over loess. Experiment was conducted in 4 fields, 
entry into the crop rotation was carried out on one field, the 
repeatability of the options in the experiment is triple, the 
placement is systematic. The area of the experimental plot 
is 240 sq.m., discount area is 88 sq. m.

17 fertilizer systems are studied; mineral fertilizers used 
are: ammonium nitrate, granulated single superphosphate, po-
tassium salt and  ammonium nitrate phosphate fertilizer. Dos-
ages are listed in the tables to show the results of the study.

Soil samples were taken in the 0–25 cm layer on winter 
wheat crops in the stage of earing after two precursors: bare 
fallow and winter rapeseed and determined the following 
biological indicators: the number of microorganisms of the 
main ecological-functional and taxonomic groups by mi-
crobiological seeding of soil suspension of the appropriate 
dilution on solid nutrients medium [10–13]: organotrophic 
bacterium – on meat-and-peptone agar (MPA), microor-
ganisms that assimilate nitrogen mineral compounds and 
actinomycetes – on starch-and-ammonia agar (SAA) oligo-
trophic microorganisms – on starvation agar (GA), fungi – 
on Richter medium, microorganisms that mobilize mineral 
phosphates – on Muromtseva medium, organophosphates – 
on Menkin medium. Estimates, in particular mineralization 
[14], oligotrophy [15] and microbial transformation of soil 
organic matter (MTSOM) [16, 13–16], characterized by 

the intensity of mineralization processes and the trophic 
levels of the soil, were determined by the ratio of individ-
ual groups of microorganisms, the total biological index 
(TBI) – a method of relative values by G. Azzi [17, 242–243]. 
Biochemical activity of soils was determined from the ac-
tivity of invertase enzymes (photocolorimetric method, 
described by D. G. Zvyagintsev et al. [10, 157–158]), 
dehydrogenases (by A. Sh Galstyan [18,39–40, 19, 1–7] 
and polyphenol oxidase (by  L. A. Karyagina and 
N. A. Mikhailovskaya [20, 40–41, 21, 1–6]).

The number of earthworms was determined by tecnique 
of M. S. Gilyarov [22] in the soil layer of 10 cm on the plots 
of 50 × 50 cm.

The authencity of the data obtained during the research 
was evaluated by analysis of variance using the standard pack-
age of programs “Statistica 7.0”.

Solution and consideration. The abundance of microor-
ganisms of the studied groups in the soil against the back-
ground of all fertilizer systems when growing winter wheat af-
ter winter rapeseed was higher than in the nil treatment variant 
(Table 1). The maximal abundance of microflora (twice the 
nil control index) was observed when N180P60K60 was applied. 
Nitrogenous fertilizers treatment in a dose of on the average 
increased the number of microorganisms by 38% compared to 
nil treatment variant, with a dose of N180, the abundance of mi-
croorganisms in the soil differed little from the nil control vari-
ant. When N60P30K30 was applied, the abundance of microflora 
was on average higher than in nil treatment variant by 58%. 
The increase in the dose of nitrogen (N180P30K30) resulted in 
a lessening of effect. P60K60 treatment gave an increase in the 
abundance of microflora by 46% relative to nil treatment, the 
application of these doses of phosphorus and potassium fer-
tilizers with the minimum norm of nitrogen (N60P60K60) had 
a less positive effect, with the exception of N180P60K60, where, 
as already noted, there was the highest number of microor-
ganisms in mainly due to the bacteria that assimilate mineral 
nitrogen. When nitrogen fertilizers were treated in a dose of 
N180 (N180, N180P30K30, N180P60K60) the abundance of micromy-
cetes was twice that of nil treatment variant. The oligotrophy 
index on fertilized variants was predominantly lower than in 
the nil treatment variant, which indicates an improvement 
in the nutritional regime. The mineralization coefficient also 
had lower values than those in the nil treatment variant, ex-
cept for the N180P60K60. variant. The coefficient of microbial 
transformation of soil organic matter with the introduction 
of mineral fertilizers was significantly higher than in the nil 
treatment. Generally, the number of physiologically active 
microorganisms mobilizing mineral phosphates was lower 
than the values at the nil treatment, with increasing doses the 
degree decreased (Table 2).
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Table 2. – Influence of different doses of mineral fertilizers on the abundance of 
phosphate‑mobilizing microorganisms in southern chernozem

Experiment variant
Phosphate-mobilizing microorganisms, million/g

mineral organic
total with Ca3(PO4)2 dissolution zones total with phytin dissolution zones

Field No. 1
nil treatment 24.08 11.37 16.47 8.95

N60 18.07 12.74 25.79 10.54
N180 23.31 7.81 21.99 10.49

N60P30K30 26.72 8.57 26.72 12.59
N180P30K30 28.93 11.52 15.17 2.35

P60K60 24.09 6.25 29.81 15.21
N60P60K60 15.99 6.30 30.83 15.99
N180P60K60 16.31 2.59 18.89 6.94

НСР0,05 2.06 1.40 2.60 1.36
Field No. 2

nil treatment 21.17 11.05 18.74 5.72
N60 15.69 7.18 14.80 7.33
N180 14.26 5.18 23.00 13.65

N60P30K30 13.22 8.05 6.65 3.45
N180P30K30 15.10 7.40 17.69 8.88

P60K60 16.72 7.80 18.91 8.66
N60P60K60 17.66 7.49 22.87 10.91
N180P60K60 12.32 5.90 23.45 11.80

НСР0,05 3.15 1.28 2.82 1.49

The abundance of microorganisms, mobilizing organic 
phosphates, significantly increased. Exceptions are physiologi-
cally active forms on variants N180P30K30 and N180P60K60, where 
their abundance was much lower.

In the soil of all variants of fertilizer systems of field No. 
2, where winter wheat was grown after bare fallow, the mi-
croflora was lower in number than in the nil treatment, and 
the degree of decrease in nil treatment became lower with 
increase of fertilizers doses. The highest abundance of mi-
croflora among the fertilized variants, according to the TBI 
(as well as in field No. 1), is noted on the variant N180P60K60The 
oligotrophy index on the fertilized variants of field No. 2 was 
also lower than in the nil treatment variant, with the excep-
tion of the variants where the nitrogen fertilizer dose was at 
the level of 180 kg/active material, The same tendency is ob-
served in the values of the mineralization index. The MTSOM 
coefficient at doses N60, N60P30K30, N60P60K60 did not differ 
significantly from the values at the nil treatment, at doses N180, 
N180P30K30, N180P60K60 had lower values. The total number of 
bacteria mobilizing organic phosphates, as well as the num-

ber of their active forms in the soil of fertilized field variants, 
where the precursor was bare fallow, was lower than in the nil 
treatment variant. The number of the latter was twice lower in 
the variants with a dose of mineral nitrogen of 180 kg/active 
material. (N180, N180P60K60). The number of bacteria dissolving 
organic phosphates in fertilizer applications was higher than 
in nil treatment soil.

One of the indicators of soil quality is the level of its en-
zymatic activity. The dehydrogenase activity in the soil of the 
fertilized variants of field No. 1 did not differ significantly 
from the nil treatment varient, the activity of invertase and 
polyphenol oxidase was reduced (Table 3). The maximum 
decrease in polyphenol oxidase activity was noted in variants 
N180, N180P60K60.

In the soil of the fertilized variants of field No. 2, the activ-
ity of all three enzymes studied decreased. The lowest activity 
of dehydrogenase had the variants N180, N180P30K30, N180P60K60, 
N60P60K60. A noticeable decrease in invertase activity was ob-
served when doses N180P30K30, N180P60K60, P60K60 were applied, 
polyphenol – on variants, where N180, N180P60K60 were applied.
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Table 3. – Influence of different doses of mineral fertilizers on the enzymatic activity of southern chernozem

Experiment variant Dehydrogenase, mg TFP / 
100 g within 24 hours,

Invertase, mg glucose 
/ 1g within 24 hours

Polyphenol oxidase, mg 1.4-n- 
benzoquinone / 10 g within hour

Field No. 1
nil treatment 147.00 2.34 1440

N60 136.50 1.34 936
N180 135.00 0.74 504

N60P30K30 166.50 1.59 1296
N180P30K30 144.00 1.84 456

P60K60 150.00 0.69 1008
N60P60K60 162.00 1.79 1320
N180P60K60 141.00 0.89 432

НСР0,05 20.14 1.40 66.80
Field No. 2

nil treatment 187.00 2.59 3456
N60 177.30 2.55 2160
N180 154.00 2.46 1752

N60P30K30 171.80 1.64 2184
N180P30K30 151.20 1.41 1344

P60K60 180.10 1.50 2088
N60P60K60 156.70 2.96 1800
N180P60K60 152.60 1.86 1368

НСР0,05 22.60 1.26 70.24
Note: TPF – triphenylformazan

In the soil of the treated variants of field No. 2, the activity 
of all three enzymes studied decreased. The lowest activity of 
dehydrogenase had the variants N180, N180P30K30, N180P60K60, 
N120P30K30, N120P60K60, N60P60K60. A noticeable decrease in in-
vertase activity was noted when doses N180P30K30, N180P60K60, 
P60K60,, were applied; decrease in polyphenol oxidase ac-

tivety – in variants where N120, N180, N120P30K30, N120P60K60, 
N180P60K60 were applied.

The applied fertilizer doses were influenced by the num-
ber of earthworms in the following way: a significant increase 
is noted with a minimum rate of full and phosphorus-potas-
sium fertilizer and a decrease in N180 both in pure form and 
against the background of Р30–60К30–60 (table 4).

Table 4. – The number of earthworms in southern chernozem when different doses of 
mineral fertilizers are applied (in the 0–10 cm layer, the average for the two fields)

Variant nil treament N60 N180 N60P30K30 N180P30K30 P60K60 N60P60K60 N180P60K60 НСР

number/m2 30 32 26 35 24 37 34 27 4

Conclusion. The effect of long-term use of different doses 
of mineral fertilizers on the microflora of southern chernozem 
manifested itself differently in two experimental fields. The state 
of the microbial cenosis of the soil of the fertilized variants un-
der the same culture differed depending on the predecessor. 
Common trends for both microbial cenosis changes under the 
influence of systematic application of mineral fertilizers were 
a decrease in enzymatic activity at doses of N180P30K30 and 
N180P60K60, a decrease in the number of microorganisms mobiliz-
ing mineral phosphates was visible when N180P60K60 was applied.

The number of earthworms increased significantly at the 
minimum norm of full and phosphorus-potassium fertilizer 
and decreased – at N180 both in pure form and against the 
background of Р30–60К30–60.

For the further research of regularities and direction of 
changes in the state of microbial coenoses and the number of 
individual representatives of the mesozauna of southern cher-
nozem under the influence of long-term fertilization, many 
years of data are needed.
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Abstract: In the given article it is described the principles values and parameters of combined control of three-
phase current of electric nets and power supply systems, on the base of theoretical and experimental research prin-
ciples of desing electromagnetic transdusers of primary current to secondary voltage with flat measure winding; 
mathematical models; algorithms of research and designing; methods of calculation, has allowed to solve a problem 
about development and construction efficient electromagnetic transdusers one- and multiphases primary current 
to secondary voltage.
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At present employed of electromagnetic transducers of 
single-phase current with unified output value, expansion 
of spectrum converting electric values is limited, because 
of insufficient developer of methods of calculation and 
research of magnetic transforming circuit of transducers. 
The classical methods of research of magnetic circuits don’t 
provide necessary accuracy, because three-phases primary 
currents of electrical nets include asymmetries, which do 
not possess sufficient generality, covering herewith only 
main varieties of circuits with electric and magnetic nature. 
Unfortunately, magnetic circuitries with nonsymmetrical 
parameters and values of primary current of electric nets 
calculations has been taken as a object with concentrated 
parameters [1, 2].

The System analysis of electromagnetic transducers of 
primary current has allowed also to install, because classical 
designs of transducers of current – a transformers of cur-
rent provide on output current by value 5 А in nominate of 
primary, value have: restriction on range of converted cur-
rent; significant inaccuracy; complex and non-technological 
of designs; greater size; mass; specific consumption of ma-
terials and cost. Under nominate of input current, require 
matching element – an additional transformer for unification 
of joint work with modern microprocessors and controller 
computers. The Fact just cited limited in use classical elec-
tromagnetic transducers of current related to control system 

of values and parameter of electric nets. So development, 
research and practical introducing for electromagnetic trans-
ducers with flat measure winding primary one- and three-
phases current to secondary voltage with extended function-
al possibility and unified output value, taking into account 
nonsymmetricals of three-phase current and creation on 
their base systems of multifunction control power is a de-
cision of the problem of improvement and developments 
existing technologies of control values and parameters of 
electric powers is important and actual problem of power 
supply systems (PSS).

Constrictions of electromagnetic transducers of the cur-
rent to voltage with flat measure winding for multifunction 
control of power sources of PSS are on (fig. 1 and 2).

The technical data of electromagnetic transducers of 
the current to voltages with flat measuring winding for 
power course of PSS given in tab.l. On the base of analysis 
of main correlations of current output voltages electromag-
netic transducer to voltage with flat measuring windings 
is installed that most further research must be directed on 
development of new principle transformations and sensitiv-
ity construction transducers current to three-phase electric 
nets, providing nonsymmetry, unification of the output 
values and possessing extended functional possibility for 
combined control of sources of PSS [3].
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1-base – main core, 2, 3 and 4 – gaps, 5, 6 and 7 – seal holder plastins, 8, 9 and 10 – flats measuring windings (FMW), 11, 12 
and 13 – insulation plastins, A, B and C – primary windings – conductors of electrical three-phases nets of PSS

Figure 1. The Electromagnetic transducers of the primary current 
to secondary voltage with a fixed magnetic circuit

1 and 2 – base – main cores, 3, 4, 5, 6, 7 and 8 – air clearance, 9, 10, 11 and 12 – gaps,13, 14, 15 and 16– insulation plastins, 17, 
18, 19 and 20 – flats measuring windings (FMW), A, B and C – primary windings – conductors of electrical three-phases nets 

of PSS
Figure 2. The Electromagnetic transducers of the primary current to secondary with movable magnetic circuit

Table 1. – The technical data of current electromagnetic transdusers

Num-
ber of 
input 
point

Primary cur-
rent Output 

voltage Uout
(V)

Coeff. of 
trans-forma-

tion KT

Resis-
tanse R 
(mΩ)

Induc-
tance Lp 

(μН)

Construction chemas of con-
nections flate measuring wind-

ings (FMW) with advisable 
numbers of windings

Ip
(A)

Imax
(A)

1 2 3 4 5 6 7 8

1. 25 36 25 1/1000 0.3 0.023

2. 12 18 24 2/1000 1.1 0.09
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1 2 3 4 5 6 7 8

3. 8 12 24 3/1000 2.5 0.21

4. 6 9 24 4/1000 4.4 0.37

5. 5 7 25 5/1000 6.3 0.58

The Analysis of functioning transducers conditions of 
primary current and requirements have shown that in energy 
system is advisable to use electromagnetic transducers of cur-
rent and voltages with flat measuring windings and develop-

ment principle transformations and design electromagnetic 
transducers, providing account nonsymmetrically, unification 
of the output values and possessing extended functional pos-
sibility for multifunction control source of PSS.

Table 2. – Principle of flat measuring windings design for electromagnetic 
transducers of primary current to secondary voltage

N Type of flat measuring windings Form of flat measuring windings Area of the section

1. Triangulare S abtr = 2

2. Square-wave S kabsq =

3. Round S k D
r = π

2
4/

4. Loopy Sp = 2 аb

The graphs of the steady-state features of primary current 
electromagnetic transdusers to secondary voltage, got accord-
ing to equations (1–3) are presented on (fig. 3–6):

 U fW F e F eeout pio A

R t
L

rem А

R t
L= ±

− −

4 44, ( )max

I

I

I

I  (1)

Similar equations for building of steady-state features for 
secondary voltages of phases В and C three-phase electric 
nets:

 U fW F e F eеout B

R t
L

em B

R t
L= ±

− −

4 44, ( )max

II

II

II

II
r , (2)

 U fW F e F eeout C

R t
L

em C

R t
L= ±

− −

4 44, ( )max

III

III

III

III
r  (3)

As can be seen from fig.3 and 4, when increase air gaps-
clearance, strongly decreases the value of the output voltage 
Ueout. The Best output voltage values are provided at value of 
the air clearance equal to 0.002–0.003 m. and count whorl 
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WFMW equal to 3–4 (fig.5). Increase the number of the elec-
tromagnetic transducers whorl of current to voltage (fig. 6) 
promotes more fluent change value of the output voltage, 

change area sections of flat measure winding provide linear 
change output value of the voltage (fig. 6).

(1–20 мм., 2–22 мм., 3–24 мм., 4–26 м.)
Figure 3. Steady‑state features of output voltage under 
different FMW under importances of the air clearance 

(points – an experiment, line – a design values)

Figure 4. Dependency of the Ueout

with different importances

Figure 5. Graphics of output voltage Ue out in different 
importances of the number whorl – WFMW.

Figure 6. Graphics of output voltage Ue out in different 
importances area sections

In the graphics (fig. 3–6) shown the results of research, to-
tal reliability of design of electromagnetic transducers of cur-
rent to voltage with flat measure winding forms: R = Rcat par= 
=0.98 0.98=0.96, where: Rcat – catastrophic reliability, Rpar – 
parametric reliability fully corresponds to the requirements of 
combined auto control systems of source of the power of PSS.

For the electromagnetic transducers of current to voltage 
with flat measure winding for nonsymmetries control electri-
cal nets of three phases of total errors are defined based on 
fair spuare error windings excitement, magnetite, flat measure 
windings and measure scheme:

δ prim.win = 0.02; δm = 0.01; δfmw = 0.01; δsource = 0.05.
The entropy importance of inaccuracy for electromagnet-

ic transducers of current to voltage with flat measure winding 
for control of nonsymmetry three phases electrical nets is de-
fined by the formula δ trans = δΣ, where: δΣ – total importance of 
inaccuracy of electromagnetic transducers of current to volt-
age with flat measure winding, equal 0.11; ke – entropy fac-
tors, having different importance under different distribution 
law (for normal law of distribution of inaccuracy ke = 2.07). 
The Calculation is installed that entropy inaccuracy of elec-
tromagnetic transducers of primary current to secondary 
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voltage with flat measure winding for control of nonsymmetry 
of three phases electrical nets equal to δtrans = 0.11, where ex-
perimental dates of evidence δexp = 0.21.

Conclusion
In the given article it is described a combined control of 

values and parameters of three-phase current of electric nets and 
power PSS, on the base of theoretical and experimental research 
is designed: principles of design of electromagnetic transducers 
of primary current to secondary voltage with flat measuring 
winding; the corresponding to mathematical models; the 
algorithms of research and designing; as well as methods of the 
calculation that has allowed to solve a problem development 
and construction efficient electromagnetic transducers one- 
and multiphase primary current to secondary voltage.

They are in total received following main results:
1. Motivated, that using flat measure windings in 

electromagnetic transducer, provides control system the 
reception unified out signal with parameter: voltage – 20 V, 
current – 100 mA and allows to develop new electromagnetic 
transducer of current to voltage with flat measuring windings – 
as detector element, being up to quality of combined control 
power of PSS.

2. The Best values of out voltages Ueout are provided at 
value of air gaps – clearance –δ equal – 0.002–0.003 m and 
were numbers whorl flat measuring windings – WFMW 
equal – 3–4.

3. Theoretical value of inaccurate entropy of transducers 
of current to voltage does not exceed 0.2%, but experimental 
importance of inaccuracy electromagnetic transducer of the 
current to voltage with flat measure windings equal to 0.21%.

4. On the basis of calculation is described that, total 
reliability combined in control system source of PSS on the 
base of electromagnetic transducer of primary current to 
secondary voltage with flat measure windings equal to – best 
value, equal to 0.96.

5. Employ electromagnetic converters of current to 
voltage in electric sets of systems of power supply more than 
20 enterprises shows accuracy and automations of control 
source of power that, have allowed to reduce the loss of electric 
powers on 11.26% under normative importance 13.29% (have 
provided the reduction of the technological consumption to 
electric powers on 1.13 mlrd. kVt·hour)of account due to 
increasing the class of accuracy of elements control system of 
power PSS1.0 to 0.5.
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RESEARCH OF TRAILING COVERINGS OF WIDE-SPAN 
UNIQUE BUILDINGS BY THE MODELLING METHOD

Abstract: The article provides tested models of the guy farms made of thermally processed guys, destroying 
efforts and deformations also were more in comparison with models of the farms made of thermally raw samples.

Keywords: models, guys testing, loading, calculation, deformation.
Introduction
Nowadays design and construction of unique responsible 

buildings and constructions based on results of pilot studies 
of models of designs. Test methods, scale of models and their 
number depend on research problems. It should be note that 
features of behavior of a new studied unique design in the con-
ditions of a various combination of static loading represents 
a little studied task.

Experimental researches were carried out on models in 
scale from M 1:4 to M 1:100 to nature with the subsequent 
test of elements of bearing designs of trailing systems and their 
fragments for various combinations of static loadings. Sizes of 
loadings accepted from experimental operating conditions of 
natural designs with development of recommendations about 
their widespread introduction. Test of natural buildings and 
constructions specifies settlement parameters and the corre-
sponding elements of constructive decisions.

Models of trailing coverings carried out with observance 
of requirements of physical similarity of the theory of model-
ing. Characteristics of the materials used for modeling, frag-
ments and elements of designs of the studied types of trailing 
coverings, defined from predesigned on various schemes of 
a loading.

Loads of studied model and natural design (or its frag-
ment) we define taking into account strength characteristics 
of materials [1–3]:

 q
q

F
F

q
q

м
H

R
м

H

m R
мl

Hl

m R

= = =
α α α α α

; ; ,2
 (1)

where q q Fм мl м, ,  – respectively, uniform distributed on the 
area, distributed on length (strip) and concentrated loads of 
model; q q FH Hl H, ,   – respectively, on natural designs; 
αm H mL L= /  – coefficient of scale of geometrical similarity; 
αR H мR R= /  – coefficient of scale of durability’s of materials 
or scale of power similarity; αE H мE E= /  – coefficient of scale 
of modules of elasticity or deformation similarity.

At application of expression (1) load of guys (threads) 
of models of trailing systems is considered consisting of the 
sum [1]

 q x q g p p( ) = = + +ϑ  (2)
where, g  – constant loading, p  – temporary loading, ϑp – 
loading of preliminary tension at the settlement loading, equal 
10–15% from g p+ . Thus, function q x( )  can be both con-
tinuous, and faltering.

At calculation of the main deformations the coefficient of 
similarity considering a ratio of modules of elasticity of a ma-
terial of model entered αE , then deformations of movement 
of natural designs we determine by formulas
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Flexural and axial efforts in designs of trailing systems 
determined by formulas:

 M M N N HH м m R H м m R H m R= = =α α α α α α2 ; ; ,  (4)
where, M N и Нм м м,  – the bending moment, longitudinal 
force and a spacer in model;

М N и НН H Н, – same, in a natural design.
Efforts in external and internal rings of an one-zone or 

two-zone round covSering from action having unstitched guy 
systems is determined by a formula

 N Rq N rqк к кц кц= =, ,  (5)

where, q Нn
R

q
H n

rк кц
ц ц= =

2 2π π
,  (6)

R r,  – radius of an external and internal ring
Here n  and nц  – number of guys in external and internal 

rings. Thus in round coverings the external ring can be one-
zone, and internal two-zone, or on the contrary. Thus the one-
zone ring tests the sign-variable intense deformed condition.

Average tension in rings
 σ σср
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к
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N
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A
= =, ,  (7)

where, Aк  and Aкц  – the area of cross section of external and 
internal rings.

Shortening and lengthening of outer and internal diam-
eters of rings we define from expression

 − = −








 =









∆ ∆l

E
R l

E
rcp

ц
cpцσ

π
σ

π2 2,  (8)



RESEARCH OF TRAILING COVERINGS OF WIDE-SPAN UNIQUE BUILDINGS BY THE MODELLING METHOD

275

The coefficient of a pliability of external and central rings 
is represent able in a look:

 C R R E С r r Eц= = ±( , ( )'- ) '  (9)
where, R'   and r'  – the radius of an external and internal ring 
after deformations from a loading of all guys of trailing coverings

 R
l R

r
l rц' ; '=

− +
=
± +∆ ∆2

2

2

2
π

π
π

π
 (10)

Compression of an external basic ring by a tension of 
people will have essential impact on deflections of spatial sys-
tem. Diameter reduction ∆  on from action of full temporary 
loading p g= γ  determined by a formula

 ∆
∆

l
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E А f fк к

=
+

γ 4

48 ( )
, (11)

where, E Aк к  – longitudinal rigidity of a ring.
Expression (3.11) taking into account the settlement re-

sistance of a ring of Rк can be present in a look
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At a big arrow of sagging the relation f l/ / /= −[ ]1 20 1 8  of 
pro-weight to an initial arrow can be determined by a formula
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where Rs  – the settlement resistance of guys; Е  – the module 
of elasticity of guys, λ  – the parameter considering compres-
sion of a ring. If to consider only a pliability of an external ring, 
lowering a pliability of the central ring, then it is λ  possible 
to present as a ratio of settlement resistance

λ = =ЕR Е R EA Clк к s s/ / .
Rigidity of support of a thread taking into account a pli-

ability of external and central rings determined by a formula
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where d  – diameter of the central ring; Aц
 and Ак  – the areas 

of cross section of the central and external rings.

Radial people in the covering center usually fasten to rigid 
(in two-zone rings the bottom belt can be flexible) to a ring. 
At a loading of one-half of a round, covering payload shift of 
the center of a ring will happen towards the loaded half of a 
covering. This shift determined by expressions [1]:

 ∆X
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H H
f=

+
0 0425

1 2
1,  (15)

Thus the knot of stabilizing guys will be displaced to the 
opposite side. The tension of guys is made for ensuring stabi-
lization of a covering from a condition of their loading taking 
into account shift of the central point.

Horizontal movement of bearing and stabilizing guys 1x∆  
and 2x∆  in the middle of flight at a loading of a half of flight 
is determined by expressions
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respectively for the systems untied and connected in the center.
If under the influence of loading, the basic ring was, dis-

place and flight D decreased by size ∆D, the additional deflec-
tion caused by it is ∆f determine by expression
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where K = 0 06944,  – repulse coefficient for evenly distrib-
uted loading. Efforts in belts of guys decrease on
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– thread length, D l=  – flight.
Kind of work of trailing coverings depends on character 

and the size of loadings, which cause in guys both axial and 
flexural tension. Thus the size of destroying efforts in the guys 
testing flexural tension can be much lower in comparison with 
the guys testing axial tension and on which it is necessary to 
pay special attention at design.

Results of the conducted researches used when modeling 
the two-zone previously strained trailing coverings by flight of 
120 m and its fragments intended for application in wide-span 
unique public buildings of different function. These data are 
provided in (tab. 1 and 2).

Table 1. – Characteristics of the studied models two‑zone Preliminary and intense round trailing coverings

a. Designs of guys Coefficients similarity
1 2

1. Geometrical similarity of αm = DН/DМ = 100
2. Power similarity of αR= RН/RМ = 3
3. Elastic similarity of αЕ= EН/EМ= 3.26

b. External ring

4. Geometrical similarity of αma = AН/АМ = 188
αmJ = JН/JМ = 437
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1 2 3
5. Power similarity αR = RН/RМ=1.23

6. Elastic similarity αЕ = ЕН/ЕМ = 1.05
в. century. Internal ring 1. bottom belt

7. Geometrical similarity of
αma = AН/АМ = 144

αmJ =JН/JМ = 882

8. Power similarity of αR = RН/RМ=0.97

9. Elastic similarity αЕ = ЕН/ЕМ = 1.05
2. top belt

10. Geometrical similarity of αma =AН/АМ = 108
11. Power similarity of αR = RН/RМ = 0.97
12. Elastic similarity αЕ = ЕН/ЕМ = 1.05

Table 2. – Mechanical and deformativny characteristics of samples and 
fragments of designs of models of trailing designs

№ Studied designs, samples Look
Tests Size, mm

Рu, kN
σu,MPa εe,%

1. Samples of guys Stretching 295 1.76/560 0.978
2. Samples of guys т.о Stretching 295 1. 63/520 6.39
3. Samples of guys Bend 295 0.833/265 0.88
4. Samples of guys т.о Bend 295 0.96/305 3.29
5. External basic ring Stretching 25ґ 8.8/440 18
6. Central basic ring Stretching 20ґ 7.09/483 17

7. Model fragment (farms two-zone) the Distributed loading of R = 600 mm
r = 300 mm 1.37/218 0.42

2.5

8. Model fragment (farms two-zone, 
guys т.о) the Distributed loading of R = 600 mm

r = 300 mm 2.32/369 0.84
4.9

9. Model fragment (farms two-zone) the Concentrated loadings of 
the central ring of

R = 600 mm
r = 300 mm 1.08/172 0.42

2.5

10. Fragment of model of a (farm two-
zone, guys т.о)

the Concentrated loadings of 
the central ring of

R =600 mm
r = 300 mm 1.37/218 0.84

5.2
Note: m. о. – The thermal processed

Conclusions. Results of the carried-out tests of samples 
of guys showed that at stretching the explosive effort of ther-
mally processed (annealed) steel is lower, and deformation 
characteristics it is more, than at thermally raw samples of 
guys. At a bend for thermally processed samples of guys de-

stroying efforts and deformations were more in comparison 
with thermally raw samples. For the tested models of the guy 
farms made of thermally processed guys, destroying efforts 
and deformations also were more in comparison with models 
of the farms made of thermally raw samples.
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AYDAR-ARNASAY LAKE SYSTEM: ECOLOGICAL SAFETY AND 
ITS PROBLEMS OF SUSTAINABLE DEVELOPMENT

Abstract: Environmental safety is one of the most important and urgent problems of the present and future of 
our society. The concept of sustainable development arises from the assessment of adverse effects in the geographic 
envelopes and understanding of global environmental problems. By the decree of the Cabinet of Ministers was 
established the National Commission on Sustainable Development of Uzbekistan Republic from November 12, 
1997. (By the decree of the Cabinet of Ministers of November 12, 1997 the National Commission on Sustainable 
Development of the Republic of Uzbekistan was established.) The main goal of the concept of sustainable develop-
ment in Uzbekistan is to strengthen the demographic system, solve economic and social issues, improve and restore 
the natural geographical environment, scientific substantiation of environmental education. In this article discusses 
the issues of environmental safety and sustainable development by the example of the Aydar-Arnasay lake system. 
It is important to study the irrigated and anthropogenic lakes of our arid climate, as well as to ensure environmental 
safety during the disastrous fate of the Aral Sea, unfolding before our eyes.

Keywords: irrigation lake, ecological risk, salty dust, soil salinity, wastewater, water levels.
1. Introduction
One of the most important problems facing the world 

community is to ensure the safety of humanity on a global 
scale, as well as to ensure and strengthen sustainable develop-
ment of environmental safety as one of the key components 
of this process. Naturally, environmental security is one of the 
global problems of our time. However, comprehensive study, 
research and analysis of ecologically hazardous (dangerous) 
geographical areas at the local, regional and territorial levels 
are among the most pressing problems facing all researchers. 
Environmental safety and sustainable development in Uz-
bekistan have been studied by many domestic scientists. In 
particular, the issues of ecological safety of landscape of lakes 
Aydar-Arnasay system are raised in their works by Alibekov 
L. (2011, 2016) [1, 2], Matchanov M. (2009) [3], Starodubt-
sev V. M., Petrenko R. (2007) [4]. In the scientific studies of 
scientists-geography Abbasov S. (2007) [4] and Kulmatov 
R. (2013) [6] examined the ecological situation and the se-
curity of this region. Indications of lake water quality and the 
impact on the environment of the hydrochemical regime are 
described by Chimbarisov E. et. al. (2016) [7], and the in-
fluence of the lake on dynamic change in the landscape by 
Gudalov M. (2011) [8]. Also, the study of the issues of the 
Aydar-Arnasay lake system can be found in the works of other 
scientists-hydrologists, ecologists and geographers. In general, 
the issues of environmental protection and sustainable devel-
opment of its environmental safety have not been thoroughly 

studied in the Aydar-Arnasay lake system. And these issues 
continue to remain one of the urgent problems of today and 
the near future.

2. Data and methodology
To address environmental issues in the Aydar-Arnasay 

Lake System, historical, comparative and statistical meth-
ods were used. The statistical data on the management of the 
Syrdarya and Zarafshan irrigation systems as of January 1, 
2017 were studied and analyzed.

3. Study area
In order to improve the ecological safety of the lake sys-

tem, Aydar Arnasay, taking into account the sad experience 
gained on the example of the tragic fate of the Aral Sea in the 
prevention of environmental safety, the following tasks were 
identified:

1. Determination of the positive and negative effects of 
the influence of the lake on the adjacent landscapes.

2. Statistical analysis of the degree of soil salinity and ris-
ing water level in the lake area.

3. Drawing up proposals and recommendations for im-
proving the ecological safety of the lake zone in the future.

4. Results and discussion
Today, environmental security has emerged from the level 

of national and regional problems and is becoming a com-
mon problem at the global level for all of humanity. Nature 
and society interact with each other on the basis of regulari-
ties. Violation of these patterns creates the above-mentioned 
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all-human problems. This can be illustrated by the tragic fate 
of the Aral Sea, a catastrophe that occurred because of the 
disparity between nature and society. Now it has come out 
of a number of regional problems and has risen to the world 
level. In the recent past, the water level in the Aral Sea was 53 
m above sea level, and its area was 66,085 km2 with a water 
volume 1 062 km3 and salinity 10 g/l. Since 1960, due to the 
rapid development of irrigation in Central Asia, the volume 
of water discharges into it has decreased from year to year, 
and sometimes even stopped (1983–1989) [2]. As a result, 
the largest lake in the Central Asia – the Aral Sea, has turned 
into a salt desert. Today dusty rocks, raised by tons from the 
dried bottom of the lake, cause serious damage to the popu-
lation and agriculture of the Aral Sea region. At present, the 
Aral catastrophe covers a number of interrelated problems, 
and saline aerosols, rising from the bottom of the former lake, 
complicate this situation and increasingly impede the search 
for solutions to existing problems. Here it would be appropri-
ate to recall the words of the first President of the Republic 
of Uzbekistan, I. A. Karimov [11]. He wrote in his book of 
«Uzbekistan on the threshold of the twenty-first century: 
threats to security, conditions of stability and guarantees for 
progress»: «It was possible to resolve the situation with the 
Aral Sea in the early 1970s, at the latest – in the beginning of 
1980s, when sea level has not yet managed to decrease too 
much. At present, it is very difficult to undertake anything and 
later this process will become even more complicated or com-
pletely uncontrollable». With these words, the opinion was 
expressed regarding environmental safety and the problems 
of its sustainable development. Since the 1960s, the waters 
of the Amu Darya and Syr Darya rivers flowing into the Aral 
Sea have been mercilessly used to develop new lands. Drain-
age of abundant irrigation water has led to the appearance of 

a large number of anthropogenic artificial lakes in the arid 
climate of our country. In our country the number of such 
artificial lakes is 125 with areas up to 1 km2. Examples are the 
artificial lakes with a water volume of about 40 km3 or more, 
the Aydar-Arnasai lake system (Tuzkan, Arnasay, Aydarkul), 
Sarikamish, Dengizkul, Korakir, Oyokogitma, Ayozkala, Oy-
bugir and other irrigation lakes [2]. The largest lake among 
them is the Aydar-Arnasay lake system. Today, comprehensive 
research and study of such lakes with an area of 4000 km2 will 
help ensure sustainable environmental safety, avoid duplica-
tion of the Aral Sea’s fate and prevent problems similar to the 
Aral Sea ecosystems (salt aerosols) [4].

Looking at the history of the Aydar-Arnasay lake system, 
at the first stage of Mirzachul development, in the Aydarkul 
area, where the lakes appeared there were layers of salt 20–30 
cm thick. Later, when Mirzachul began to actively develop, 
lakes appeared on these saline places as a result of direction 
of the drainage waters of irrigation canals. The volume of the 
lake was mainly increased due to precipitation in 1969 due to 
the water discharged from the Chardara reservoir, and from 
that time the water volume was 21 km3. In 1969, as a result 
of water discharge of 20 km3 from the Chardara reservoir, the 
water level in the Tuzkan lake (in antiquity provided the popu-
lation with salt) increased by 10 meters, and the level of Lake 
Aydarkul by 22 meters, while the total area of the lake system 
was 2 172 km2 [3]. As can be seen from the information, the 
lake at the same time occupied the most of the salt sediments 
of the Aydar region. This is the environmental risk associated 
with unstable increase in water levels. Worst of all, the lake 
absorbs a large sandy desert – Kizilkum and now, when it is 
drained, there is a danger of raising salt dust. This means that 
increasing or decreasing the amount of water in the lake can 
lead to major environmental hazards.

Table 1. – Assessment of the environmental impact of the Aydar‑Arnasay lake system

Positive sides Negative sides
1. Increased biodiversity of the lake;
2. Increase in the populations of rare species 

of plants, birds, fish and animals on the lake;
3. High potential of ecotourism;
4. Development of fisheries;
5. Development of recreational and tourism 

opportunities;
6. Use of water transport.

1. Flooding of pastures, irrigated lands, motorways and houses as a 
result of the increase in water level;

2. Increase in population migration;
3. Saturation of lakes with drainage waters and increase in the level 

of mineralization;
4. High risk of population decline in some species of fish, plants, ani-

mals;
5. Risk of raising the level of groundwater;
6. Soil salinity and decline in agricultural productivity;
7. The capture of sandy deserts due to the increase in the surface of 

water (the danger of salt dust);
8. Increase in precipitation in coastal areas.

Of course, there are positive aspects of the lake appearance 
in the desert. We will analyze them in (Table 1). But it must 

be emphasized that there were more negative sides [9]. One 
of them is an increase in the salinity of water. It was reported 
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that 10.2 million tons of salt from the collector-drainage sys-
tems and 1.9 million tons of salt from the Chardara reservoir 
to date have been discharged (the average mineralization of 
the Syrdarya is 0.9–1.0 g/l) [10]. Moreover, if the water level 
of the Tuzkan Lake falls, the mineralization will increase, that 
will greatly damage to the lake’s ecosystem.

Salt dust raised from the bottom of the lake will also in-
crease the ecological hazard and may affect coastal regions 
of the lake, such as Jizzakh, Navoi, Samarkand, Tashkent and 
some others. We already see and feel the pain because of the 
ecological disaster of the Aral Sea.

In the Farish district of the Djizak region, in order to sta-
bilize environmental safety and prevent a similar situation in 
the future, the Farish State Irrigated Forestry has been estab-
lished on an area of   more than 2,600 hectares. According to 
the forestry data, between 2008 and 2015, 300 hectares of 
irrigated forests were planted in the southern part of the lakes, 
and in 2016–2017 these indicators increased by another 100 
hectares and reached 400 hectares. Currently there are 1,100 

hectares of irrigated forests near the lake. However, in some 
years drought and low rainfall prevent the growth of irrigated 
forests. But, in spite of this, the expansion of the intensive 
wooded environment will help stabilize environmental safety 
and prevent the raising of salt dust.

Another problem is that the water surface in the lake is 
increasing. Along with the increase in the water surface of 
the lake, there is a strong transformation of the landscape in 
the area surrounding the lake system. These strong changes 
can be observed in the agro-irrigation landscapes around the 
lake. The greatest danger lies in raising the level of subsurface 
waters and increasing the salinity of the soil layer. According 
to the data obtained from the management of the Syrdarya 
and Zarafshan irrigation systems, as of January 1, 2017, 4 145 
hectares of total irrigated land around the lake were highly 
saline. From that, 2470 hectares or 60% of the irrigated land 
corresponds to for the two districts, Arnasay (1290 hectares, 
31%) and Dustlik (1180 hectares, 29%). This status can be 
explained by the proximity of regions to the lake.

Figure 1. Indicators of highly saline irrigated land in the vicinity of the Aydar‑Arnasay Lakes System

Besides that, as of April 1, 2017, the level of groundwater 
in the territory of irrigated land on the area of 39 592 hectares 
rose by 0–1.0 meters, and the level of groundwater in the area 
of 142 922 hectares of irrigated land rose by 1.0–3.0 meters. 
This indicates that the salinity of the soil and the increase in 
the level of underground groundwater will lead to irrational 
use of irrigated land and the expansion of wetlands.

5. Conclusion:
In conclusion, we can say that it is necessary to solve the 

issues of ensuring environmental safety and stability in our 
country, and, first of all, rational use of existing water resources 

in our territory. In addition, it would be advisable to take the 
following measures in order to prevent environmental threats 
regarding the object of our research – the Aydar-Arnasay lake 
system:

• proper use of irrigation systems;
• reconstruction of drainage-collector systems;
• monitoring of water discharge from the Chardara 

reservoir;
• achieving a stable water surface area;
• transformation of the zone up to 3 km around the 

lake into irrigated forests.
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Abstract: Process of interaction of the driven wheel by soil taking into account of the friction force is considered 
in the course of work. Generalized design schemes are drawn up and analytical formulas in effort to justify the wheels’ 
parameters of the preseeding soil tillage assembly. The results are shown in the form of graphics and appropriate 
conclusions are made.
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Introduction
In order to implement any technological process an 

energy(power) source, technical means and materials are 
required.

In agriculture, source of energy is the following: tractor, 
technical means of agricultural machinery and materials are 
mainly soil either agricultural crops.

In most cases, tractors and agricultural machinery moves 
throughout the material being processed i. e. throughout the 
soil. At the same time, a significant share of energy(power) is 
consumed on rolling over the assembly all over the field area.

In the course of rolling the assembly, the energy goes main-
ly for soil deformation under the action of machine wheels. 
Therefore, in effort to analyze the issue on energy(power) 
consumption in rolling, it is sufficient to study phenomena 
occurring in the soil when rolling the agricultural machine’s 
wheels throughout it [1].

As you know, two types of wheels exist: leading and driv-
en. In its way the driven wheels are divided into free and run-
ning types. In this work the free type of wheels are considered. 
Chassis differ from the loose wheels in that they are associ-
ated with any of mechanisms of the machine and part of the 
reactive torque occurring in the wheel, is transmitted to the 
machine mechanism (e. g. to the seeding unit of seeder)[1].

Thus, the energy consumed on rolling the agricultural 
machine or assembly, is mainly used for overcoming the re-
active torque moment resulting from the deformation of soil 
at free wheel.

Main part
Theory of rolling the driven wheels has been considerably 

developed in the writings of such academicians: V. P. Gory-
achkin [1] V. A. Zhelikovskiy [2] and continued specifying in 
works of M. G. Becker [3], V. V. Guskov [4] and had been 
developed in researches of other scholars[5, 6, 7, 8, 9, 10]. 

However, in these works in effort to study the issue on wheel 
rolling the essential assumptions in the description of rolling 
of driven wheels on the deformable basis are applied. Often 
the rolling of a wheel is described by the rolling coefficient ∝
, which usually represents the value of displacement of the 
vertical reaction of base to the wheel [8, 9, 10]. Value of this 
coefficient is determined from experience and the value of this 
variable allows to calculate the wheel motion to certain extent. 
Another characteristic used to estimate wheel rolling is the 
resistance coefficient C to rolling, which is the ratio of thrust 
force P (enclosed to the wheel center) required to roll over the 
wheel to vertical load onto the wheel Q.

 С
Р
Q

=  (1)

Relation between values ∝and C as known is determined 
by the following dependency:

 µ = ⋅С r  (2)
where r  – wheel radius.

By substituting in equation (2) the value C from equation 
(1) the equality of torques of the driving forces P and the load 
Q influencing on the wheel can be obtained:

µ = ⋅
Р
Q

r

Mentioned above dependencies, although allow you to 
calculate the wheel motion, but do not reveal the essence of 
wheel interaction with the soil in performance of any tech-
nological process.

When considering the interaction of wheel with soil, 
academician V. P. Goryachkin proposed a formula that deter-
mines the force onto rolling wheels in the form of:

 Р
Q

kBD
= 0 863

4

2,  (3)

where B – width of wheel, m;
D – wheel diameter, m;
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k – is the volumetric coefficient of soil erosion (N/sm3) 
depending on the soil condition caused by humidity, soil com-
position and other factors.

Thus, the formula (3) allows to determine influence of k 
onto wheel traction resistance in case if data is Q, and D.

In the course of implementing analysis of the running gear 
of assembly in operation, along with in the course of imple-
menting activities by using the formula (3), we performed 
a theoretical research of rolling resistance of wheel with its 
equal rolling throughout the field.

Unlike the works [4, 5] devoted to this issue, we adopted 
the calculation scheme (Fig.1), which took into account not 
only the normal movement, but also friction forces acting 
onto the wheel rim from the soil.

These forces are taken into account in the scheme (Fig. 1) 
by vectors dF and T. In accordance with design scheme, let’s 
consider the infinitesimal little element of surface of the wheel 
rim bounded by angle d and wheel width B. It is obviously, 
that normal pressure dN and the friction force dF will influ-
ence onto this element.

Figure 1. Designed scheme of interaction of the wheel with soil

Figure 2. Forces influencing onto wheel

The friction force dF is caused by fact that if the instanta-
neous center of velocity is at the Pv point and directed against 
the rotation of the wheel (Fig. 2).

The variable of friction force dF is determined depending 
on depth of the track h, as points of wheel rim may slip or not 
slip relative to the soil. Gauge depth of track is determined as 
in the following way:

 h
Df

f
≤

+1 2  (4)

where D – is the wheel diameter; f – is the coefficient of sliding 
the wheel rim throughout the soil.

In this case, the friction force is determined by below for-
mula:

 dF dN tg/= ⋅ α  (5)



JUSTIFICATION OF PARAMETERS OF THE RUNNING WHEELS OF THE PRESEEDING SOIL TILLAGE ASSEMBLY

283

where α  is angle between dN and equally acting dr that de-
termines dF friction force.

For rim points allocated higher than the h value, the fric-
tion force determined by the formula (4) is equal to:

 dF dN tg dN= ⋅ = ⋅β f  (6)
where β  is the friction angle of wheel rim throughout soil.

In effort to determine depth of h track depending on load 
onto wheel Q. Let’s design the forces enclosed to wheel on the 
y axis after we got

 y Q dN dF= + ⋅ + ⋅∫∑ ( cos sin
max

θ θ
0

 (7)

where dF q= ⋅ds , in which q is specific normal pressure of the 
soil on wheel at A point, at N/ sm3; ds is the infinitesimal little 
element of the wheel rim surface at A point.

ds rb=θ .
When we make variation in the specific pressure q on 

wheel rim can be obtained base on the cosine law, i. e., in the 
event if at Рv point of the wheel (Fig. 1) influence the maxi-
mum specific pressure qmax, then at A point it is determined 
by equation

 q q q= ⋅ − ≈ ⋅max maxcos( ) cosθ θ θ0  (8)
In its turn, qmax value depends on gauge depth h of track 

that is, also depends on θ  angle.
This dependence is determined by the equation:
 q kr krmax max max(cos cos ) ( cos )= − ≈ ⋅ −θ θ θ0 1  (9)
Equation (8) is derived from the condition of linear de-

pendence of the soil resistance against crumbling from h track 
depth, that is q k hmax = ⋅ [8]. Considering equation (8) and 
(9), the elementary normal pressure dN is determined by the 
equation:

 dN kB r d= ⋅ − −2 1( cos )cosmaxθ θ θ  (10)
By substituting dN and dF value from equations (5), (10) 

into formula (7) we will obtain

Q kBr d= − ⋅ ⋅∫2

0

1( cos ) cosmax

max

θ θ θ

After integration activity of setting the limits of integra-
tion, we will obtain

 Q k B r= ⋅ ⋅ − ⋅2 1( cos ) sinmax maxθ θ  (11)
By replacing θ angle through h depth of track gauge, we 

will obtain
 Q k B h rh h= ⋅ ⋅ ⋅ −2 2  (12)
Equation (12) determines h gauge depth of track, de-

pending on the condition of soil characterized by k, in the 
event if data is Q, r and B.

Materials and results of the research
Let’s consider the equation of torque moments of all 

forces influencing at the wheel relatively to the wheel cen-
ter. Let’s set that the wheel rim in addition to dF forces that 
equate the torque moment of dF forces should influence. 
This is the t coupling force.

Moment of the clutch force t is equal to moment of dF 
friction forces relative to the wheel center, from where it fol-
lows the below formula:

T dF dN tg= = ⋅∫∫
θθθ

200

maxmax

When we substitute dN value from the equation (10) and 
replace tg θ

2
 into (соsθ )/sinθ , we obtain

T dN tg k B r tg d= ⋅ = ⋅ ⋅ − ⋅ ⋅ ⋅ =∫ ∫
θ

θ θ
θ

θ
θ θ

2
1

20

2

0

max max

( cos ) cosmax

= − +
+

= ⋅ ⋅ ⋅ +
−

k Br h l k B r h
h
r

l
r h

rn n( cos
cos

) ( )max1
1

2
2

2
θ

θ (13)

In effort to determine the traction resistance of P wheel, 
we will design the forces enclosed to the wheel on X-axis, then 
we obtain:

 X P T dN dF= − − ⋅ − ⋅∫∑ ( sin cos )
max

θ θ
θ

0

 (14)

By substituting the value dN, dF and T from equations 
(5), (10) and (13), after integration and substitution of inte-
gration limits from zero to qmax, we obtain the following

 P kBr kBh= ⋅ − =2 2 22 1 2( cos )maxθ  (15)
On the (fig. 3) svariations in the values of P traction resis-

tance are shown, that are determined base on (15) equation 
with (12) equation

1 – in case when wheel diameter  – D = 0.45 m; 2 – in case 
when wheel diameter  – D = 0.75 m
Figure 3. Dependency of traction resistance of the as‑

sembly from the wheel diameter and k coefficient

From above graphics it can be seen that the traction resis-
tance increases significantly by decreasing in the resistance of 
soil to crumbling and the wheel diameter.

In comparing these graphics there can be shown in case 
if the running wheels of the assembly are replaced into the 
wheels with increased diameter possibly to reduce signifi-
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cantly the traction resistance of wheels and to improve signifi-
cantly the aggregation of the agricultural machines.

Summary
1. The formula for determining the traction resistance of 

the assembly is obtained taking into account of friction force 
of the soil and the wheel diameter.

2. Traction resistance significantly increases by decreasing 
in the soil resistance to crumbling and the wheel diameter. De-
creasing in the traction resistance of wheels, and substantially 
improve the aggregation the agricultural machines are imple-
mented by practicing the running wheels of the increased 
diameter.
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MODEL OF THE GROWING CARP FISHPOND ECOSYSTEM

Abstract: The article presents the technology of conceptual modeling of the growing carp fishpond ecosystem of 
the warm-water farm. The block diagram of the conceptual model, which is a modification of the known conceptual 
models of fishpond ecosystems, includes four species of carp fish family – carp, grass carp, white and variegated silver 
carp. The model takes into account six control functions that characterize the introduction of artificial feed and min-
eral fertilizers into the ecosystem of the pond. It is assumed that the appropriate mathematical model will take into 
account the influence of climatic factors – water temperature and solar radiation intensity. A distinctive feature of this 
conceptual model from other models, first of all, is that it is the first time as a special object of study is a variegated 
silver carp. The ultimate goal of this conceptual study is to identify patterns of functioning of the ecosystem of the 
carp fishpond, with the ability to manage its biological processes that will be used to increase its fish production. It is 
concluded that the developed block diagram of the conceptual model, reflecting the main processes of transforma-
tion of matter in the carp fishpond, can meet the conditions of a highly productive ecosystem only if the biological 
processes of all parts of the biotic chain will proceed at a highly productive level.

Keywords: conceptual model, ecosystem, fishpond, carp family, warm-water farm, population, fish, carp, grass 
carp, white silver carp, variegated silver carp, benthos, macrophyte, phytoplankton, zooplankton, nitrogen, phospho-
rus, carbon, detritus.

Introduction
The management of the cyprinid fish pond ecosystem 

and its maintenance at a highly productive level is achieved 
by adding organic and mineral fertilizers to the pond, as well 
as additional feed and feed plants for feeding fish. Unordered 
application of organic-mineral fertilizers and added feeds ad-
versely affects the entire ecosystem and, ultimately, fish prod-
ucts of the pond [1, 3, 7, 8].

Main part
All the above arguments about the biological foundations 

of conceptual modeling of the highly productive cyprinid fish 
pond ecosystem are taken into account in the block diagram 
of the model illustrated in Figure 1. This model is based on 
conceptual models close to the approach and modeling meth-
odology developed for the ecosystems of fish ponds and res-
ervoirs in Tajikistan [1–14].

It can be clearly seen from Figure 1 that although the 
block diagram of the conceptual model under study does not 
contain a complex structure, it nevertheless includes all the 
necessary components with which the functioning of the carp 

fish pond ecosystem is related. Here, as well as with the well-
known block diagrams [1, 3, 7, 8, 13, 14], the corresponding 
role of the activity of bacteria is assigned and the detritus func-
tion is thereby differentiated.

In the block diagram of our conceptual model (Figure In 
the block diagram of the model, six control functions are also 
taken into account, characterizing the introduction of artificial 
feed and mineral fertilizers into the pond ecosystem, with the 
following notation: φCO(t) – mixed fodder, φCU(t) – silkworm 
pupae – additional food for carp (CR), φRS(t) – fodder plants – 
supplementary feed for white cupid (BA), φKR(t) – feed for 
factory preparation – additional food for variegated (PT), 
φSU(t) – superphosphate, φSE(t) – ammonium nitrate – addi-
tional nutrients for phytoplankton (FT), followed by trans-
formation into the food of the silver carp (BT).

It is assumed that the mathematical model of the pond 
ecosystem will also take into account the influence of climatic 
factors – water temperature and solar radiation intensity.

A distinctive feature of this conceptual model from 
other such models is, first of all, that for the first time in the 
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history of modeling the Central Asian ecosystems of carp fishponds, a thick carob (PT), the favorite food of which is 
zooplankton (ZO), is a special object of research.

Figure 1. Conceptual model of the cyprinid pond ecosystem

The ultimate goal of this modified conceptual study is 
to identify the regularities of the functioning of the cyprinid 
fish pond ecosystem, with the ability to manage its biological 
processes that will be used to improve its fish productivity. To 
achieve this goal, in addition to studying the processes associ-
ated with the fish population, it is also necessary to study the 
life cycles of submerged and semi-submerged macrophytes, 
to develop a method for taking into account the processes 
associated with these cycles, to study the patterns of interac-
tion between the water column and sediments of the carp fish 
pond ecosystem, and so on.

Leaving the notation for the components of this model 
are the same as in the FS model. Komilova, I.L. [5–8], the 
variable models were chosen based on the fodder base of 
fish and taking into account the material circulation in the 
cyprinid fish pond ecosystem: “MT – semisubmerged macro-
phytes, MR – submerged macrophytes, FT – phytoplankton, 
ZO – zooplankton, BK – bacteria and BN – benthos. Limit-
ing biogenic elements of growth and development of phy-
toplankton and macrophytes in the ecosystem are PW and 

PS – total inorganic phosphorus in water and sediments, NW 
and NS – total inorganic nitrogen in water and in sediments, 
respectively. Since, as a rule, in the ecosystems of fish ponds, 
carbon does not limit the production process, but at the same 
time is the main component of biomass, then introducing CW 
and CS – total inorganic carbon in water and sediment, fu-
ture mathematical model. Cycles of nutrient elements, and 
in general the circulation of substances in the ecosystem of 
the fish pond, is closed through the dead organic matter, i. e. 
detritus (DW - detritus in water, DS – detritus in sediments), 
which decomposes again to biogenic elements under the ac-
tion of bacteria and, moreover, is among the forced diet of 
carnivores” [7].

Thus, obtaining 16 phase variables (CR, BA, BT, PT, MT, 
MR, FT, ZO, BK, BN, PW, PS, NW, NS, DW, DS) in the modi-
fied conceptual model of the ecosystem of the growing carp 
fish pond all three main trophic levels are taken into account: 
biogenic elements, producers and consumers.

The developed block diagram of the conceptual model 
reflecting the main processes of substance transformation in 



MODEL OF THE GROWING CARP FISHPOND ECOSYSTEM

287

the carp fish pond can meet the conditions of a highly produc-
tive ecosystem only if the biological processes of all links of the 
biotic chain will proceed at a highly productive level.

Summarizing the above considerations, it can be conclud-
ed that acquiring new theoretical knowledge in the conceptual 
modeling of fish pond ecosystems, generalizing and system-

atizing accumulated ideas about the mechanisms of their func-
tioning, and also experimentally discovering new mechanisms 
in their functioning led to the need to build new, increasingly 
perfect ecosystem models fishpond ponds. In this particular 
case, when developing the conceptual model of the ecosystem 
of the growing carp fish pond of the warm water economy.
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STUDY OF THE PROCESS OF CREST FORMATION BY THE RIDGES-
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Abstract: The article presents the results of theoretical studies of the formation of ridges by working bodies in 
the form of serial disks.
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In the combined aggregate for minimum soil cultiva-
tion [1,2] spherical disks are used as ridges and each crest is 
formed by two oppositely mounted discs.

The particles of soil interacting with the discs after passing 
from them pass to a free flight with the initial velocity VA and af-
ter a while, falling on the surface of the soil, form a crest (Fig. 1).

Figure 1. Scheme formation crest with spherical discs

Based on the known rules of theoretical mechanics [3], 
we write

 V V V VA x y= + +2 2
z
2 , (1)

where Vх, Vy and Vz – projections of the initial particle velocity 
VA on the coordinate axis X, Y and Z.

From the scheme given in (Fig. 2)
V V V

V

X n r
T

T T T

e
T

T

= − −( ) −
−

cos sin cos sin sin

cos cos

φ α β φ β

α β
; (2)

 
V V

V

y r
T

T T T

e
T

T

= +( ) +
+

sin cos cos sin sin

cos sin

φ β φ α β

α β
; (3)

 V V Vz e
T

T r
T

T T= −sin cos cosα φ α , (4)
where Vn  – forward speed of the disk (unit), m/s;

Vr
T  – the relative velocity of the particle at the moment of 

leaving the disk, m/s;
Ve

T  – portable velocity of the particle at the moment of 

leaving the disk, m/s;
β – angle of installation of the disc relative to the direction 

of motion, degree;
φТ – central angle of the disk, degree;
αT  – the angle of rotation of the disk with respect to the 

vertical axis at the moment of the particle’s descent from its 
working surface, degree.

Based on earlier studies [4]
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Figure 2. Scheme for determining the velocity components VA along the X, Y, and Z coordinate axes
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R
=  (8)

where R – disk sphere radius, m;
Rд – radius of the disc, m.
Taking into account expressions (5–8), expressions (2) – 

(4) have the following form
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and
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In accordance with the scheme shown in Fig. 1, that the 
particles coming from the disks form a qualitative comb, the 
following condition must be satisfied

 y
B Dд T=
−2

2
sin sinβ α , (12)

where у – is the distance in the transverse direction of the soil 
particles descending from the disks, m;

В – transverse distance between ridges, м;
Dд – diameter of the disc, m.
When the condition (12) is fulfilled, the particles of soil 

that come down from the discs fall into the middle of the dis-
tance between them and the crest is formed due to soil shed-
ding at the angle of the natural slope. As a result, a stable and 
high-height ridge is formed.

Constructing and solving the equations of motion of 
particles coming off the disks in a plane perpendicular to the 
direction of motion, we obtain

 У V
V V Hg

gy
Z Z=
+ +2 2

2
,  (13)

where Н – height of the particle, coming down from the disk, 
with respect to the field surface, m.

Taking into account the scheme in (Fig. 2), we obtain
 H R hд T= −( ) −1 cosα . (14)

Taking this into account, expression (13) has the follow-
ing form

 У V
V V R h g

gy

Z Z д T
=

+ + −( ) − 
2 2 1 cosα

. (15)

Taking into account expressions (10) and (11), from the 
analysis of expression (15) it follows that, that the distance 
of the particles of soil, coming down from the disk, and the 
fulfillment of condition (12) depends on the diameter of the 
disk, the radius of curvature and the angle of its installation 
with respect to the direction of motion and the speed of move-
ment of the unit. The qualitative formation of the ridge at a 
given speed and the parameters of the discs is achieved by 
changing the angle of installation of the discs relative to the 
direction of motion.

References:

1. Khudoyorov A. N., Mamadaliev M. Kh., Mirzaev H. A. Combined aggregate for minimum tillage // Scientific and technical 
journal of the Ferghana Polytechnic Institute. – Ferghana, – 2006. – No. 4. – P. 59–61.

2. Boymetov R. I., Tukhtakuzyev A., Khudoyorov A. N., Mamadaliev M. H., Egamberdiev A. U. The technology of minimal 
tillage and a combined unit for its implementation // Scientific foundations for the development of cotton-growing and 
grain-growing farming: A collection of materials of the International Scientific and Practical Conference. – Tashkent, – 
2006. – P. 169–170.

3. Ermakov B. E., Asriyants A. A., Borissevich V. B., Koltsov V. I. Theoretical mechanics. – Moscow, Rotaprint MADI (GTU), – 
2007. – 345 p.

4. Tukhtakuzyev  A., Khudyorov A. N. Theory of motion of soil particles along the working surface of a spherical disk 
// Agroilm. – Tashkent, – 2007. – No. 4. – P. 35–38.



CRITICAL STRAINS AND CRITICAL STRESSES IN THE STEEL ROD BEYOND THE ELASTIC LIMIT

291

Ismayilov Kubaymurad,
DC’s, professor,

Samarkand Architecture and Construction Institute
E-mail: sandoil@inbox.ru

CRITICAL STRAINS AND CRITICAL STRESSES IN THE 
STEEL ROD BEYOND THE ELASTIC LIMIT

Abstract: The article deals with the problems of critical deformation and critical stress in a steel rod beyond the 
elastic limit. The analysis of the tension and compression diagram of a steel sample is carried out.
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When considering the issue, we will assume that the 

stretching and compression diagrams coincide up to the time 
resistance.

In (Fig. 1a), an approximate stretching diagram of a steel 
sample is shown with a dotted line.

We replace the diagram on the section AB with a linear 
strengthening diagram in the form of an oblique line.

At points A and B of the diagram, the line AB conjugates 
with its lower and upper parts in a abruptly, so that these 
points should be filled with sections of a smooth transition in 
the form of an arc of a circle.

To this purpose, the vertical axis σ  is replaced by the 
dimensionless ϕ σ σ= T  axis (Fig. 1b).
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Figure 1. Diagram of stretching and compression of building steel

Figure 2 shows a circle along the arc of which 1–2 there 
is a smooth transition of the line OA in the position of the 
hardening line AB. Circumference, referred to the coordinate 
system described by the equation

 x y r2 2 2 0+ − = .  (1)
Points 1 and 2, located on a circle, are characterized by the 

angles α1  and α2 , under which the tangents at these points 
are inclined.
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We pass from the coordinate system x, y to the system ε, φ
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Taking into account relation (4), the equation of circle 
(1) goes into equation  

ϕ ϕ ϕ ε ξ ε

ϕ ϕ ε ε
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2
1

2
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2 2

2 2 0

− −( ) + − −( ) +

+ − + − =
T T

T T T T

y x

y x .
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Figure 2. Graph of smooth transition of straight inclined lines

From this equation we obtain the first derivative of φ with 
respect to ε, which gives the slope angles of the tangents on 
the arc 1–2 (Fig. 2).

 
d
d

x

y
T

T

ϕ
ε

ε ε
ϕ ϕ

=
− −( )
− −( )

1

1

.  (6)

Substituting in (6) of formula (4) we have

 
d
d

x
y

dy
dx

ϕ
ε
= − = .  (7)

The value of (2) indicates that the coordinates of point 1, 
lying on arc 1–2, can be taken equal to

 x r y1 1 0= − =; .  (8)
In order to finally construct the arc 1–2, we need to spec-

ify the radius of the circle r (Fig. 2). We assume that 
r T= − =ε 0 001, ,  then equations (5) and (6) are simplified 
and take the form (ϕT =1)

 ϕ ϕ ε ε ξ ε2 2 22 4 3 1 0− + − + + =T T .  (9)

 d
d

x
y

Tϕ
ε

ε ε
ϕ

= −
−
−

= −
2

1
.  (10)

Passing to the vertical axis σ σ ϕ= T  from (10) for the arc 
1–2, we obtain

 d
d

x
y

T
T T

ϕ
ε

ε ε
ϕ

σ σ= −
−
−

= −
2

1
,  (11)

in this case
 x y T

2 2 2+ = ε .  (12)
We find the length of section 1–2, on which the arc 1–2 

is supported (Fig. 2).
x x T T T2 1 0 98925 0 0108− = − + =, , .ε ε ε

The arc height on the base (3) and (8)

y y T2 1 0 1463− = , .ε
Arc 1–2, divided into 5 sections, is shown in (Fig. 3).
The height of the arc of conjugation 1–2, shown in 

(Fig. 3), with respect to the σ ε−  diagram, should be in-
creased by 2100 times and will be equal to kg/cm2, the hori-
zontal scale of Figure 3 does not change.
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Figure 3. Arc of the transition

We construct arcs of conjugation of the oblique line AB 
(Fig. 2) with a horizontal tangent at the point B; this arc 2−B
, located on a circle of radius r T= ε , is shown in Fig.4. It is 
divided into 5 parts.

With linear hardening of the material beyond the elastic 
limit, the formula linking the flexibility of the rod and critical 
strains can be written through critical stresses.
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Figure 4. Arc of the transition

 λ
π
σ

2
2

=
Ek .  (13)

In this case, the stresses σ are related to deformations ε, in 
accordance with (Fig. 1), by the dependence

 σ ε σ ε ε β= = + −( )Φ( ) .T T tg  (14)
Based on the formula (13), the values of the critical de-

formations in the linear strengthening section AB of the com-
pression diagram σ ε−  are determined (Figure 1); In this 
section the tangent modulus is constant and equal to 
Ek = 14201 kg/cm2.

Between the deformation ε = 0 001,  and ε = 0 0011,  there 
is a transition arc along which the flexibility λ varies from 

99.30 (corresponds to the end of the linear-elastic section OA 
Fig.1) to a value of 8.17 (corresponds to the initial point of 
the hardening line spaced from point A at a dis-
tance ε = 0 0011, ).

Between the deformation ε = 0 001,  and ε = 0 170, , a 
transitional arc is laid along which the reinforcement line AB 
is mated to the horizontal tangent at point B.

The values of the flexibilities and the corresponding val-
ues of the critical stresses and deformations along the arc of 
coupling are given in (Tables 1 and 2).

Table 1.

ε σ Ek λ π2 2/ λ
0.00100 2100 2100000 1000 99.35

0.001022 2100.1 31899 15.190 12.24
0.001043 2100.2 22519 10.723 10.29
0.001065 2100.2 18357 8.741 9.29
0.001086 2100.3 15871 7.558 8.64
0.01108 2100.3 14201 6.763 8.17

Table 2.

ξ σ Ek λ π2 2/ λ
0.1690 4486 14201 3.166 5.59

0.16920 4489 2719 0.606 2.45
0.16940 4491 1549 0.345 1.85
0.16959 4494 905 0.201 1.41
0.16979 4497 424 0.094 0.97

0.170 4500 0 0 0
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KINEMATIC ANALYSIS OF THE FOUR-LINK LEVER MECHANISM IN 
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Abstract: The paper presents the scheme, the principle of operation, as well as the kinematic analysis of the four-
link hinged planar mechanism, taking into account the limiting values of the deformations of the elastic element of 
the joint hinge between the connecting rod and the rocker. By the kinematics problem, regularities in the movement 
of the rocker mechanism are obtained, graphical dependences of the parameters are constructed, along which the 
necessary values can be selected.
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In modern engineering, flat lever mechanisms are widely 
used, in particular hinged four-link mechanisms [1, 2]. These 
mechanisms allow obtaining the necessary complex laws of 
rocker motion [3]. But, if necessary, these mechanisms do 
not allow the required changes in the laws of motion during 
the movement of the mechanism. Therefore, it is important to 
develop new schemes of four-link hinged mechanisms, which 
allow obtaining the laws of motion of the output link with the 
necessary correction. We have developed a number of variants 
of schemes of lever mechanisms including compound hinges 
with elastic elements that allow the required necessary laws 
of motion of the output links [4, 5].

The developed mechanism is a four-link lever-hinged pla-
nar mechanism, the scheme of which is shown in Fig. 1a. In 
the proposed mechanism, an elastic element is used: in the 
kinematic pair between the connecting rod and the rocker in 
the form of a rubber bushing. In kinematic analysis, the modes 
of motion under the action of forces are not considered. Dur-
ing the operation of the mechanism, the crank 1 rotates the 
movement of the connecting rod 2, and further the rocker 
3. In this case, the joint is made integral, including a rubber 
elastic sleeve. In this case, due to the deformation of the elastic 
element, the lengths of the connecting rod and the rocker arm 
3 change. This leads to a change in the law of motion of the 
rocker arm 3. By choosing the characteristics of the elastic 
element in the hinge between the connecting rod 2 and the 
rocker 3, it is possible to change its motion to a certain extent 
to the desired extent.

We shall study the kinematics of the mechanism according 
to the existing analytical method of vector contours [6, 7, 8]. 
According to the scheme in Fig. 1a and the closed contour of 
the АВСD is divided into two separate contours of the internal 
combustion engine DВС and DАВ.

In this case, the sum of a closed contour of vectors from 
the system equilibrium condition equals zero. For the con-
tours under consideration, we have:

 l l l1 4 0+ − = , l l l2 3 0− − = , (1)
where, l l l− −2 3  – are variables modulo vectors.

From the origin we draw the coordinate axes X and Y. We 
project the vectors on the X and Y axes:

 l l le1 1 4 0cos cosϕ ϕ+ − = l l e1 1 0sin sinϕ ϕ+ = . (2)
From the vector equation (2) we can determine the value

l , and from the first equation the value of the angle ϕe :

l l arctg
l

l le
e= − =

−
−









1

1 1 1

4 1 1

sin
sin

;
sin
cos

ϕ
ϕ

ϕ
ϕ
ϕ

.

Considering the closed contour Δ DВС of the material 
transport mechanism and using the cosine theorem [9], we 
obtain:

 l l l ll e2
2 2

3
2

3 32= + − cos ;ϕ  l l l ll e3
2 2

2
2

2 22= + − cosϕ . (3)
From the obtained equations (3) we have:

 ϕ ϕ ϕ ϕ3 3
2
2 2

3
2
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+e e e
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Figure 1. Scheme of a four‑link planar mechanism with allowance for the limiting 
values of the deformation of the elastic element in the hinge C
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According to the scheme in (Fig. 1 b), the changes in the 
length of the connecting rod and rocker arm due to the defor-
mation of the elastic element in the kinematic pair are taken 
into account by the expressions:

l l l l l l2 2 2 3 3 3max max; ;= + = +∆ ∆ l l l2 2 2min ;= −∆ l l l3 3 3min = −∆ ,(6)
where, Δl2 and Δl3 – are the changes in the quantities l2 and l3.

In this case, the angular values φ2 and φ3 have the follow-
ing limiting values:
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In addition, according to Fig. 1.b can be written:
∆ϕ ϕ ϕ ϕ ϕ2 2 2 2 2= − = −max min ; ∆ϕ ϕ ϕ ϕ ϕ3 3 3 3 3= − = −max min ,
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Numerical solution of the kinematics problem of the mech-
anism of material movement taking into account the change in 
the length of the connecting rod and rocker was performed with 
the following initial values of the parameters l1 = 30·10–3 m; l2 = 
225·10–3 m; l3 = 28·10–3 m; l4 = 21·10–3 m; α = 10;lp = 28·10–3 m; 
Δl2 = (2.0…4.0)·10–3 m; Δl3 = (1,0…2,0)·10–3 m; ω1 = 303,5 s–1.

But, a significant increase Δφ3 leads to undesirable phe-
nomena. Therefore, it is advisable to use additional angular 
oscillations within the established limits. Taking into account 
the technology taking into account the calculated values of the 
parameters of the mechanism, the recommended values of the 
parameters are: l2 = (220…225)·10–3 m; l3 = (23…30)·10–3 m; 
Δl2 = (3.0…4.0)·10–3 m; Δl3 = (0.75…1.2)·10–3 m.

The scheme of a four-link flat hinged mechanism with a 
joint hinge between the connecting rod and the rocker was 
developed. Analytic methods are used to determine the an-
gular displacement of the connecting rod and rocker arm. 
Numerical solution of the problem obtained the laws of the 
movement of links and graphical dependencies parameters on 
which you can choose the necessary value.
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To confirm theoretical assumptions on the mechanism of 
interaction of reinforced elements (armoelements) with back-
fill soil, a complex of experimental studies has been carried 
out on a specially designed device on “pull-out” scheme, 
which most effectively reflects the processes occurring at 
“armoband-soil” contact and is close to the natural conditions 
of reinforced soil structure operation [1]. The design was de-
veloped taking into account the possibility to eliminate the 
shortcomings in existing test methods [2, 3], the main short-
coming being the presence of a fixed face side that does not 
allow reflecting (with sufficient reliability) the actual mecha-
nism of interaction between the reinforced elements and soil. 
Experimental research is devoted to the determination of 
coefficients ϕ  and c  when reinforcing soil with geosynthetic 
material. To carry out the experiments, a special device is cre-
ated, the basis of which is the N. M. Maslov-Lurie device for 
the determination of soil coefficients φ  and c  with corre-
sponding changes in the device.

The device to determine the strength properties of soil in-
teracting with geosynthetic material (Fig. 1) consists of an upper 
loading stamp 1, an upper 2 and a fixed lower 3 rigid rectangular 
holders, 10 × 20 cm in size, the base 5 rigidly attached to the 
main body of the Maslov-Lurie device; a sample of geosynthetic 
material (GM) 6 is fixed in a special frame 8 by half the length 
of the holder with screws 9, the reduction in frictional forces in 
motion is achieved with the balls 11 located in the grooves 13. 
Components of the device are shown in (Fig. 1).

On the surface of soil, a stamp 1 is set and a vertical load Q 
is applied, simulating the weight of soil (road pavement) with 
1 hour exposure before the beginning of experiment.At each 
value of vertical loads Q (not less than three), taken in such 
a way that the range of their changes encompasses the actual 
steps in the road structure (at least 6–8 during the test period), 
a horizontal load Рг is applied with fixation of GM displace-
ments at the points II–IY by the indicator of watch type. To 
measure the displacements along the width of geosynthetic 
material at points II–IY, metal tubes 14 with inner diameter of 
1 mm are laid in the ground, inside the tubes a thin string 15 
is inserted, one end of which is fixed to geosynthetic material, 
the other end to the indicator 16.

In calculations, the average value of indicators at points 
II–IY is taken, which increases the accuracy of the experiment. 
The exposure time at each stage of horizontal load is selected 
from the test before steady displacement occurs at points II–
IY, and the exposure time at each loading stage should be suf-
ficient only to detect the stabilization of displacement.The 
experiment is considered complete, if the displacement at 
point I of the frame with geotextile material. The value of 
horizontal load Рг, corresponding to the end of experiment, is 
taken as the limiting value. The processing is carried out by 
plotting the function ϕ = f(Q), where ϕ = Рг /2F (F is the area 
of the part of the sample fixed in soil) and by determining the 
values of strength characteristics ϕ  and с similar to the defini-
tion of ϕ  and с in the plot of soil shear.
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a) b)

c) d)
Figure 1. List of parts of the device to determine strength indicators: a – upper 

holder; b – frame for GM; c – lower holder; d – loading stamp

 
Figur 2. Sectional drawing of test scheme to determine the parameter of soil – geomaterial interaction;  

1 – stamp; 2 – upper holder; 3 – lower holder; 4 – screw; 5 – adaptation to connect to the base; 6 – sample of 
geosynthetic material; 7 – left fixing attachment; 8 – frame; 9 – attachment screw; 10 – right fixing attachment; 

11 – balls; 12 – frame screws; 13 – groove; 14 – metal tubes; 15 – metal wire; 16 – indicator of watch type

After formulating the goals of research and choosing the 
factors, establishing the repeatability [4] of the experiment, 
we proceed to experimental plan. The choice of the scheme 
for conducting the experiment is determined depending on 
the purpose of the study – construction of a mathematical 
model, number of influencing factors, necessary accuracy in 

determining the coefficients. In experiments it is planned to 
investigate the effect of three factors on slope stability:

moisture content of soil (W), coefficient of compaction 
(Ку), soil type (IР). It is assumed that W varies from 13% to 
21%, Ку – from 0.96 to 1.0, IР – from 1 to 7. Experimental plan 
is presented in (Table 1).
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Table1. – Values of factors

№ experiment Moisture content Wв Coefficient of compaction Ку Soil type IР

1 21 1 7
2 13 1 7
3 21 0.96 7
4 13 0.96 7
5 21 1 1
6 13 1 1
7 21 0.96 1
8 13 0.96 1

O facilitate subsequent calculations, from natural scale 
of independent variables we would transfer to some standard 

(code) scale, denoting W by Х1, Ку –Х2, I–Х3.Proceeding from 
the above, table (Table 2.)

Table 2. – Factors limits

Factor Lower limit Middle limit Upper limit Intervals
W 13 17 21 4
Ку 0.96 0.98 1 0.2
Iр 1 4 7 3

Is built showing the change in the limits of factors and the range of limits variation. So, Table 1 can be written in the form 
of (Table 3).

Table 3. – Matrix of experiment

№ experiment Х1 Х2 Х3

1 + + +
2 – + +
3 + – +
4 – – +
5 + + –
6 – + –
7 + – –
8 – – –

Results of this experimental plan allow us to estimate the 
coefficients of linear equation of regression.

 
y a a x a x a x a x x

a x x a x x a x x

= + + + + +

+ + +
0 1 1 2 2 3 3 1 2 1 2

1 3 1 3 2 3 2 3 1 2 3 1 2

,

, , , , xx3

 (1)

The goal is achieved by determining the coefficients of the 
equation of regression. Values of coefficients are determined, 
from these values the regression equation is derived to define 
strength characteristics of geosynthetic material.

References:

1. Proc. of the International Scientific –Technical Conference “Prospects of Road Transport and Engineering Communication 
Infrastructure” part-1. – Tashkent – 2017. – P. 73–76.

2. Soil–Geosynthetics Interaction: Modeling and Analysis Mercer Lekture, – 2007–2008. Ennio M. Palmeira. University of 
Brasilia, DF, – P. 70910–900.

3. The 12th International Conference of International Association for Computer Methods and Advances in Geomechanics 
(IACMAG) 1–6 October, – 2008. Goa, India Experimental Investigation and Numerical Analysis of Reinforced Geologic 
Media.Hema Siriwardane, Raj Gondle, Bora Kutuk and Ronald Ingram. Department of Civil and Environmental 
Engineering, West Virginia University, Morgantovn, WV USA.

4. Adler Yu.P., Markova E. V., Granovsky Yu. V. Planning of Experiments in Search for Optimal Conditions. – Moscow: Nauka, – 
1976. – P. 141–154.



RESEARCH OF THE WORK OF THE IMPROVED STRUCTURAL DESIGN OF THE DRAFTING SYSTEM ON THE RING SPINNING MACHINE

301

Makhkamova Shoira Fahritdinovna,
senior teacher,

Tashkent Institute of Textile and Light Industry
E-mail: Shoira-0812@mail.ru

RESEARCH OF THE WORK OF THE IMPROVED STRUCTURAL DESIGN 
OF THE DRAFTING SYSTEM ON THE RING SPINNING MACHINE

Abstract: The article presents the research results of setting parameters influence of draft system (rear exhaust 
draft and the load on the roller) to quadratic unevenness of yarn over the cross section, breaking tenacity and qua-
dratic unevenness on breaking force.

Keywords: ring spinning machine, drawing, drafting system, improved drafting system, yarn quality, factorial 
design.

Introduction. Today, Uzbekistan is carrying out large-
scale work aimed at developing an important strategic in-
dustry – the textile industry. For ensuriy the release of high-
quality competitive products, technical re-equipment and 
modernization of textile enterprises, introduction of new 
innovative technological processes and means of production 
automation are carried out. A powerful impulse that opened 
up new opportunities for improving the industry was the De-
cree of the President of the Republic of Uzbekistan Shavkat 
Mirziyoyev “On the Program of Measures for the Further De-
velopment of the Textile and Clothing and Knitting Industries 
for 2017–2019” [1].

Technical progress in the field of spinning production has 
led to the creation of new spinning methods and new types of 
spindleless spinning machines that are being intensively intro-
duced into the textile industry. However, the features of the yarn 
of the pneumomechanical spinning method in the near future 
do not yet completely replace the yarn of the ring spinning 
method. At the present time, foreign machine-building firms, 
paying much attention to new ways of forming yarn, continue to 
perfect ring spinning machines. These improvements are aimed 
to increase the productivity of equipment, the level of automa-
tion and computerization of machine maintenance operations, 
to improve the working units of the machine both by improving 
their design, and making them from more durable materials, as 
well as improving the accuracy of manufacturing.

Drafting system is one of the critical nodes of ring spin-
ning machines. Most firms recommend a simple three-cyl-
inder two-strap drafting system with a degree of draft up to 
60. From the quality of the details of the drafting system and 
the parameters of its adjustment depends the quality of the 
produced yarn, the stability of the technological process of 
spinning, the productivity and use of raw materials. Solving 
issues related to ensuring the normal flow of the technological 
process of drawing is a complex task. In recent years, domestic 
and foreign scientists have done a lot of work aimed at solving 
this problem [2], but a number of issues remain unresolved.

Unsatisfactory work of the drafting system of spinning 
machines leads to the formation of internal irregularity of 
the yarn. Therefore, studies aimed at improving the drafting 
system and optimizing the parameters of its adjustment are 
certainly actual.

Theoretical part. Drawing is one of the most important 
processes in spinning technology. Drawing is carried out in 
drafting system, the construction of which implements the 
basic provisions of the theory of drawing.

One of the reasons that increases the irregularity of the 
yarn when drawing the product in the drafting system is the 
unsatisfactory straightening of the fibers, leading to a decrease 
in the proportion of controlled fibers during the stretching 
process, increasing their irregular shifts, creating fiber group-
ing that reduces the strength and irregularity in the strength of 
the yarn. Straightening of the fibers occurs mainly during the 
drawing process between the draft pairs. The efficiency of the 
straightening of the fibers also depends on the magnitude of 
the stresses of the forces of friction. Consequently, increasing 
the load on the rollers and improving the quality of their coat-
ing will lead to an increase in the straightness of the fibers and 
a decrease in the irregularity of the outgoing product.

To create the necessary frictional forces in the drawing 
field and ensure a reliable clamping of the fibers, the surface of 
the cylinders is made grooved. The rollers of the drafting sys-
tem, pressed to the grooved cylinders, rotate under the action 
of frictional forces. The stratification of the drawn product 
and the appearance of irregularities are observed due to the 
lag of the roller from the cylinder and the uneven rotation of 
the roller. The elastic coating of the rollers when worn with 
the flutes wears out, and with a small width of the flutes, even 
a partial damage of the fibers occurs.

To eliminate these drawbacks, it was suggested to improve 
the drafting system by replacing the grooved part of the draft cyl-
inders with bushings with an elastic coating [3]. In this case, the 
contact strip of the draft pair is doubled, which ensures a reliable 
clamping of the fibers, the frictional field force remains constant 
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along the length of the top roller, thereby stretching the process 
with high stability. The use of bushings with an elastic coating 
allows the processing of a twisted roving with increased load on 
the rollers and at high speed without damaging the fibers.

The purpose of this work is to choose the optimum set-
tings for an improved drafting system that ensure a high qual-
ity of the yarn.

Figure 1. General view of the improved drafting system of the ring spinning machine

Experimental part. The research was carried out in the 
production environment of JV LLC “Uztex Shovot”. The influ-
ence of the tuning parameters of the improved drafting sys-
tem, mounted on the ring spinning machine G35 by Rieter, 
on the physical and mechanical properties of a 20-tex yarn of 
linear density were studied.

For the production of semi-finished products and yarn, a 
factory sorting consisting of cotton fiber of type 4 (Mehnat selec-
tion) of grade I, Oliy class – 55%, Yakhshi class – 45% was used.

On six spindles of the spinning machine G35, the cor-
rugated part of the draft cylinder was replaced with bush-

ings with an elastic coating. The hardness of the coating 
is 55 ± 5 Shore A, the nominal tensile strength is not less 
than 16.7 mPa (170 kgf /sm2), the elongation at break is 
not less than 550%. For a greater uniformity of the clamp-
ing of the fiber in the discharge pair, the coating thickness 
was 4.5 mm.

Two factors varied in studying the influence of the pa-
rameters of the improved drafting system on the yarn quality 
parameters: break draft between II–III cylinders (X1) and 
load on the discharge roller (X2). Levels and intervals of 
variation of factors are given in (Table 1).

Table 1. – Levels and intervals of variation of factors

Factors
Variation levels

Variation interval
–1 0 +1

Х1 – break draft between II – III cylinders 1.15 1.25 1.35 0.10
Х2 – load on the I line, Н 150 160 170 10

To solve the problem of optimizing the tuning parameters 
of the improved drafting system, a 32 full factorial design – 9 
experiments, i. e. a complete search of all possible combina-
tions, all levels of factors, as in textile research the usual search 
is the most effective method of searching for an optimum [4].

As response variables were chosen:
– quadratic irregularity of yarn in section,% – Y1
– breaking tenacity of yarn, cN/tex – Y2
– quadratic irregularity of yarn of breaking force,% – Y3.
The planning matrix and the results of the experiment are 

shown in (Table 2).

Table 2. – The planning matrix and the results of the experiment

Experiment 
No.

Coded value of factors Factors Optimization options
Х1 Х2 Х1 Х2 Y1 Y2 Y3

1 2 3 4 5 6 7 8
1 1 –1 1.35 150 14.92 11.60 10.1
2 1 0 1.35 160 14.45 11.86 9.6
3 1 1 1.35 170 14.14 12.09 9.1
4 0 –1 1.25 150 14.36 11.66 9.7
5 0 0 1.25 160 13.95 12.3 8.9
6 0 1 1.25 170 13.90 12.54 8.6
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1 2 3 4 5 6 7 8
7 –1 –1 1.15 150 14.21 11.88 9.4
8 –1 0 1.15 160 13.78 12.65 8.3
9 –1 1 1.15 170 13.40 12.72 8.0

The physical and mechanical properties of the yarn were determined by testing on Uster laboratory equipment. Test results 
are shown in (Tables 3 and 4).

Table 3. – Irregularity, defects and hairiness of the yarn

№ Indicator name (index name)
Х1=1.35 Х1=1.25 Х1=1.15

150Н 160Н 170Н 150Н 160Н 170Н 150Н 160Н 170Н
1. Irregularity of section,%

– linear, Um 11.75 11.41 11.19 11.33 11.13 11.05 11.24 10.95 10.68
– quadratic, Сm 14.92 14.45 14.14 14.36 13.95 13.93 14.21 13.78 13.40

2. The Us st level for Сm,% 30 26 25 26 22 22 25 21 20
3. The ratio Сm/ Um 1.27 1.266 1.264 1.267 1.253 1.261 1.265 1.258 1.255
4. Thick places (–40%), units/km 140 130.8 123 136 114 113.7 123.8 110.5 96.5

Us st,% 25 24 21 24 20 20 21 18 18
Thin places (–50%), units/km 3.5 3.3 3.0 3.3 2.7 2.6 3.4 2.1 1.5
Us st,% 8 7 5 7 6 6 7 < 5 < 5

5.
Thick places (+50%), units/km 93.5 90.2 82.2 92.5 81.5 77.3 79.9 73.8 72.1
Us st,% 19 16

6.
Neps (+200%) 275.0 205.0 222.5 220.0 257.5 225.0 280.0 225.0 210.0
Neps (+280%) 42.5 30.0 32.5 50.0 27.5 37.5 50.0 45.0 35.0

7. Hairiness, Н 6.72 6.65 6.81 6.69 6.62 6.65 6.53 6.87 6.64
237 224.3 208.2 231.8 198.2 193.6 207.1 186.4 170.1

Table 4. – Indicators of physical and mechanical properties and breakage of yarn

№ Indicator name
(index name)

Х1=1.35 Х1=1.25 Х1=1.15
150Н 160Н 170Н 150Н 160Н 170Н 150Н 160Н 170Н

1. Linear density of yarn, tex 19.9 20.1 20.0 19.8 20.2 20.0 20.1 20.2 19.9
2. Metric number 50.25 49.8 50.0 50.5 49.5 50.0 49.8 49.5 50.25

3. Coefficient of variation of linear 
density,% 0.86 0.9 0.9 0.97 1.0 0.89 1.01 0.92 0.94

4. Breaking force, cN 230.8 238.4 241.8 230.8 248.5 250.8 238.8 255.5 253.1

5. Coefficient of variation of 
breaking force,% 10.1 9.6 9.1 9.7 8.9 8.6 9.4 8.3 8.0

6. Breaking tenacity, cN/tex 11.6 11.86 12.09 11.66 12.3 12.54 11.88 12.65 12.72
7. Level of quality 1.15 1.23 1.33 1.2 1.38 1.45 14.26 1.52 1.59

8. Coefficient of using fiber 
strength in yarn strength 0.448 0.458 0.467 0.45 0.475 0.484 0.459 0.488 0.491

9. Elongation,% 3.9 4.2 4.1 4.2 3.8 3.9 4.27 4.10 4.1
10. Work to break, cN∙Cm 450 500 496 485 472 489 510 524 519

11. Relative work break for 1 meter 
of yarn, N 45.2 49.8 49.6 49.0 46.7 48.9 50.7 51.9 52.2

12. Discontinuity:
per 1000 spindles/hour 52 50 48 48 48 46 45 45 43
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For each optimization parameter, regression equations 
were constructed.

Evaluation of the significance of regression coefficients 
was carried out by the Student’s criterion, and the assessment 

of the adequacy of the equations is based on the Fisher’s cri-
terion.

The values of the regression coefficients, dispersion and 
confidence intervals Δbi are shown in (Table 5).

Table 5. – Values of coefficients, dispersion and confidence intervals

Optimization 
parameters b0 b1 b2 b12 b1

2 b2
2 Sy

2 Sbi

2 Sbi
∆bi

Y1 14.12 0.353 0.342 0.0075 0.03 0.035 0.0039 0.000144 0.012 0.0516
Y2 12.14 0.283 0.368 0.0875 0.0067 0.0584 0.0052 0.0001926 0.01388 0.0597
Y3 9.077 0.517 0.583 0.1 0.0063 0.073 0.0196 0.000726 0.02694 0.116

As is well known, when bi < ∆bi, the influence of i factor 
should be considered insignificant. After discarding minor terms, 
the regression equations acquire the corresponding form:
quadratic irregularity of yarn of section,%

 y x x1 1 214 12 0 353 0 342= + −, , ,  (1)
breaking tenacity of yarn, cN/tex

 y x x x x2 1 2 1 212 14 0 283 0 368 0 0875= − + −, , , ,  (2)
quadratic irregularity of yarn of breaking force,%

 y x x3 1 29 077 0 5173 0 583= + −, , ,  (3)
Convinced of the adequacy of equations (1–3), we can 

conclude that the amount of drawing in the back of the im-

proved drafting system and the amount of load on the rollers 
affect the internal irregularity of the yarn, its breaking force 
and the irregularity of the breaking force.

It can be seen from formula (1) that the quadratic ir-
regularity along the section increases with the increase of the 
rear draft and with the decrease of the load, and the wiring 
effect is 3.2% higher than the load. For illustration, (Fig. 2) 
shows spectrograms of the mass of yarns of two variants: 
optimal (a) (E = 1.15, load 170N) and variant (b) with E = 
1.35 and load 150N.

 
 a) b)

Figure 2. Spectrograms of yarn mass in cross section at: a) Е = 1.15, load 170Н; b) E = 1.35, load 150 N
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Figure 3. Dependence of the breaking tenacity of the yarn and the coefficient of 
variation of breaking force on the load of the rollers and the rear break draft
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In (Fig. 2), one can see individual peaks on the spectro-
grams of variant (b) of elevations and more obvious irregulari-
ties (impulse deviations) in comparison with variant (a) in the 
wavelength region λ = 4–10 cm, which is typical for waves of 
irregularity from drawing and is explained by insufficient con-
trol over the movement of fibers in the drafting system at the 
values of the factors E = 1.35 and the load of 150N. Therefore, 
variant a) can be taken as optimal values.

From formulas (2) and (3) it can be seen that the break-
ing force of the yarn decreases with the increase of the draft in 
the rear zone, but increases with increased loads on the roller, 
and the effect of the load is 1.3 times higher. The coefficient of 
variation of breaking force increases with increasing drawing 
and decreases with loads, as is clearly seen in (Fig. 3).

Figure 3 shows:
1) with increasing load on the rollers, the yarn has a high-

er breaking force and a higher uniformity of breaking force 
with any break draft in the rear zone

2) an increase in the rear break draft at any load leads to a 
decrease in the breaking tenacity and an increase in the coef-
ficient of variation of breaking force

3) the highest breaking tenacity is 12.72 cN/tex with the 
smallest coefficient of variation of breaking force – 8.0% in 
the version with a break rear draft of 1.15 and the load on the 
front roller 170N.

Conclusions:
As a result of an experimental study using an improved 

drafting system, the following conclusions can be drawn:
1) With a decrease in the break rear draft and with an in-

crease in the load on the rollers, the internal irregularity of the 
yarn is reduced, and the breaking force of the yarn is increased, 
the coefficient of variation of breaking force is reduced

2) The most optimal settings for the improved drafting 
system are the break draft in the range 1.15–1.25, and the load 
on the front roller in the range 160–170 N.

3) The constructed mathematical models in the form of 
regression equations allow to determine the degree of influ-
ence of each factor and to predict the parameters of the investi-
gated physical and mechanical properties of yarn with varying 
values of the influence of factors on them.
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FORECASTING FACTORS AFFECTING THE WATER PREVENTION 
OF CENTRIFUGAL PUMPS

Abstract: The results of full-scale studies on the study of the operating modes of centrifugal pumps for determin-
ing factors affecting the reduction of their water supply are presented in the article.

Keywords: pump, feed, head, pipeline, flow, wear.
In irrigation systems of the Republic of Uzbekistan, more 

than 50% of the area is irrigated using pumping stations, the 
number of which is 1618, where more than 5,000 pumping 
units are installed with a total feed of 6535 … 6600 m3/s and a 
capacity of 3577 mVt. One of the largest electricity consumers 
in agriculture (more than 70%) is the paddle and axial pump-
ing units, most of which are used in agriculture, industry and 
communal services.

Experience in the operation of pumping stations has 
shown that many of them work with the supply much lower 
than the design ones. The main reasons for this are the un-
satisfactory hydraulic regime of the water intake structures 
and the wear of the elements of the flow-through part of the 
pumps [1, 19–24].

In order to assess the effect of hydraulic processes occurring 
in the water supply and water supply facilities and the hydro me-
chanical processes occurring inside the pump on reducing its wa-
ter supply, tests were carried out of units 1 and 2 of the pumping 
station “Turakurgan-1” and units 6 and 7 of the pumping station 
Irrigator (Namangan region) equipped with the same centrifu-
gal pumps of grade D4000–95 (22NDs with n = 730 rev/min). 
Measurements and calculations of the main technical param-
eters of pumps were carried out on the basis of the existing 
standard research methodology [2, 328–333].

To determine the pump head, we used model vacuum 
gauges and pressure gauges connected respectively to the suc-
tion and discharge nozzles, the water supply was determined 
from the value of the flow velocity in the pipeline, measured 
with the help of the Pito’s tube, the shaft power was calculated 
from the formula based on the voltmeter and ammeter read-
ings, shaft was measured with a tachometer [3, 60–65]. Loss 
of head of the suction pipeline was determined by the indica-
tions of two vacuum gauges, the first installed in the initial 
section after the rotation of the pipeline axis, and the second 
in the inlet pipe of the pump [4, 58–59].

The loss of the head of the suction line was calculated by 
the formula:

 h h h
V

gw vac s= − −
2

2
 (1)

where vac is the reading of vacuum gages No. 1 or No. 2;
hs – is the geodetic height from the level of the down-

stream to the point
Connection of vacuum gauges;
V –is the flow velocity at the pressure measurement point.
The resistance coefficient of the suction pipe was deter-

mined from the following expression:

 ξ =
⋅h g

V
w 2

2  (2)

Figure 1 shows a comparison of the factory characteristics 
with the full-scale test data of the 1 st Turakurgan-1 pump-
ing station. As can be seen from Picture 1, the experimental 
points are slightly lower from the pressure line of the factory 
characteristic, although the pump consumes sufficient power. 
With the valve fully open, the head of the pump is HB = 54.8 
m, the water supply was QB = 698 l/s instead of the design 
QA = 1000 l/s, i. e. the working point A was shifted to point B 
and the difference was ΔQ = 302 l/s. Because of the reduced 
water supply, the efficiency of the pump was lower by 12 … 
15% [5, 77–80].

The displacement of the design work point A to the ac-
tual operating point B in Picture 1 depends on many factors, 
the degree of their influence on the water supply reduction 
can be established by conducting a detailed analysis of all the 
technical parameters of the pump, as well as the suction and 
pressure pipelines.

Figure 2 shows the dependence of the resistance coeffi-
cient on the water supply of the pump with the water intake 
chamber clogged and after its partial washing. Partial wash-
ing of sediment deposition in the chamber was achieved 
by increasing the bottom flow velocities, forming a gap 
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by covering the upper part of it with the help of wooden 
shields. As can be seen from Figure 2, the coefficient of 
hydraulic resistance of the suction pipeline ζ decreases 
in all operating modes of the pump after partial washing 

of the water intake chamber. As a result of the decrease 
in hydraulic resistance, the pump supply increased from 
Qb = 698 l/s to Qs = 738 l/s, i. e. at qc = 40 l/s (see Figur 1) 
[6, 119–128].

Figure 1. Comparison of the design mode of operation of the pump D4000‑95 with the data of full‑scale 
tests: H, N, ή – pressure curves, power and efficiency according to the factory characteristic, Hp, Hp

1, Hp
11, 

Hp
111 – hydrodynamic curves, A – design operating point, V and C – respectively, operating points before and 

after washing the water intake chamber (according to field tests), A1, A2, A3, D – predicted operating points

After washing the chamber between the hydrodynamic 
curve and the design curve, there was still a significant differ-
ence, i. e. the difference in head between points S and E has a 
significant value, which convinces of increased values   of head 
loss in pipelines. To determine the actual values   of the head 
loss in suction pipelines, the readings of two vacuum gauges 
installed in the initial and final sections were used. Multiple 
measurements of the vacuum values   in the suction pipelines 

of the 1st and 2nd units were made. According to the measure-
ment data, the pressure losses were calculated between the 
sections of the suction piping pressure measurement, which 
was hsp = 2.9 … 3.5 m, and the calculation should be hsp = 0.53 
m (difference in head HC – HE = h’sp in Figur 1.) [7, 12–18].

The values h’sp and h show that cleaning of the suction pipe 
is required, and thus it is possible to increase the pump supply 
to Qd = 800 l/c (ie, another qsp = 62 l/s).

Figure 2. Dependence of the resistance coefficient of the suction pipeline from the water supply of the 
centrifugal pump: 1 and 2 – respectively curves obtained before and after washing the water intake chamber
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As indicated by the pressure gauge installed on the pump 
discharge connection, the actual values   of the pressure loss of 
the discharge line were found, and this value was checked by 
calculation. The difference between the calculated and actual 
value of the head loss is ∆hh = 0 85.  m (the difference in head 
between points D and K in Figur 1), which was associated 
with the accumulation of air at elevated points of the pressure 
pipeline. Hence, with the removal of air from the individual 
sections of the discharge pipeline, it is possible to increase the 
pump supply to QA3 = 815 l/s (ie, for qprp = 15 l/s).

To determine the reasons for the reduction in the water 
supply of the pump associated with the hydromechanical pro-
cesses occurring inside the pump, it is necessary to consider 
the change in the pump characteristic between the points A 
and A3 along the hydrodynamic curve Hp = f(Q) (see Figur 
Surfaces of the flowing part of the pump during long operation 
(more than 15 years) are exposed to the hard abrasive particles 
present in the pumped water and have a flake-like undulating 
shape, which leads to an increase in frictional pressure loss. 
Carrying out calculations by the appropriate method, the total 
value of the head loss of the flow-through part of the pump is 
determined: hp = 3.23 m. In (Fig. 1), we find the points O and 
A1, the difference in heads of which corresponds to the value 
of the head loss of the flow part hp = 3.23 m. Accordingly, the 
decrease in water supply by increasing the hydraulic resistance 
of the flow-through part of the pump is

qw = QA–QA1 = 1000–935 = 65 l/s [3, 60–65].

If the initial clearance between the impeller disk and the 
sealing ring was equal to So = 0.7 mm, at the time of the test 
it was S = 2.72 mm. Calculations using the method described 
in the works show that the increase in water leakage through 
sealing gaps on both sides of the impeller will be equal to 
ql = 90 l/s [5, 77–80].

Putting the value of qy from the point A1 on the pump 
characteristic (see Figur 1), we find the point A2. As can be 
seen, there is a difference qa = 30 l/s between point A2 and 
A3, which means an increase in the amount of water leak-
age through the clearance between the “language” of the 
outlet device and the impeller, and also in the stuffing box. 
The permissible gap in the area of   the “language” should be 
Slang = (0,03 … 0,05) × D2 = 0,05 × 860 = 43 mm. With 
long-term operation (more than 15 years), the actual gap in 
the area of   the “language” increased to Slang = 78 mm, which 
is the reason for an increase in reverse leakage through this 
gap.

The increase in the hydraulic resistance of the suction line 
(qc + qsp = 10.2% and the increase in the gaps in the seals and in 
the “tongue” region qcom + qlan = 12%) has the greatest impact 
on the decrease in the water supply of the pump.

As can be seen from (Table 1), the increase in hydraulic re-
sistance of the suction line (qc + qsp = 10.2% and the increase in 
the gaps in the seals and in the “language” region qcom + qlan = 12%) 
has the greatest effect on reducing the water supply of the 
pump.

Table 1. – Degree of reduction of water supply of pump D4000–95 in dependence from various factors

Description of quantities Nota-
tion

Unit. 
amendment

Num-
ber of

Decrease in water sup-
ply of the pump%

Reduction of water supply due to siltation of the water 
intake chamber. qc l/s 40 4

Reduced water supply due to increased hydraulic 
resistance of the suction pipeline. qsp l/s 62 6.2

Decrease in water supply due to increased hydraulic 
resistance of the pressure pipeline. qprp l/s 15 1.5

Decrease in water supply due to increased gap in the 
area of   «language». qlan l/s 30 3

Reducing water suppression increase the sealing gap 
of the impeller. qcom l/s 90 9

Decrease in water supply due to increased hydraulic 
resistance of the flowing part of the pump. qw l/s 65 6.5

Total reduction in water supply of the pump. ∆Q l/s 302 30.2

It should be noted that, depending on the operating con-
ditions of the pumping station, the percentage of reduction 
in the water supply of the pump, depending on the individual 
factors, can be different.

Based on the foregoing analysis, it follows that it is re-
quired to develop a set of specific measures to improve the 
design of water intake facilities, as well as to reduce wear on 
the parts of the flow passage and the sealing elements of the 
pump impeller.
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TECHNOLOGICAL PROSPECTS OF OPTIMIZING 
UNDERGROUND GAS STORAGE SYSTEMS

Abstract: Drilling of a new, repairs of the existing wells in 2008–2011, and transporting part of buffer volume to 
active storage volume significantly increased gas extraction power of Gazli underground gas storage system (UGS). 
Decrease of reservoir pressure due to previously mentioned actions made it necessary to develop and employ actions 
to increase efficiency of existing storage powers for medium- and long-term perspectives. Technical solutions for all 
active wells are developed which guarantee the decrease of spillage area of gas bubble, created during the injection 
process, through formation of local repressive swirl with a zone of increased reservoir pressure around well. Implemen-
tation of this technology provided significant increase of well flow rates due to rational usage of energy of injected gas.

Keywords: underground gas storage, reservoir pressure, porosity, relative permeability, regulation of gas bank 
pumping.

Results and discussion. Demand for natural gas in world 
markets is constantly increasing. This tendency causes fast de-
velopment and implementation of energy saving program and 
optimization of gas consumption.

Demand for gas is characterized with seasonal fluctua-
tion. Decrease of consumption of natural gas in industrial 
and socio-economic economic sectors in countries around the 
word happens during spring-summer periods. During winter 
periods, consumption stays at a high level.

Accounting for consistent tendency of gas consumption 
fluctuation during summer and winter periods, and account-
ing for ever-increasing demand for gas during winter periods, 
the development and improvement of underground storage 
of gas is becoming economically prevalent.

In this aspect it is important to give attention to goals of 
optimization of gas storage, which should account for maxi-
mum effective usage of underground reservoirs like UGS, 
created at water-bearing beds as well as at facilities based on 
developed gas reservoirs.

Analysis of cyclic exploitation of UGS “Gazli”, created 
on the facilities of the largest gas reservoir, opened in 1956, 
shows the possibility of increasing the gas storage volumes in 
UGS station without an increase of gas-saturated volume of 
interstitial space by the means of including part of the buf-
fer storage volumes of natural gas into circulation. Gazli UGS 

is a unique facility where gas is stored under anomalous low 
reservoir pressures, and it has high potential for development 
due to functional significance and location.

In the period of 2008–2011 the power of this storage 
significantly increased, which resulted in increase of natural 
gas withdrawal during winter time from 2.38 billion to 3.10 
billion cubic meters.

Due to prepared and accomplished solutions related to 
drilling of 30 wellsites, recovery of productivity of 46 wellsites 
along IX, X–XII horizons, additional 6.5 billion cubic meters 
of gas is withdrawn, which is directed to Republic’s consum-
ers and to export.

Regulation of spillage front. As a research has shown, 
gas injection along 80 exploited wells (2010) caused a sig-
nificant decrease of their productivity under gas withdrawal 
out of 255 wells. Project solutions related to gas injection into 
102 injection wells and withdrawal from 232 wells did not 
allow to maintain consistent withdrawals along all wells. Ev-
ery well, being at disproportionally big gas saturated porous 
volume (under low reservoir pressure of 1.0–1.14 MPa), has 
its own drainage area, and absence of pumping of gas along 
these wells does not allow to increase their productivity dur-
ing withdrawals.

This area of drainage determines production possibilities 
of each well.
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Due to that the goal of optimization of exploited char-
acteristic of all the wells is the decrease of spillage area of gas 
bubble created during pumping process due to local repres-
sive swirl with a zone of high reservoir pressure around wells.

Solution is developed which ensures gas injection into 
wells with the control of spillage front of gas bubble and 

which allows ensuring maintenance of injected gas volume 
at near-well zone by creation of local zones of high pressure. 
This happens during the increase of wells’ productivity in the 
process of gas withdrawal during winter periods under the 
decrease flow of reservoir water to well (Figure 1).

Figure1. Hypothetical process of gas spillage

This solution requires thorough repairs of wells with the 
recovery of cement ring and substitution of exploited column 
(Figure 2).

Implementation of the following technology allows to 
implement:

– rational usage of energy of pumped gas with the 1.5–
2.5 times increase of gas production from wells during winter 
periods;

– most effective usage of installed compressor stations at 
gas withdrawal with maximum load;

– decrease of nonproductive buffer gas storage;

Figure 2. Thorough repairs of wells of IX horizon with the recovery of 
cement ring and substitution of exploitation column
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Optimization of operating wells. Development of pre-
project modernization solutions of underground gas storage 
(UGS) at IX horizon of Gazli reservoir showed that option, 
which uses horizontal wells for UGS exploitation, allows to 
optimize all wells and technological regime of their work.

In order to increase the active storage volume to up to 
10 billion cubic meters a year, it was calculated that 117 new 
horizontal wells would be needed. This compared to tradition-
al option of drilling 260 vertical wells for achieving planned 
volume will allow a decrease in investments for drilling and 
field facilities installation.

Table 1. – Forecast of technological indicators of UGS exploitation when horizontal wells 
are drilled and used to increase gas storage volumes to 10 billion cubic meters

Year
Horizon IX (UGS)

Yearly withdrawal (injection), 
bln cub m

Amount of wells
Existing New Total

2018–2019 2500 255 255
2019–2020 3273 255 4 259
2020–2021 4651 217 28 245
2021–2022 7500 184 75 259
2022–2023 8789 157 97 254
2023–2024 10000 133 117 250
2024–2025 10000 113 117 230
2025–2026 10000 96 117 213
2026–2027 10000 82 117 199
2027–2028 10000 69 117 186
2028–2029 10000 59 117 176
2029–2030 10000 50 117 167
2030–2031 10000 43 117 160
2031–2032 10000 36 117 153
2032–2033 10000 31 117 148

Table 2 – Indicators of horizontal and vertical wells productivity when 
10 bln cub m of active gas storage is achieved

Indicators
Injection of 10 bln cub m of active gas (182 days) Withdrawal of 10 bln cubic m of active gas (182 

days)

april may june july august sep-
tember

octo-
ber

novem-
ber

novem-
ber

decem-
ber

janu-
ary

febru-
ary march april

Amount of 
days 18 31 30 31 31 30 31 5 15 31 31 29 31 10

Gas volumes, 
mln cub m 301 1329 1714 1771 1771 1714 1329 71 793 2436 2436 2279 1771 285

Production of 
one vertical/
horizontal 
well, thou-
sand cub m 
a day

17
2/

76
0

17
8/

78
9

18
8/

83
3

19
8/

87
8

20
8/

92
3

21
8/

96
7

22
5/

10
01

22
6/

10
04

19
1/

85
2

17
8/

79
2

16
5/

73
1

15
2/

67
5

14
2/

63
2

14
1/

62
5

Amount of 
vertical/hori-
zontal wells 98

/2
2

24
0/

55

30
4/

69

28
8/

66

27
5/

62

26
2/

60

19
0/

43

64
/1

5

27
6/

63

44
1/

10
0

47
6/

10
8

51
5/

11
7

40
0/

91

20
2/

46

Besides already mentioned advantage of investment de-
crease, exploitation of horizontal wells will allow with high 
probability to prevent losses of make up gas into payzone. This 
will happen due to creation of gas bubble at bottomhole, and 

this won’t let cut out or trapping of gas with reservoir water 
during cyclic process of production activity (Figure  3).
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Figure 3. Scheme of production of vertical and horizontal wells during UGS 
regime (IX horizon) and during gas production from X‑XIII horizons

Exploitation of X-XIII gas reservoir horizons is more ef-
fective when horizontal wells are used. This is due to bigger 
coverage of drainage, inclusion into development of earlier 
unavailable sublayers, and production of wells at lower depres-
sions which allows to increase non-water period of natural gas 
production.

Optimization of withdrawal regimes. Due to this the 
maintenance of technologic regime of gas pumping at consis-
tent volumes along all wells of UGS is a necessary condition 
for creating high reservoir pressures at drainage zones of wells.

With the goal of increase of gas withdrawals during win-
ter periods we developed and implemented a new system of 
research work and processing of informative materials.

Current material includes exploited parameters of objects 
during the pumping and withdrawal of a gas, in the sectional 
view of each well, which guaranteed optimization of techno-
logical regimes of withdrawal of natural gas from UGS at the 
level of 21.0–25.5 millions of cubic meters per day.

For operating control and monitoring of exploited char-
acteristics of UGS and each separate well we developed and 
implemented info-analytical system (IAS) Gasanalitic.

Usage of IAS Gasanalitic allows optimization works of 
geologo-technological service of gas storage with the devel-
opment of operative solutions for accomplishing controlling 
effects on gas storage facilities.

The goal of this is the optimal usage of installed technol-
ogy for pumping and withdrawal in connection with energetic 
possibilities of reservoirs [1] (Figure 3).

The development of this product solves the following 
goals:

– infological structure is created and system of analysis 
of exploited characteristics of wells is made;

– algorithms and program products for analysis of tech-
nical condition of wells and program products of research 
results of geo-industrial parameters of exploitation of UGS 
are developed;

– principles of solutions of operative goals of analysis of 
exploited characteristics of UGS on the level of geologic ser-
vices of gas storage and research organization are determined;

–3D working geological model of underground storage 
for operative estimation of gas saturation of reservoirs is built;

– methods of operative forecast of indicators of UGS ex-
ploitation depending on the planned levels of pumping and 
withdrawal are developed;

– software for formulation and usage of information, and 
documentation about condition of UGS exploitation with da-
tabase is created.

The basis of info-technological solutions during the cre-
ation of program products were the methods and procedures 
of analysis of complex systems, to which system of under-
ground gas storage belonged [1] (Figure 4). Systematic us-
age of methodological practices of analysis of exploitation of 
UGS with regulatory procedures of collection of geological-
geophysical information about wells at the real scale allows 
creating wholesome infological structure, which maintains 
monitoring of exploited characteristics among gas storage 
facilities [2].

Conclusion
Practical implementation of the offered technical solu-

tions for optimization of storage of natural gas at underground 
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reservoirs of Gazli UGS, and control and monitoring of ex-
ploitation storage objects allowed

– guarantee the 5% decrease of energetic expenses by de-
creasing repression on reservoir during pumping of gas and 
depression under gas withdrawal;

– increase the exploitation efficiency of all wells up to 7% 
due to decrease of water saturation of well production to the 
middle and the end of gas withdrawal;

– decrease the volume of trapped gas at gas-water zones 
of reservoirs up to 3% due to improvement of the system of 
installation of rational technological regimes of well exploita-
tion during pumping and withdrawal of gas.
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Introduction. Heliohouses for oasis areas are character-
ized by the use of a passive solar heating system in the form of 
stained glass, the wall of the Trombus, an attached greenhouse 
or a greenhouse. General requirements for buildings in these 
areas are: an open type of development, the orientation of 
residential and flight rooms to the south, reducing heat loss 
and the device of sun protection.

For heliohouses in the desert regions, the use of a passive 
heliosystem or a combined-passive system in combination 
with an active system of solar heat supply (using flat collec-
tors) is typical. The architectural and planning solutions of 
these buildings should provide for a compact type of build-

ing, a wide building block, the necessary measures to reduce 
heat loss (wall insulation, the choice of the appropriate types 
of windows and doors, shutters on windows, special blinds, 
adjustable depending on the intensity of solar radiation; re-
duction of air filtration), solar protection devices [1].

A project was developed, which built the building in the 
Tashkent region as an experimental laboratory for an all-sea-
son study of thermal processes taking place in a solar house 
with passive solar heating technology. The architectural solu-
tion with single-row arrangement of premises is chosen so that 
to combine in one building several kinds of passive heating 
(Figure-1).

Figure 1. Plan of the experimental heliohouses
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Figure 2. Building Breakdown

Taking into account the specifics of rural construction 
and the availability of materials, the following basic designs 
are selected(Figure 2).

Conclusions. The developed variants of apartment hous-
es with application of solar heat supply allowed to draw the 
following conclusions:

1 – in Central Asia, heliohouses with passive and active 
solar energy systems are currently being built, which were 
developed without any architectural, theoretical and practi-
cal basis for the formation of residential buildings, includ-
ing the functions of using solar heat for power supply. It is 
necessary to search for new approaches to designing houses 
with solar heat supply [2].

2 – architectural and planning solutions for heliohouses 
with passive system in oasis areas should provide an open 
view of the buildings. These buildings should have a nar-
row housing with the arrangement of helioelements on the 
southern facade or on the roof. It is possible to organize 
double-light common rooms or summer rooms and halls 
overlooking the southern facade (apartments located on two 
levels). in a few and multi-storey heliohouses, the summer 
room facing the helio-facade should be solved outside the 
light front of the living rooms, having it in the back of the 
apartment (recessed loggias).

The solar collectors should be provided without preju-
dice to the functional organization of the household processes 
occurring in the summer premises. For the summer, spring, 
autumn periods, it is necessary to provide for the opening of 
the glazed enclosure. In heliohouses with passive helio heat 

supply systems, it is necessary to comply with measures to 
reduce heat loss.

3 – In the design of residential buildings with solar heat 
supply for desert regions, a passive or combined (active with 
passive) solar heating system with the use of flat collectors 
is proposed. For residential buildings with solar systems, 
closed-circuit or semi-closed space-planning solutions are 
recommended.

These houses have a wide enclosure with the possibility of 
location on the southern facade of the collectors and translu-
cent inserts in the walls of the facades. In residential buildings, 
it is also necessary to use measures to reduce heat losses, it is 
recommended to install lifting louvers on light.

One side of the blind can be painted black, and the other 
is covered with reflective silver paint. Blinds can have differ-
ent positions and functions: in winter, the black side of the 
blind can be turned outward. Blinds in this case will form a 
continuous vertical surface, the silver part of the blinds will 
reflect the heat back into the room. In summer, you can turn 
the blinds with the silver side outward to reflect the sun’s rays. 
By increasing the thickness of the blinds by filling them with 
insulation, it is possible to reduce heat input in the summer 
and heat loss in winter.

4  – in low-rise apartment houses with a courtyard, 
used as a damper space, for winter period it is necessary to 
cover it with double glazing. Dwellings with a courtyard are 
traditional for the regions of Central Asia and reflect the 
centuries-old experience of adapting a person to a sharply 
continental climate with hot summers and cold winters. This 
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layout of the dwelling allows obtaining a dense building, due 
to which the area of   external fences cooled in winter and 
heated in the summer by the feature of heliohouses with an 
internal courtyard is minimized, is the presence of a compact 
rectangular yard plan. Apartments can be solved as one level, 
and two level or one-two level.

5 – room in residential houses with passive heat supply sys-
tems are located along the south side of the facade. In the case 
of two-row accommodation, the rooms of the northern orienta-
tion must be directly connected. The general room is desirable 
to provide two-way, which ensures the delivery of heat by air 
from the helio-facade to the rooms of the northern orientation. 
In this case, doorways must be arranged, on the contrary.

6 – when using the combined system of helio heat supply 
of a dwelling, flat solar collectors are used as the simplest ac-
tive solar system, for which air or liquid (water, oil, antifreeze) 
is used as a coolant.

One of the factors in choosing the type of coolant is the 
size, the width of the building, the larger the building, the far-
ther away the room from the solar receiver, the more rational 
is the use of the liquid system.

To achieve the same efficiency with air systems, it is nec-
essary to provide air ducts of large cross-section or to provide 
high speeds of air movement in combination with powerful fans. 
Therefore, when using flat collectors of an active solar system for 
large buildings with a wide enclosure or groups located on the 
territory of buildings, it is necessary to install liquid helio systems.

7 – in residential buildings with solar heat supply in vari-
ous passive heat supply systems, the area of the helio surface 
may amount to 60–70% of the heated area (the glazing of the 
courtyards at that-1/3 of all helio surfaces) with the joint ap-
plication of the glazing of the summer rooms of the southern 
orientation and active solar systems in low-rise dense build-
ings can achieve 40–60% of heat supply.
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Abstract: The technique for planning an experiment using the theory of similarity and uniformity in operational 
studies of agricultural aggregates is considered. The results of experimental studies with an aggregate for presowing 
soil cultivation are presented.
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Introduction. One of the features of the use of agri-

cultural machinery is the extreme variety of conditions of 
its work [1]. In this regard, in order to ensure the highest 
efficiency of the use of aggregates, the optimization of pa-
rameters and their operating modes should be carried out 
not only taking into account the possible range of variation 
of these conditions, but also in relation to specified condi-
tions. The solution to this problem is complicated by the 
fact that the existing methods of obtaining information on 
the performance of aggregates do not allow us to generalize 
it in terms of working conditions, reflecting the effects on 
these indicators. However, without such a generalization, 
the results of the experiment are always of a private nature, 
reflecting the conditions for conducting it.

In this connection, the derivation of dependencies de-
scribing the relationship between the i-th performance indi-
cator of a machine or an aggregate on the operating factors 
characterizing the conditions is an independent task.

The discussion of the results. Let’s consider a tech-
nique of modeling of indicators of work of agricultural ma-
chines on an example of a chisel-cultivator. Its main perfor-
mance indicators are the tractive resistance R and the depth 
of travel ap. The operating conditions of this machine are 
uniquely determined by the installation depth ау, the speed 
of movement of the aggregate V and the soil state, for its 
quantitative evaluation, its density ρ (g/cm3) and hardness 
H (mPa) can be used [2].

The dependence of R and ар on the factors determining 
the working conditions of the chisel-cultivator can be gener-
ally represented as

R f a В V H gp= 1( ; ; ; ; ; );ρ  a f a B V H gp y= 2( ; ; ; ; ; ),ρ  (1)
where B – is the design width of the machine, m; g – is the 
acceleration due to gravity, m/sec2.

The value of g is included in the dependence (1) in ac-
cordance with the requirements of the theory of dimensions 
[3]. Using as the basis variables the factors B, H and g, whose 
dimensional matrix is different from zero, we represent the 
relations (1) in the form
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Such a transformation of response functions into a dimen-
sionless form leads to a reduction in the number of variables 
and greatly facilitates the scope of work in determining the 
required dependencies.

As the results of numerous studies show, for the soil-culti-
vating machines the dependences R = f(ap) and ap = f(ap; V) are 
linear, R = f(V) – parabolic, but can be linearized by replacing 
V by V 2. In the transition to the dimensionless form of the 
considered dependences (2), the nature of these relationships 
is preserved, since factors B = const and g = const.

Taking into account the nature of the dependence R = f(V), 
on the basis of the corollary of the π-theorem [2, 3], we trans-
form relation (2) to the form
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Its use opens up new possibilities for improving the ex-
perimental procedure in those cases when, for whatever rea-
son, information about the magnitude of a is not required ар.

Taking into account the comments on the structure of the 
particular dependences of relations (2) and (3), they can be 
approximated by a polynomial of the first order [4]

 y b b x b x xo i i i i j= + + +∑∑ ...  (4)
where bo and bi – are regression coefficients; xi are indepen-
dently factors in coded form.

This model allows to take into account both the linear 
effect of each of the factors, and the result of their interaction.

During the experiment, the sequence of experiments is 
established using a table of random numbers. All experi-
ments are carried out only at two fixed levels of factor values. 
This requirement is easily implemented for factors (ар/В) 
and (ρgB/H). The predetermined level of factors V gB/  
or V2/gB and (ар/В) is practically impossible to sustain, 
since, for example, the value of V for the aggregate depends 
on the traction resistance of the machine. However, this dif-

ficulty is easily eliminated. On the basis of experimental 
data, using the static methods, we can find the equations of 
the dependences ар = f(V) and R = f(ap, V2) for each soil 
conditions and the installation depth. From these equations, 
the values of R and ap are calculated with the required com-
bination of factor levels: V gB2 / ; (ар/В); V gB/ . In this 
case, fixed levels are chosen within the range of their actual 
values variation with appropriate combinations of values of 
other factors. To test the hypothesis of the adequacy of the 
representation of the results by the polynomial (4), the 
Fisher criterion (F-test) is used [4, 5].

Experimental research of the unit (T-4A tractor and 
Chekul-cultivator CHKU-4) for soil fertilization was carried 
out in farms of Uzbekistan.

Analysis of experimental studies shows that the function 
Rx = f(ap) is linear, but the influence of the depth of the stroke 
on the value of Rx for all soil conditions increases with the 
speed of movement of the aggregate.

It can be seen from (Fig. 1) that the rate of change in the 
value of the complex Rx/НВк

2 from the γgBk/H, factor, which 
characterizes the soil conditions, essentially depends on the 
operating mode of the aggregate.

Figure 1. Graphs of the ap; Rx/НВк
2; Rx/НВк

2 и ap/Bk for the CHKU‑4 chisel‑cultivator: 1 – 
for V = 1.89 m/s and ау = 22 cm; 2 – at V = 1,89 m/s and ау = 10 см; – Rx; – ap

Analysis of the information obtained with these models 
(fig. 1) shows that the influence of the depth aр of the aperture 
on the value of R increases with the increase in the speed of 
motion of the MTA for all soil conditions. The influence of the 
speed of motion, estimated from the value of the coefficient 
for the term V 2 in the dependence R = f(V2) also depends on 
the value of other factors.

A similar picture holds for the factor (ρgB/H) in the de-
pendence R/HB2 = φ(ρgB/H).

The obtained mathematical models of performance indi-
cators of the chisel-cultivator will allow to study in detail the 
influence of any of the factors on the magnitude of its traction 
resistance and the depth of the stroke. They can be used for 
operational calculations to justify the optimal composition 
and operating conditions of the chisel-cultivator unit under 
given conditions.

The conclusion. The application of methods of the 
theory of similarity and experiment planning in the testing 
of chiesel aggregates significantly increase the amount of 
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information obtained about the operational properties of the 
unit. The received mathematical models allow to define values 

of resistance and depth of a course of a chisel-cultivator at 
work of the unit in any given operational conditions.
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Abstract: In the article is presented the results of production tests of the conductive special footwear of the 
fastening glued method on the molded sole. The main contact elements of the “foot-inner shoe-soles-floor” system, 
which ensure the complete draining of static electricity charges from the shoes, are the main insole covered with 
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Introduction
The protection of workers health of, the provision of safe 

working conditions, the elimination of occupational diseases 
and occupational injuries, is one of the main problems of any 
state. Particularly priority in this area in recent years there are 
the issues of providing workers with overalls, special footwear 
and other means of individual and collective protection.

Static electricity is one of the most common harmful 
production factors, the potential hazard which exists in many 
production areas associated with high rates of processing of 
raw materials and processing of dielectric materials, such as 
defense enterprises, oil and gas processing, production of film 
and artificial materials, electronics, e. t.c [1].

Working people in the zone of exposure to an electric field 
of high tension meet a variety of complaints about irritabil-
ity, headache, sleep disturbances, etc. The human body, being 
an excellent conductor of electricity, becomes a kind of “con-
denser” with every movement of a person, especially if in his 
clothes there are synthetic and woolen fabrics, the amount 
of charge is increased. When a person touches the mass, a 
“capacitor” is discharged with the formation of an electric arc. 
Accumulation of electric charges is the cause of outbreaks, 
accidents in production and, obviously, negatively affects the 
body and the nervous system. Therefore, clothes and shoes 
must have antistatic properties, so that the charge does not 
accumulate on it, but “drains away” from it. The removal of 
static electricity from the human body is carried out by the 
installation of electrically conductive floors in production fa-
cilities, as well as providing working with conductive footwear 
and antistatic clothing, aprons, bracelets and gloves.

Thus, the antistatic special footwear is designed to exclude 
the accumulation of electrostatic charges on a person, espe-
cially it is important and necessary in industries associated 
with processing and formation of explosive substances.

The given research is directed on research of electrically 
conductive properties of the developed current-carrying spe-
cial footwear in the conditions of shop on pyrotechnic prod-
ucts manufacture.

For production tests, the conductive footwear of the 
adhesive method of fastening on the flat molded sole was 
manufactured according to the developed specifications 
TSh 64–0207245–001: 2004 “Special-purpose footwear 
for removing static electricity charges”. The main contact 
elements of the “foot-inner shoe-sole-floor” system are the 
main insole, covered with electrically conductive cloth, and 
the rubber-based rubber sole based on SKMS-30 rubber, 
which ensure full discharge of static electricity charges from 
the shoe [3].

The study of the current-conducting properties of shoes 
is carried out in two stages.

At the first stage – the electrical conductivity of footwear 
materials, is measured package of materials and finished foot-
wear;

On the second stage it is measured the resistance of shoes, 
worn by a man, system-shoes + socks + human body.

1.Shoes, not wearing a man
Determination of the electrical conductivity of the rub-

ber sole SKMS-30 and packs of materials (sole SKMS-30 + 
conductive cloth + leather insole) was determined at constant 
current by a potentiometric four-electrode method at given 
current strength and fixed distance between collector elec-
trodes (Figure 1).

The testing of shoes that were not worn by a man was car-
ried out with the help of Megometer of the type M4100 /3. 
The necessary contact between the sole of the shoe and the 
plate is provided by certain weight of 23 kg per female foot-
wear, 34 kg per one man’s footwear. Resistance, measured at a 
voltage of 90 volt, was in the range 250 – Om and 250 000 Om.



Section 15. Technical science

322

2. Shoe worn by a man
The test of shoes, worn by a man, was carried out accord-

ing to the scheme shown in Figure 1 on the device manufac-
tured in France – CRIT-100.

The person is connected to the first input of the device by 
handles, which he holds with his hands, and to the other side 
with a metal plate, where his shoes are. Resistance measured at 

voltage of 90 volt should be between 250000 Om and 250000 
Om. When using the device, the maximum current was 0.5 mA.

The tests were carried out in the production conditions of 
the workshop for the production of pyrotechnic products at 
a temperature of 18–20 °C and a relative humidity of 65±2%. 
The surface of the floor in the premises where the shoes were 
used was conductive.

Figure 1. Scheme for determining the conductive properties of shoes

Figure 2. Definition electrical conductive properties shoe worn by person

During the operation of shoes, two main dynamic phases 
of the behavior of electrostatic charges on the surfaces of indi-
vidual parts are manifested. Accumulation of the charge den-
sity on the material occurs inside the shoes, where the material 
is contacted on the foot with the material of the socks and the 
lining, leading to its discharge. Since socks and stockings often 
come in contact with the foot, and the material of the socks 

directly contacts the lining of the shoes, study was made of the 
effect of the socks material on the current-carrying properties 
of the footwear.

The study of used cotton, mixed (cotton – 30%, PAN – 
25%, PA – 45%) and kapron socks. Lining material – con-
ductive fabric – electrically conductive fiber EPVN-40%, 
cotton –60%.

Table 1. – Results of the study of material the effect of the of the sock on the shoes conductivity

№ Shoe size
Resistance, kOm

shoes, half-pairs Name of material socks
right left cotton Blended cloth capron

1 2 3 4 5 6 7
1. 255 9.2 8.1 100 95 90
2. 260 10 7.1 60 50 50
3. 265 13 12 50 45 40
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1 2 3 4 5 6 7
4. 265 8 8 55 60 60
5. 270 11 13 135 140 130
6. 270 13 14 175 160 170
7. 275 9 10 55 50 50
8. 275 9.5 7.5 65 60 60
9. 280 6 7 45 50 40

10. 280 11 10 50 50 40
Ср. 9.97 9.67 79 76 73

Analysis of the results of the study of the material effect of 
the of the sock on the electrical conductivity of the footwear 
makes it possible to conclude that the socks of cotton, blended 
fabrics and kapron used in socks wear have an electrical con-
ductivity of about 76 kOm average, which corresponds to the 
standard conductivity of the special footwear worn by man 
–0.2 to 250 kOm.

A complex study of the current-conducting properties of 
rubber soles based on SKMS-30 rubber, shoes not worn by 
man, and electrical conductivity of shoes worn by a man.

The results of tests to determine the resistance value of 10 
pairs of rubber soles, conductive shoes, the system – “shoes + 
socks + human body”, shown in Table 2. show that the resistance 
of current-carrying shoes increased 9 times compared to rubber 
soles, and almost 8 times less resistance of shoes wearing a man.

Table 2. – The values of the resistance indicators of the sole of SKMS‑30 rubber, 
shoes and shoes worn by a man

№ Shoe size
Resistance, kOm

shoes, half-pairs shoes, half-pairs systems – “shoes + 
socks + human body”right left right left

1. 255 1.4 1.4 9 8 100
2. 260 1.6 1.6 9 7 40
3. 265 0.8 1.0 13 12 30
4. 265 0.6 0.8 7 9 60
5. 270 1.2 1.2 12 14 140
6. 270 1.6 1.6 14 15 180
7. 275 1.4 1.0 8 8 50
8. 275 0.6 0.8 9 7 60
9. 280 0.3 0.3 3 3 30

10. 280 1.2 1.1 11 10 40
Ср. 1.05 1.08 9.5 9.3 73

Table 3 is presented the results of comparison of the nor-
mative and actual indicators of the resistance of the developed 
current-carrying shoes on the rubber sole based on SKMS-30 

rubber using conductive fabric as a liner, stitching and covering 
of the main insole. Polychloroprene glue and sock material – 
cotton – 30%, PAN – 25%, PA – 45% were used for basic gluing.

Table 3. – Results of the comparison of current conductivity of materials and footwear

Name of material Normative indicators of resis-
tance kOhm

Actual indicators of resistance, kOhm
min max

Rubber outsole 0.2–250 0.3 1.6
Shoes not wearing a man 0.2–250 3 15
Shoes wearing by a man 25–2500 30 180

Production tests of various designs of current-carry-
ing shoes on electrically conductive rubber soles based on 
SKMS-30 rubber were carried out in workshops for the pro-
duction of pyrotechnic products.

The analysis of the test results allows us to conclude that 
the design of the leather footwear of the adhesive method 

of fastening on a conductive rubber sole based on SKMS-30 
rubber with using of electrically conductive fabric as a liner, 
spacer and fitting insole corresponds to the required stan-
dards and is suitable for using as conductive shoes.
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a) the CRIT-100 b) measuring the electrical resistance of the shoes worn by person
Figure 3. Determining the resistance of shoes
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Quite often, novice and already experienced drivers face a 

number of problems while driving a vehicle. The driver needs 
to keep track of the markings on the road and see all road signs 
in order to avoid emergency and unforeseen situations. To 
facilitate the life of motorists, road sign recognition systems 
are being developed. For the first time they were installed in 
2008 on expensive cars of the BMW 7 series, and then on the 
Mercedes-Benz S-Class. Modern systems that detect signs of 
speed limits can be found throughout Europe.

The recognition of a road sign can be divided into two 
stages: the localization of the sign on the image and the pro-
cess of recognizing the localized sign. To date, many methods 
of recognition have been developed [1, 8–9].

Modern road signs are designed in such a way that the 
driver can almost immediately identify the road sign. This 
is possible due to a limited set of possible colors, geometric 
shapes and sizes. In particular, only four colors are used: white, 
red, yellow and blue [2, 484–488].

Specific conditions of illumination significantly affect the 
possibility of correct perception of the color of objects of the 
scene being shot [3, 226–228]. When shooting a real road 
situation on signs, a number of different lighting conditions 
arise, greatly complicating the detection of objects: direct 
sunlight, reflected light, shading, car headlights in the dark. 
Moreover, different distorting effects can be present on one 
road sign simultaneously.

Thus, on images obtained from a camera installed in a car, 
it is not always possible to select the area of interest by color 
by simply applying a threshold filter directly to the RGB (Red, 
Green, Blue) color space [4, 402–404].

To extract the color (red, blue, white, yellow) from the 
input image, it is necessary to use information about the color 
of each pixel, regardless of its uncontrolled light intensity. For 
these purposes, we can use the HSV (Hue, Saturation and 
Value) or HSL (Hue, Saturation, Lightness) color space.

Most digital sensors receive input images in RGB format. 
Below is its conversion formula from the RGB color scheme.
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where R, G, B – color values in the RGB color model, values 
in the range (R – red, G – green, B – blue); MAX – maximum 
of three values (R, G, B); MIN – minimum of three values 
(R, G, B); H is the hue [0; 360); S is the saturation [0; 1]; L 
is the value of [0; 1].

The HSL(Hue, Saturation, Lightness). Below is its con-
version formula from the RGB color scheme.
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L MAX MIN= +( )1
2

,
where R, G, B are the color values in the RGB color model, 
values in the range (0; 1) (R is red, G is green, B is blue); 
MAX – maximum of three values (R, G, B); MIN – minimum 
of three values (R, G, B); H is the hue (0; 360); S is the satura-
tion (0; 1); L is the lightness (0; 1).

This method of localization, which is a modification of 
the generalized Huff transformation. The developed algorithm 
shows effective results and works well with pre-processed im-
ages. Figures 1 (a) and 1 (b) show fragments of the original 
images with road signs marked on them.

а) b)
Figure 1. Example of a localized sign

Algorithm for the localization of the sign using the meth-
ods of contour analysis and the detector Canny:

1) Considering the size of the sign, we perform the de-
tection procedure based on the Canny detector with certain 
parameters (see Fig. 2).

а) b)
Figure 2. The result of the detection: a) a fixed frame; b) the image at the output of the Canny detector

Figure 3. Coordinгates of the elementary vector with 
complex‑valued coding.

2) We construct contours on the basis of the Rosenfeld 
algorithm [5, 68–71]. To form the contour, Rosenfeld’s algo-
rithm is used, which consists of several steps. The first step is 

to scan the scene in order to find the upper left boundary 
pixel of the contour. The second step is to trace the contour 
line, according to the boundary points. In the third step, we 
need to generate the code that will describe the outline. Thus, 
at the output of the Rosenfeld algorithm, a contour of the 
selected object will be formed, which is a vector of complex 
numbers Γ ={ } −

γ k K0 1,
formed according to the following 

rule, presented in (Fig. 3).
In computer vision systems, there are several ways of en-

coding the contour, the most famous of which is the complex-
valued Freeman code, in which the contour is encoded by a 
sequence of complex numbers that determine the displace-
ment of the current contour point relative to the previous one. 
Each displacement vector is represented by a complex number 
of the form a i b+ ⋅ , where a  is the displacement of the point 
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along the axis X , b  is the displacement along the axis Y , i  
is the imaginary unit. To uniquely determine the position of 
the contour in the raster, we must also store the starting point 
of the contour, which determines the position of the contour 
relative to the coordinate axes of the raster. The contours are 
always closed and can not have self-intersection. This makes 
it possible to uniquely determine the path bypassing the con-
tour (up to the direction of the by pass, either clockwise or 
counterclockwise). The last vector of the contour always leads 
to the starting point[6, 157–158].

3) For each loop found, we produce a consistent filtering 
of its length N with references contour Γ0 1 1 1={ }i i i, , , , , ,

,Γ1 1 1 1= − − −{ }, , , , , i i i ,Γ2 1 1 1= − − − − − −{ }i i i, , , , , ,

,Γ3 1 1 1= − − −{ }, , , , , , i i i , which correspond to the four 
corners of the rectangle. For this, we calculate the values of 
the reports of the mutual-correlation function between the 
current contour Γ and all standard contours Γ0 ,Γ1 ,Γ2

 and 
Γ3  using the formula[7, 528–530]:

 rl
m

n l K n
m

n

N

l
m

( )
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( )
=

⋅

⋅

+( )
( )

=

− ∗
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1

Γ Γ
, l K= −0 1, , . (1)

where Γ( )l   –norm of the contour Γ( ) ( )

,

l
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l

N
={ }

−
γ

0 1
, 

γ γn
l

n l K
( )

mod= +( ) ; Γm  – norms of the standard contours, 
m = 0 3, , .

Degree of proximity of the contour section Γ( )l  with ref-
erence contours Γ0 , Γ1 , Γ2 , Γ3  is determined by the value 
of the module of the current report of the normalized cyclic 
cross-correlation function between these standard contours 
rl

m( ) , l K= −0 1, , , m = 0 3, , . If the value rl
m( )  

greater than the threshold value U 0 , then the angle m  is con-
sidered found, and the index of the report of the normalized 
cyclic cross-correlation function with the value r Ul

m( ) ≥ 0  
will set the offset of the starting point of the contour relative 
to the reference:

 ind l r Ul
m= ≥, ( )если 0 . (2)

4) A rectangle is considered to be found correctly if its 
corners were found one after the other in the following order: 
Γ Γ Γ Γ0 1 2 3, , ,( ) , Γ Γ Γ Γ1 2 3 0, , ,( ) , Γ Γ Γ Γ2 3 0 1, , ,( )  или 
Γ Γ Γ Γ3 0 1 2, , ,( ) .

In (Fig. 4). Graphs of the values of the correlation func-
tion between the contour of the sign and the reference con-
tours are presented.

Figure 4. Graphs of the values of the cross‑correlation 
function between the contour of the quadrangular 

sign and the reference contours

5) Knowing the starting point of the processed contour, 
we find the angles of the sign.

6) Knowing the coordinates of the angles of the sign plate 
from the previous steps, we draw a sign (see Fig. 5).

Figure 5. Localized traffic sign

Despite the disadvantages inherent in contour analysis 
when merging contours of closely located objects, the meth-
ods of contour analysis are attractive due to their simplicity 
and speed. In the presence of a clearly expressed object on a 
contrasting background, contour analysis methods are good 
at recognizing the plate of a road sign.

The method of color analysis has proved itself well, for 
extraction of colors (red, blue, white, yellow), which is applied 
to road signs. The color space of HSV(Hue, Saturation and 
Value), HSL(Hue, Saturation, Lightness) was used.
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MODELING OF HEAT EXCHANGE PROCESSES BETWEEN 
RAW COTTON AND COOLANT IN A SCREW DRUM

Abstract: a mathematical model is proposed for describing the heat exchange processes between raw cotton and 
air moving together in sections of the screw, with an open area where the air temperature is constant. To describe 
the heat exchange processes between cotton and air, as well as between them and the walls of the screw, Newton’s 
law was used.

Keywords: raw cotton, feather, cotton cleaner, model, netlike surface, spiked-drum, pin, blow.
Introduction: Use for small distances (up to 20–30 m) of 

small-sized materials, which include cotton of raw materials, 
augers and calculations of their productivity are given in [1, 
2, 3]. Consider the process of drying the mass of raw cotton 
in the sections of the moving screw (Fig. 1). We believe that 
all sections of the screw are filled with the same amount of 
cotton raw material. Let’s study the drying process in each 
section of the screw. For this purpose, the process is consid-
ered stationary.

Analyses. The initial section takes a section BCD  that is 
filled with moving raw cotton. To simulate the process of dry-
ing the raw material, we accept the following assumptions:

1. Each section has an upper open area, where the air tem-
perature is constant and equal T1 ;

2. The lower part of the section is in contact with the mesh 
surface, along which, by impact and pulling of the raw with 
the pins, the raw material is purified from weedy impurities;

3. Suction of heat flow, T0  temperature is carried out 
through the mesh surface;

4. On the surface of the rotating shaft of the screw, the 
temperature is zero

5. Each particle of the flow of raw cotton moves along a 
screw line;

6. In each section, heat exchange takes place between raw 
cotton and air according to Newton’s law [4], as well as contact 
heat exchange between the raw material and the surfaces of 
the screw.

T = T1

Fugire 1. Scheme of the process for drying raw cotton mass in sections of a moving auger

Depending on the screw angle in the above assumptions, 
each section consists of separate sections, like BCD . If you 
direct the axis OZ along the axis of the screw, then the coor-
dinate of an arbitrary particle of raw cotton in the first section 
of the screw is determined by the formulas:

x r= cos ,θ  y r= sin ,θ  z
h

=
2π

θ  R r R0 1< < , 0 2< <θ π

here r  – is the polar radius, h  – the pitch of the screw, R0  and 
R1  the inner and outer radiuses of the screw.



Section 15. Technical science

330

The open part of the screw is determined by the value of 
the screw angle θ .

 0 2< <θ α  (1)
2α  – the angle of the screw, determined by the intersection of 
a cylindrical surface with a plane parallel to the axis of the screw. 
Let’s denote, T v1 , T x1  – the air and cotton temperatures in the 
first section of the screw with the open part (R r R0 1< < , 
0 2< <θ α ). Through T v2 ,T x2  similar values in the closed part 
of the section R r R0 1< < , 2 2α θ π< < , where the cotton raw 
cotton particles contact the mesh surface. We believe that the 
air temperature T v1  in the section R r R0 1< < , 0 2< <θ α  post-
poned and equal T1 , the temperature of raw cotton does not 
depend on the polar coordinate r . The movement of raw cotton 
particles Oz  and air occurs along the axis and their velocities 
are equal to v vx v= = hω π/ 2 .

According to clause 6 and taking into account the equali-
ties dT

dt
v

dT
dz h

v
dT
d

iv
v

iv
v

iv= =
2π

θ
 and dT

dt
v

dT
dz h

v
dT
d

ix
x

ix
x

ix= =
2π

θ
, 

T x1 , T v2  and T x2  satisfy the stationary heat equation:
on areas with a free surface:

 T Tb1 1=  under 0 2< ∠θ α  (2)

 2 1
1 1

π
θ

α
h

c v
dT
d

T Tx x
x

bx x= −( )  under 0 2< ∠θ α  (3)

2 2
2 2 11 0 2

π
θ

α β
h

c v
dT
d

T T S T Tb b
b

bx x b b b= − + −( ) * ( ) under 2 2α θ π∠ ∠ (4)
2 2

2 2 12 0 2

π
θ

α β
h

c v
dT
d

T T S T Tx x
x

bx b x x x= − + −( ) * ( ) under 2 2α θ π∠ ∠  (5)

where, cb , cx  – is the specific heat of air and raw cotton, αbx  –
the coefficient of convective heat exchange between air par-
ticles and raw cotton, βb  and βx  – the coefficients of contact 
heat exchange between the mesh air and raw cotton particles 
for the air-cotton mixture, respectively, S m S1 1= −( ) , S mS2 = , 
m  surface contacting with the particles of raw cotton S  – the 
total contact area of the screw with the mesh, Equations (3) 
– (5) are given to the types:

 dT
d

a T a Tx
x

1
1 1 1 1θ

+ =  under 0 2< ∠θ α  (6)
dT
d

c T a T b Tx
x b

2
1 2 1 2 1 0θ

+ − =

 dT
d

c T a T b Tb
b x

2
2 2 2 2 2 0θ

+ − =  under 2 2α θ π∠ ∠  (7)

Where c a b1 1 1= + , c a b2 2 2= + , a cvx x1 =α ω/ , a cvx b2 =α ω/ , 
b cx x1 = β ω/ , b cv v2 = β ω/

Equations (6) and system (7) are integrated under the 
following boundary conditions:

 T Tx nx1 =  under θ = 0 ,, T Tx x2 1 2= ( )α , T Tv2 1= , (8)
solutions of which have the form
 T T T T ax nx1 1 1 1= − − −( )exp( )θ , T Tv1 1=  under 0 2< ∠θ α  (9)
 T A k B k Tx2 2 1 2 2 02 2= − + − +exp[ ( )] exp[( ( )]θ α θ α , (10)

T A k B k Tv2 2 1 1 2 2 2 02 2= − + − +χ θ α χ θ αexp[ ( )] exp[( ( )]  under 
2 2α θ π∠ ∠  (11)

Where

k
c c c c c c a a

1 2
1 2 1 2

2
1 2 1 24

2,

( ) ( )
= −

+ ± + − − ,

χ1
1

1

=
+k c
a

i ; χ2
2 1

1

=
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A
T T T Tx

21
2 1 0 0 1 0

2 1

2
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[ ( ) ]
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− − +
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χ α
χ χ
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B
T T T Tx

21
1 1 0 0 1 0

1 2

2
=

− − +
−

χ α
χ χ

[ ( ) ]

Equations in other sections have a similar form (6) and 
(7), which are integrated under the following conditions 
T T iix i x2 2 1 2 2 2= − += (( ) )π α , T T ii x i x2 1 2 2 2+ −=, ( )π  i n=1.... . The so-
lution of equations (6) and (7) can be determined from the 
recursive formulas

T T T T ax x3 1 1 2 12 2= − − − −[ ( )]exp[ ( )]π θ π , T Tv3 1=  under 
2 2 2π θ α π< < +

T A k B kx4 4 1 4 22 2 2 2= − − + − −exp[ ( )] exp[ ( )]θ α π θ α π ,
T A k B kv4 4 1 1 4 2 22 2 2 2= − − + − −χ θ α π χ θ α πexp[ ( )] exp[ ( )]

under 2 2 4α π θ π+ < ∠
T T T T ax x5 1 1 4 14 4= − − − −[ ( )]exp[ ( )]π θ π , T Tx5 1=  under 

4 2 4π θ α π< < +

T A k B kx6 6 1 6 22 4 2 4= − − + − −exp[ ( )] exp[ ( )]θ α π θ α π ,

T A k B kv6 6 1 1 6 2 22 4 2 4= − − + − −χ θ α π χ θ α πexp[ ( )] exp[ ( )]  
under 2 4 6α π θ π+ < ∠

T T T T i a ii x i x2 1 1 1 2 2 12 2 2 2− −= − − − − − +( ( ) ]exp[ ( )], π θ π π , 
T Tv3 1=
under 2 2 2 2 2ιπ π θ α π π− < < + −i
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Figures 2–5 show the curves of the temperature change 

of raw cotton (Fig. 2, 3) and air (Fig. 4, 5) from the screw 
angle θ  for two values of the temperature of the agent T K1( )  
on the open surface part and the number of the screw section 
n . In the calculations it is customary: h м= 0 3. , 
с кджч = ⋅2 5. / кг град , с кджv = ⋅1 5. / кг град , T K0

0290= , 
T Kxn = 2850 , ω = −25 1c ,αxv ч град= ⋅ ⋅ ⋅3 104 кдж/м3 , 
βx кдж ч град= ⋅ ⋅−10 5 / м2 , α = 300 , 
βv кдж ч град= ⋅ ⋅ ⋅−1 6 10 5. / м2 .
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Figure 2. Changes in the temperature of raw cotton T Kx

0  along the helical screw line T K1
0410=  with the number 

of sections n = 6  and n =12

 
Figure 3. Changes in the temperature of raw cotton T Kx

0  along the helical screw line T K1
0420=  with the number 

of sections n = 6  and n =12

 
Figure 4. Changes in the temperature of raw cotton T Kx

0  along the helical screw line T K1
0410=  with the number 

of sections n = 6  and n =12

 
Figure 5. Changes in the temperature of raw cotton T Kx

0  along the helical screw line T K1
0420=  with the number 

of sections n = 6  and n =12
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Analysis of the curves of the temperature variation of raw 
cotton (Fig. 2, 3) shows that with the growth of the screw 
angle, the temperature of raw cotton first varies according to 
a law close to linear, and then the intensity of temperature 
growth decreases. The growth of the temperature of the ther-
mal agent on the free surface of the screw leads to an intensive 
increase in the temperature of the raw cotton in the initial sec-
tions of the screw and then the character of the temperature 
change from the screw angle remains unchanged.

Conclusions: From the analysis of the curves presented 
in Figures 4 and 5 it follows that the constancy of the tempera-
ture of the air (agent) on the open part of the screw leads to a 
sudden change in the temperature of the air particles moving 
along the helical line. With each revolution, the air tempera-
ture in the screw sections decreases with the approach to the 
lower part of the screw and with the increase in the number of 
sections it approaches the temperature of the agent. Thus, in 
contrast to the temperature of the raw cotton particle, which 
continuously increases as it moves along the helix, the air 
temperature changes periodically with a damped amplitude.
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QUESTIONS OF EDUCATION AND STRENGTHENING OF THE 
VOLUME FORM WHILE MANUFACTURING THE INTEGRATED FUR 

ARTICLES WITH CONTENT OF POLYMER COMPOSITION

Abstract: The article presents the results of analytical studies of the issues of forming and use of polymer com-
positions, providing the given form stability and reliability, meeting the modern requirements of industrial produc-
tion, the efficiency of their use in production conditions. In this case, the processing of seamless parts of garments 
made from textile materials and all-molded articles made from natural fur, followed by obtaining the desired shape 
by using the deformation properties of natural raw materials.As a result of the conducted analysis of the research 
recommendations were given on the use for the reinforcement of all-molded parts of the product using a polymer 
composition, which makes it possible to improve the quality and form-stability of clothing components and the 
economic efficiency of production.

Keywords: polymer compositions, deformation properties, shape stability, natural fur, whole-molded products, 
relaxation, reliability of results, resource-saving.

Introduction: Modern methods of shaping and form-
fixing presuppose the use of methods of targeted influence due 
to changes in the properties of the location of the yarns relative 
to each other and of the fabrics in the course of technological 
processing of articles, fixing deformations with the help of a hot-
melt cushioning material, also using as a form-fastening gasket 
for reinforcing the polymer composition on the surface of the 
semi-finished product details of the product [1–3].

Quality and durability of garments during operation are 
largely determined by the ability of textile and other materials 
to form and form fixation.The method of obtaining the three-
dimensional form of garments and the method of shaping in 
each specific case are determined individually and depend on 
the properties of the initial materials: the fibrous composition, 
the structural characteristics of the material, the structure and 
the method of production of the constituent filaments, as well 
as the relief surface, density and thickness.It is established [4–
7] that the main indicator of molding properties of materials 
is their ability to change the network angle of filaments or 
conditional geometric parameters. As a result of studies of 

textile materials, it is established that the dependence of the 
molding capacity of tissues on the characteristics of the rap-
port, the diameter of the threads, the cohesion coefficient, etc.

Objects and methods of research: We consider the 
change in the structure and dimensions of textile materials 
with different methods of molding.

A classification that distinguishes five ways of shaping the 
parts of an article (stretching, bending, compressing materials 
across the thickness, forced shrinkage and changing the angles 
between the yarns of the fabric) is incomplete in the applica-
tion to the production of garments. Depending on the equip-
ment used, the molding of parts and the final wet-heat treat-
ment (WHT) of products can be carried out in the following 
ways: ironing, pressing, steaming on a steam-air manikin.

The type of deformation of the material determines the 
type of molding, and not the method, respectively. Depending 
on the method of obtaining the development of parts of cloth-
ing in the molding process, various tasks are solving. In the 
case when the deformations necessary to obtain a given shape 
are embedded in the design, the main thing is the fixation of 
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the form, and in another case – the creation of the form due 
to the forced deformation of the fabric (tutuying and pulling) 
and fixing it with the help of the WHT.

Results and discussion: Textile material is elongated 
due to straightening, and then at more significant loads – due 
to stretching of threads.The threads of the perpendicular sys-
tem receive a bend, as a result, in this direction the material 
narrows, i. e. there is a decrease in its transverse dimensions.
Thisistypicalforalltextilematerials. Thedimensionsinthemid-
dleofthematerialdecreasemostsignificantly.This property of 
materials is evaluated by the coefficient of transverse reduc-
tion K, which is defined as the ratio of the relative contraction 
of the tissue to its relative elongation.

The coefficient of transverse contraction increases with in-
creasing elongations depending on the direction of stretching.

When stretched in the direction of the warp or weft, the 
transverse contraction is explained by the straightening and 
elongation of the stretchable yarns, and by the increase in the 
bending of the arranged yarns transversely to them.

When the fabric is stretched in different directions, its 
overall elongation is due to straightening of the filaments, their 
elongation as a result of the movement and stretching of the 
fibers, and also due to a change in the angle between the warp 
and weft threads.

The mechanism of changing the linear dimensions of tex-
tile materials when bent and at an angle to the filaments is 
similar to the mechanism when it is stretched, but the change 
in linear dimensions occurs more intensively due to shrinkage 
of the filaments. When the fabric is stretched in the direction 
of the yarn, shrinkage reaches its maximum value, as a result 
of which the shortening of the tissue in this direction is great-
est. Just as with stretching, the largest reduction in the size of 
the tissue when tuturation is achieved along the diagonal of 
the tissue cell, i. e. when the ability of the fabric to change the 
angle between the threads is fully utilized.

The largest change in dimensions in textile materials (elon-
gation, contraction) occurs with a change in the angle between 
the filaments, which is practically used in the shaping of whole-
cut and all-formed parts of garments. Therefore, the ability of the 
fabric to vary the angle between the warp threads and the weft 
is identified as the main molding property of textile materials.

WHT processes are mainly carried out with the help of 
presses and steam irons. When pressing on the semi-finished 
product, the top and bottom cushions of the ironing press op-
erate simultaneously. The required temperature regime is usu-
ally provided by the upper cushion. Great importance in the 
pressing process is played by moisture in the form of steam, 
which is a heat carrier and a kind of plasticizer, contributes to 
the intensification of WHT processes and is therefore widely 
used in the processing of garments. Under the influence of 

heat and moisture, the process of transferring fibers to a highly 
elastic state occurs, and in this form the fabric is deformed at a 
certain pressure, and the technological effect achieved is fixed 
by subsequent drying and cooling, which ensures the duration 
of preservation of the shape attached to the product [1, 2, 7].

It is known that the WHT process is a complex of thermo-
physical processes (heat transfer, moistening, shaping, pres-
sure, drying) that occur over a period of time in textile materi-
als or a bag of clothing with simultaneous thermal, moisture 
and mechanical effects used to obtain a stable deformation in 
the parts of the product. However, studies indicate a lack of 
WHT to obtain sustainable forms. This is evidenced by the 
practice – when you wear clothes over time, the relaxation pro-
cess proceeds, and part of the fixed deformation disappears.

The methods proposed to stabilize the forms attached to 
the details of clothing are based on the use of fundamentally 
different possibilities. To obtain stable deformations, an inter-
vention is undertaken in the molecular structure of the fiber, 
or a “rough” structure of the tissue and filaments is fixed. Such 
treatments are always additional and duplicate WHT, which 
in this case plays a major role in shaping [8–10].

The fastening of the “rough” structure of the material is 
realized by the technological method of increasing the form 
stability. The technological method consists in introducing ad-
ditional technological operations in the manufacture of prod-
ucts. In the practice of garment production, fixing deformations 
of the formed fabric by gluing the edges, fixing the shape with 
the help of various reinforcing adhesive grommets is applied. 
When using adhesive glues with adhesive coating, the material 
stiffness increases, which is highly undesirable in some parts of 
clothing items, for example, shelf, sides, collars. However, with 
this method of fixing deformations of textile materials, their 
ability to deform significantly decreases, which on most parts 
of clothing is unacceptable from the point of view of ease in 
wearing, for example, the details of the sleeves, the back.

The process of fixation of the “fine” structure of the mate-
rial consists of the destruction of old intermolecular bonds, 
deformation and displacements of macromolecules in accor-
dance with deformation of the material, filaments, fibers, res-
toration or creation of new bonds between macromolecules 
in their new position.

The method of surface stabilization of linear dimensions 
and shapes of parts of garments is based on the use of hot-melt 
reinforcing materials without a textile carrier – polymer nets. 
The structure of the hot-melt reinforcing material is funda-
mentally different from the current range and determines its 
multifunctionality. The stabilization effect is achieved when 
the parts are duplicated with a polymer mesh, and the duplica-
tion can be performed front-to-back or simultaneously with 
the process of forming the parts.
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Conclusions: Thus, for products made of leather and 
fur, it is promising to use collagen-containing polymer com-
positions (CMC), which in liquid-phase consistency can be 
applied to a semi-finished product of a complex spatial form. 
The process of obtaining CMC begins with the chemical 
treatment and decontamination of the waste of leather pro-
duction [11–15]. From the fibrous collagen mass, tanning 
agents and plasticizers, a molding mixture is prepared. The 
plasticity necessary for molding is provided by the introduc-

tion of water. From the mixture, volume or flat parts with 
a given configuration are formed. Features CMC make it 
possible to form details of clothing with specified properties. 
Depending on the requirements for details of clothing, the 
properties of CMC can be varied by changing the composi-
tion of the mixture or the molding parameters. In this regard, 
the boundaries of the design of clothing components are 
widened, material and labor costs are reduced.
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Introduction. It is no secret for anyone that the country with high energetic potential is big opportunity for growing of 
economics.

In this case, energy of the water is main resource which 
given us by nature for free. Energy of the water flow is widely 
used in all sectors of the national economy. Various publica-
tions were published in term of this topic [1, 2, 3, 4 et all.].

Innovative technologies are one of the most pressing issues 
in the modernization of technology and technology in modern 
irrigation and the use of resource-saving equipment. This article 
discusses the principle and function of small-water buckets.

Water boosters are devices for water transmitting to 
specified distance. In the history of humanity, different 
types of water boosters have been widely used. Today, wa-
ter boosters started widely used in a different branches of 
national economy, including irrigated agriculture, water sup-
ply, chemicals, oil industry, construction, and other areas 
[1, 3 et all.].

Figure 1. Achimed screw Figure 2. Nora (Claw)
Depending on the principle and structure of the water 

elevators, it can be divided into two types of flammable and 
non-flammable. Mission of non-flammable water elevators is 
to change the potential energy of the stream; they are Arximed 
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screw (Fig. 1), various types of elevators (Fig. 2), linen, noriya 
and others. In non-flammable water elevators it is possible to 
to lifting and transfer water to a certain distance by changing 
the specific state energy of the stream. During the develop-
ment of the society, the construction of non-flammable water 
elevators is also improved.

For activation of Archimedes screws were used hand force 
or windmills. When the spiral screw is activated, the water 
rises upward along the pipe and placed into a reservoir.

In Nor it is more complex system for crankcase operation, 
in this operation uses source of the power for activate it.

In history water users used old water taking methods for 
withdrawing water from wells, after all those methods devel-
oped and investigated many modern equipments as Archimedes 
screw, noria and chimneys. The peculiarity of these devices it is 
possible to lifting the water by changing the energy of stream.

In water lifters with density water can be pumped by 
changing the potential and kinetic energy of the stream. This 
type of water lifters can include intruder water pipe, water 
booster, hydraulic circuit breaker, etc. [1, 2, 3, 4 and other].

The difference of this type of water lifters from water 
pumps are – there are no water turning mechanism in it. And 
construction of the equipment is very simple. The simplicity 
of the construction and the lack of direct interaction with the 
flow will give possibility to transfer all kinds of liquids and 
particles in the fluid.

In irrigation widely uses air lifters for water and mud re-
moval from wells. The principle of the operation of the air 
elevators is shown in the following figure (Fig. 3). The water 
lifting pipe which sets below the water level 6 is connected 
to the tube 2 and gives air under the pressure. As a result, it 
will formed mixture of water and air, and the density of the 
mixture is less than the air density. It gives the fluid possibil-
ity to rise upward with air. After the flowing into the open 
reservoir, water and air are separates. Water is transmitted to 
the consumer via pipe 6. This process takes place as a result 
of the change the potential and the kinetic energy of the flow 
[1, 3 and etc.].

The water elevator’s navel is determined by the following 
formula:

H
h см

см

=
−( )ρ ρ
ρ

There: h  – the depth of the tube from the water level; 
ρ  – water intensity

ρсм  – air and water density
The water discharge of the air elevator is determined by 

the following formula:
Q

H
Q hхаво= +η

10
0 1 1ln( , )

There: η  – CUW of elevator; Qхаво  – the amount of air 
delivered;

Figure 3. Erlift

1 – printing reservoir; 2 – ressiver; 3 – compressor; 4 and 
5 – pipes for water and air; 6 – water-air mixture; 7 – forsunka; 
8 – depression line; 9 pipe for reservoir.

The above equations show that there is a clear link between 
water consumption and pressure. As the pressure increases, the 
consumption of water decreases and vice versa. Thus, it is neces-
sary to analyze the factors characterizing these two parameters 
to ensure optimum operation of the water elevator.

By using the above parameters, it is possible to improve 
and to evaluate the construction of the water elevator based 

on the following parameters: relative expenditure Q Q
хаво  and 

relative depth h
H

.
Together with this in different sphere of techniques 

there were uses number of liquid transfer devices based 
on resource-saving technologies. One of them is steamers 
[1, 2, 3, 4 and others].

In the case of a sturdy water-operated worker, a vacuum 
can be produced in the chamber by working fluid and rises to 
a certain height due to the difference in water pressure.

In working principle of the steamer with the help of work-
ing steam there were creates pressure and thanks of difference 
of pressures liquid moves up. The complexity of the use of 
such water lifting device is considered to be a low efficiency 
factor. At the same time, confortability of the device is sim-
plicity of the construction and the availability to use preasure 
of water and air.

The working principle of operating steamer lifts, is simi-
lar with air steamers but it has its own constructive elements 
[1, 2, 3, 4, 5 and others].
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Figure 4. Scheme of Straight Water Lifting Device

In general, if we describe the process schematically (Fig. 4), 
then the water elevator parameters are as follows: 1 – Working 
fluid pipeline; 2-active bush; 3 water supply pipes; 4 access 
points; 5 interference cameras; 6- diffuser; 7- gay; 8- the con-
necting part.

Pressure which created by working stream were called 
working pressure. Working pressure is the main source for 
activate of work of device and will calculate depending on 
the difference in the input current (1–1) and output (2–2):

 Н
p

g
p

gр = + − −1 1
2

2 2
2

2 2γ
υ

γ
υ  (1)

Useful preasure: preasure which created in water lifters:
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In such water lifters have a lot of energy loss due to hydrau-
lic resistance. The loss of preassure happens during the merging 
of the streams, the water-bearing worker’s part (diffuser).

It is important to note that the flow of water Q3 is depen-
dent on the distance between the active tube (soplo) and the 
mixing camera (L).

In order to fully evaluate this process, laboratory studies 
have been carried out. In calculating the optimal values of the 
above parameters, we write the basic parameters of the process 
based on the modeling requirements.

Comparative pressure: Н
Н

Н H
к

к p

=
+

Comparative consumption or Injection coefficient: 
q

Q
Q

= 3

1

 Then with using above equation will write the follow-

ing expression for CUW:
η =

⋅
−

q H
H( )1

Geometric parameters of the working chamber of water 
lifter describes as:

D
d d

d
=

−0
2

1
2

1
2

It is known, that the efficiency of the injection pump de-
pends on the movement of the stream in the chamber. Con-
structive parameters of the injection pump are determined 
on the basis of the length of the runoff (stroke) output. In a 
number of studies, [1, 2, 3, 4 and b.], shown that the length 
of the fly of the flow should be determined in relation to the 
coefficient of the injection.

In the laboratory, the experiments were carried out on a 
specially-designed device. In experiments, the working regime 
of water lifters was tested by changing the working preassure 
from 1m to 10 m.

The experiments were aimed at determining the optimal 
parameters of the water lifting device, measuring the hydrau-
lic parameters of the water-bearer for different values of the 
distance (∆L) between the active soplo and the mixing cham-
ber. The experimental results show that the highest water con-
sumption Q3  rates are achieved.

The results are shown in (Figure 5). Graphs show that the 
correlation of the injection coefficient varies according to the 
margins, in various values coefficient injection grows to maxi-
mum. According to the experiments the optimum operation 
parameter equal to injection coefficient of 0.48 to 0.78 (Fig. 5). 
Based on experiments, observed and got pressure characteris-
tics Q f H1 1= ( )∆  (table 1).
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The highest value of water consumption Q3  was consid-
ered as the optimum working regime of water lifter. The table 

below shows the parameters of water lifter which works in 
optimal value of ∆L.

Table 1. – Hydraulic parameters of water lifter

N Р, at 10–3 Qp, sm3/s Q1, sm3/s Q0, sm3/s Н q
1. 200 407 239 686 0,31 0,59
2. 300 493 305 925 0,23 0,62
3. 400 593 367 1078 0,18 0,62
4. 500 637 500 1312 0,15 0,78
5. 600 742 550 1434 0,13 0,74
6. 700 838 574 1574 0,11 0,68
7. 800 950 591 1779 0,10 0,62
8. 900 1065 687 2136 0,09 0,65
9. 1000 1108 733 2463 0,08 0,66

Figure 5. Determination of the optimal parameters of the steamer.

Figure 6. The graph for determining the length of the stroke
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Theoretical studies shows that the distance between the 
active soplo and the mixing camera ∆L is equal to the length 
of the runoff (stroke) Lc . Based on the findings obtained new 
equation to determine the runway length:

L / d qс = ⋅ +2 71 0 78, ,
Based on the findings, proposed new design of the In-

jection Water Pumper and obtained Intellectual Property 
Agency Patent (FAP 01137).

In case of optimal operation improved construction of 
water steamer according to the laboratory experiments and 

theoretical investigations. The proposed facility belongs to 
water lifting technologies and intended to lifting of drainage 
and filtration waters in the wells.

As summary one can say, the widespread introduction of 
water lifters in irrigated farming, on the one hand, gave pos-
sibilities of development of resource-saving technologies in 
irrigation and, on the other hand, will lead to the moderniza-
tion of water transmission technology.
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In the conditions of constantly growing prices for fuel 
and energy resources (FER) and the deficit at all oil and 
gas producing enterprises of the Republic of Uzbekistan, 
the Energy Management System (EMS) – management and 
optimization of energy consumption and energy costs – is 
becoming especially important. Recognizing the importance 
of energy as a resource that requires the same management 
as any expensive product is the first step towards improving 
energy and environmental efficiency. EMS is a constantly 
operating energy management system that allows to signifi-
cantly optimize energy consumption, forecast and control 
the processes of generation, transportation and use of the 
necessary amount of energy resources to support the eco-
nomic activities of the facilities. EMS is a complex of inter-
related and interacting elements (organizational arrange-
ments, technical means and software and methodological 
support) aimed at the formation of energy policy, setting 
goals and developing activities to achieve these goals.

EMS allows management to make operational manage-
ment decisions aimed at consuming the minimum required 
amount of fuel and energy resources. The functional model 
of EMS is shown in Figure 1.

Based on the functional model of EMS, as well as on the 
basis of a methodology known as the cycle of continuous im-
provement, the process of energy management can be repre-
sented as:

 EM = (PN, PP, PIF, PMA, ADM) (1)
where PN is the process of normalizing energy indicators and 
calculating standards. PP is the process of energy planning and 
forecasting, PIF is the process of implementing and function-
ing of EMS tasks, PMA is the process of monitoring and ana-
lyzing the functioning of EMS, ADM is analysis by decision 
makers on continuous improvement of the performance of 

EMS in accordance with energy policy. Let us consider the 
process of solving the EMS functional problems [1].

The process of rationing fuel consumption in EMS. Analysis 
of the work of oil and gas enterprises of Uzbekistan shows 
that they have considerable reserves of fuel and energy saving, 
which should be realized with the aim of increasing energy 
efficiency. To a large extent, this depends on the effectiveness 
of economic instruments for increasing energy efficiency, such 
as rationing energy consumption, energy tariffs, material in-
centives for energy efficiency, etc. Energy standards should 
reflect the optimal technological and energy regimes for load-
ing equipment. When developing norms for energy consump-
tion, the following should be taken into account: – equipment 
performance; – technological parameters, characteristics of 
raw materials and materials; – graphics of equipment opera-
tion during the shift, day, week and month. This is important 
for accounting for losses during launches, to take into account 
the possibility of using secondary energy resources and other 
energy-saving reserves.

Rationing should be aimed not only at saving energy, but 
also at improving technological processes. For this purpose, ra-
tioning should cover all elements of the technological process. 
For energy-intensive processes, it should be detailed, and for 
small consumers it is permissible to increase the standardiza-
tion. When developing norms, energy consumption should be 
taken into account not only for basic, but also for auxiliary pro-
duction needs (lighting, heating, ventilation, water supply, etc.).

The norms of energy consumption, as noted earlier, 
depend on a number of factors, for example, on the level of 
loading of the main equipment of the enterprise, which can 
change during the year. In this case, we can talk about the 
need for differentiation of the norms for the seasons of the 
year. Decrease in the load can occur due to the decline in 
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industrial production, due to a decline in market demand for 
manufactured products. There may be other factors that affect 
the amount of specific energy consumption. In this case, it is 

appropriate to raise the question of the development of energy 
characteristics, which express the dependence of the specific 
energy expenditure on these or other factors [2].

Figure 1. Diagram of the functional model of EMS

The process of planning fuel consumption in EMS. The most 
important complex tasks in EMS are the tasks of energy plan-
ning and the calculation of planned consumption of fuel and 
energy resources on the basis of reliable calculated norms and 
standards. The energy policy of the oil and gas industry en-
terprises largely depends on the quality of their long-term, 
strategic, current and operational energy planning, which are 
closely related to energy analysis and the definition of basic 
criteria. And also depends on the indicators of energy effi-
ciency, the setting of goals, objectives and the development 
of action plans necessary to achieve results to improve energy 
performance in accordance with the energy policy of the en-
terprise. In this regard, the development of management deci-
sions in operational energy planning is becoming urgent, as 
in planning there arises the need to find and make managerial 

decisions to achieve the goals set with rational allocations of 
FER, minimal costs and losses. In the course of the energy 
planning of the enterprise, it is necessary to achieve the full 
volume of production and employment of available resources, 
which in turn implies the optimal use of fuel and energy re-
sources, production assets, inventories, working hours, tech-
nological methods, money resources, information opportuni-
ties and other factors [3].

These goals can be achieved by making management de-
cisions that are oriented to the future. Therefore, planning in 
a broad sense has the content of the formation of managerial 
decisions based on systemic decision-making. At the level 
of production enterprises in the oil and gas industry, both 
prospective energy planning (forecasting) and current en-
ergy planning are implemented, as well as operational energy 
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planning as a detailed elaboration of the development of the 
current energy plans of the enterprise as a whole, its deposits, 
large production units up to the process units.

Monitoring process and analysis of the functioning of EMS. 
For the implementation of the procedure for monitoring, 
measuring and analyzing the key characteristics of opera-
tions that determine energy performance, FER consump-
tion accounting systems are used. The main purpose of such 
accounting systems is the automated collection of factual 
data about consumers’ facilities. The accounting system per-
forms the following functions: – obtaining operational and 
accurate information on the consumption of all types of en-
ergy; – accumulation, processing and analysis of informa-
tion on energy consumption and the parameters of the func-
tioning of the electrical subsystem; – forecasting of energy 
consumption; – timely response to emerging problem and 
emergency situations; – control costs for the use of electric-
ity, because – this is the way to save it, and therefore has a 
real financial result; – centralized collection of information 
on energy consumption in order to optimize energy con-
sumption costs and their long-term planning; – monitoring 
of emergency situations in the operation of the device; – 
providing accurate and truthful information to the end user 
about the energy resources used by them. The application 
of the accounting system minimizes the expenses necessary 
for monitoring energy consumption in the building, such 
as additional equipment or the appointment of responsible 
persons.

The decision-making process (PPR) in EMS. When imple-
menting the EMS’s functional tasks, the PPR is carried out to 
develop and implement measures aimed at achieving econom-
ic performance. Under Decision Support Systems (DSS) we 
mean an automated system that allows us to use data, knowl-
edge, objective and subjective models for analyzing the solu-
tion of weakly structured problems. As a result of the analysis, 
a conclusion is made about the need to implement the DSS 
for knowledge-based EMS, and it is necessary to use models 
and methods of intellectual information processing to extract 
knowledge about the process of using and consuming energy.

Such DSS will be considered as a hybrid of the intellectual 
system of support for decision-making in energy management 
systems and a system of corporate reporting and analysis for 
managing the efficiency of EMS.

The decision-making process is a key process that influ-
ences the quality of the products or services produced, the 
enterprise development strategy. In Figure 2, we present a 
universal algorithm for solving the problem of the decision-
making process, establishing the set and sequence of steps in 
the decision-making, and we will designate the main actors of 
this process and their role. The universal algorithm for solving 

DSS tasks consists of several stages and is a multi-stage itera-
tive procedure.

Necessity of decision-making arises at occurrence of a 
problem situation (a stage occurrence of a problem situation). 
In this case, the problem is identified (steps of a meaningful 
description of the problem – definition of constraints), i. e. a 
meaningful description of the problem is given, the desired 
result of its solution is determined, and the available limita-
tions are evaluated.

In the next stage, the problem of making a decision is for-
mulated (stages of a meaningful description of the problem – 
the formulation of the decision-making task). For this, it is 
required to define a set of possible solutions (alternatives). 
Depending on the problem under consideration, the number 
of possible variants of the solution can be several units and can 
reach tens, hundreds and even thousands. Theoretically, the 
number of options considered can be infinite. In order to fully 
describe all possible solutions, it is usually necessary to collect 
and analyze various information pertaining to the problem 
and alternative ways of solving it. The absence or inability to 
obtain the necessary information can make the problem un-
solvable. In such cases one has to return to the original formu-
lation of the problem and change its description. Such a need 
can arise at all the previous stages of the decision process. In 
complex choice situations, it may also be necessary to develop 
a special model of the problem situation in order to obtain a 
simplified model solution to the problem with its help.

The second stage ends with the formulation of the deci-
sion-making task. It should be noted that a detailed, mean-
ingful description of the problem being solved, already at the 
first stage, largely determines the possible approaches to its 
solution and can immediately lead to the formulation of the 
problem of making a decision, bypassing all or; many of the 
subsequent stages.

Having formulated the problem of decision-making, they 
pass to the decision of the decision (the stages of choice / de-
velopment of the method of solving the problem – the choice 
of the most preferable option).

This stage includg to specially selected or constructed 
criteria, reflecting the features of options important for the 
participants in the selectioes, first, the selection of a method 
for solving a problem from already known or developing a 
new method; secondly, the very decision process itself, which 
consists in evaluating and analyzing the various solutions and 
choosing the most preferable among them. In a number of 
problems obtaining the final result does not present great 
difficulties. However, these are often rather complicated and 
time-consuming procedures that require the knowledge and 
skills of many people and the capabilities of modern compu-
tational techniques.
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Figure 2. Diagram of a universal algorithm for solving the DSS problem
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At the same time, even after passing through the stages of 
the process of solving the problem, it is not always possible 
to make the final choice. There are situations when you can 
not find a better solution. The desired option may simply not 
be in place. Then you can either change the wording of the 
initial problem (the stage of changing the formulation of the 
problem), or go back to the previous stages and collect the 
necessary additional information, make changes in the formal 
formulation of the problem or the model of the problem situ-
ation, expand or narrow the number of the considered alterna-
tive, to construct new variants.

In any case, the search for a better solution, even if it did 
not lead to a positive result, will not be useless. O may prompt 
a new understanding of the problem in question, pay attention 
to some new aspects that need to be taken into account, and 
point out other ways of solving the problem.

If an acceptable variant is found, then the stage of imple-
mentation of the decision (stages of implementation and 
control of the decision taken, evaluation of the result of the 
solution of the problem), at which the implementation of 
the decision takes place, the control over the implementa-
tion process is carried out and the result of the resolution 
of the problem situation is assessed. Strictly speaking, this 
stage does not belong to the decision making procedure. 
However, the inclusion of the execution of a solution in a 
general scheme is important from the methodological and 
practical point of view, as this stage closes the life cycle of 
the process of the emergence, resolution and disappearance 
of the problem situation. In addition, the implementation of 
the adopted decision may pose a new problem requiring the 
search for its solution.

The task of making a decision is to form a set of possible 
options that provide a solution to a problem situation under 
existing constraints, and identify among these options one 
best or several preferred options that meet the requirements 
for them. Formally, the problem of making a decision can be 
written down in the following generalized form:

 DS = (PO, AI, AC, CУ, DSS) (2)
PO  – a set of possible options from which to choose. 

These can be real variants, depending on the context of the 
problem, objects, candidates, ways of achieving goals, actions, 
decisions, etc., or a hypothetical set of all theoretically pos-
sible variants, which may even be infinite. We emphasize once 
again that the choice arises only when there are at least two 
possible solutions to the problem.

AI – a set of indications (attributes, parameters) describing 
the variants and their distinctive features. As indicators, first, ob-
jective indicators that characterize certain properties inherent 
in the options, and which, as a rule, can be measured; secondly, 
subjective assessments, which are usually given accordinn.

AC is the set of conditions that limit the range of accept-
able variants of the solution of the problem. Restrictions can 
be described both in a meaningful way and in the form of some 
formal requirements for options and / or their attributes. For 
example, this may be a restriction on the values of a feature or 
a different degree of characterization of the characteristic for 
certain variants, or the impossibility of simultaneously com-
bining certain values of signs for actual variants.

DSS – the preferences of one or several decision-makers, 
which serve as a basis for evaluating and comparing possible 
solutions to the problem, selecting acceptable options and 
searching for the best or acceptable option. It is often enough 
to simplify the formulation of the decision-making problem, 
some of the information describing the preferences of deci-
sion-makers turns into limitations [4].

The problem of making decisions will be considered in 
the formulation known in artificial intelligence – search in 
the state space. In general, the problem is formulated as fol-
lows: an initial state or subset of such states is defined, a final 
state or subset of such states, and a set of rules for transform-
ing states. It is required to find a sequence of transformation 
rules, possibly satisfying certain requirements, which allows 
you to convert the initial state to the final one. If the desired 
sequence must satisfy the requirement of optimality, then 
we have the problem of finding the optimal solution, if the 
admissibility requirements are the problem of finding an 
admissible solution.

The formulation of the DSS proposed below is somewhat 
different from the formulation (2). So DSS is a tuple:

 DS = (S, Sν, Sn, Sk, R, Q) (3)

S is the set of states (situations), called the universe, Sν  S 
is the subset of possible states, respectively Sν  S is the subset 
of impossible statses Sν is the set of admissible states; Sn   S is 
a subset of the initial states; Sk 

 S is a subset of finite states; R: 
S → S is a finite set of transformation rules, each rule Ri 

 R is 
a function realizing the map Ri: Si → S, where Si is the domain 
of definition Ri. It is assumed that the rule Ri is applicable to 
the state S  S if S  Si; Q is the set of criteria for estimating 
the solution found. We will assume that states are described 
by the final words of a language and can express both struc-
tured and unstructured concepts. Consequently, the solution 
of the decision-making problem is represented in the form of 
a sequence of transformation rules.

The development of classical DSS is the direction associ-
ated with the adoption of operational decisions that take into 
account the time limit reserved for decision making [5]:

 TC ≤ T D (4)

where TC is the solution time of the problem; T D is the al-
lowable time.
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World and domestic practice shows that the use of the 
system approach is a prerequisite for the creation of modern 
control systems for complex objects, including when solv-
ing EMS tasks, both with the appropriate scientific research 
and when implementing technical projects. In the develop-
ment of mathematical modeling methods aimed at solving 
the above-mentioned problem complexes, as well as in the 
implementation of procedures for overcoming uncertain-

ties and making decisions, optimization methods that are 
developed taking into account the specifics of the oil and 
gas industry and the formation of energy supply and energy 
consumption balances play an important role. In practical 
terms, the results of studying general problems of mathe-
matical modeling are used in two ways: for automating all 
types of system studies and for creating automated energy 
management systems.
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IMAGE PROCESSING WITH STRUCTURAL LINES

Abstract: The article deals with the approach to compress video images with losses. An idea of the approach is 
image segmentation based on separation of a structural lines in the simplified image and further data compression 
of segments by conventional methods. There are a quantization of the original signal, an edge detection in the image, 
transmitting and receiving the compressed image, filling the interior space of contours with matching colors, smooth-
ing the contours for quality improving of reconstructed image in a developed codec schematic diagram.

Keywords: compression, video data, image, segmentation, structural lines, video codec, edge detection, Sharr 
filter, JPEG, MPEG, BMP.

I. Introduction
Currently there are a large number of image compression 

techniques based on many kinds of algorithms, such as used 
in JPEG, MPEG 1,2,4 and other standard. But the feature of 
the developed algorithm is an image compression method 
based on the formation of structural lines, that is an alloca-

tion of some critical points in image and tale-to-tale joint by 
structural lines.

The main purpose of the work is development of new meth-
ods of image processing for data transmission in a communi-
cation system that is a relevant and practically important task.

II. Main part
Figure 1 shows a developed codec schematic diagram.

Figure 1. The Video Compression Codec Schematic Diagram Basis on an Allocation of Structural Lines

Figure 2. The Test Image “a Squirrel “
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The image in BMP format (resolution 640 × 352, volume 
660 KB) was used to evaluate the performance of the algo-
rithm (Figure 2).

Image transformation process to the palette YCbCr exer-
cises in the Image Transformation Block, where each image 
point is transformed from RGB to YCbCr palette by the fol-
lowing formulas:

Y = 0.299 × R + 0.587 × G + 0.114 × B;
Cb = 128–0.168736 × R – 0.331264 × G + 0.5 × B;
Cr = 128 + 0.5 × R – 0.418688 × G – 0.081312 × B.

All subsequent operations will be performed only in the 
luminance plane – Y.

A quantizing process of luminance plane pixel to 5–7 bits 
exercises in the The Quantization Block (the purpose is ob-
taining a large number of levels of identical image brightness). 
This step is necessary because the next step is the edge detec-
tion, and the contours can be identified only for sections of 
the same brightness. Typically, the image is stored in the eight-
digit form, that is all three primary colors, or all three YCbCr 
component is allocated 8 bits, thus the range of values for one 
element is from 0 to 25. And usually it is too small areas with 
the same brightness in a real image.

A step changes in the standard form for a given range of 
values is equal to 1, and when the quantization in the devel-
oped scheme, step increase, so although values themselves oc-
cupy the whole range 0.255, but their number is significantly 
reduced. Thus large areas with the same brightness appear in 
the image.

The imposing Sharr matrix process on an image is the ba-
sis of the image compression. It exercises in the the Edge De-
tection Block. Imposing an any matrix on any image (in other 
words, the image filtering) is as follows: all the points of the 
image are moving starting from the point with coordinates 
(0, 0) sequentially. For each point the following operations 
exercise (steps for the matrix size of 3×3 points): we take a 
new matrix having the same dimensions as the filter matrix 
and fill it with the brightness points of the image that way the 
current point has been in the center of the matrix and then 
calculated response of the matrix using the formula:

Х = F[i–1, j–1] × A[0,0] + F[i, j–1] × A[1,0] + F[i+1, j–1] × 
× A[2,0] + F[i–1, j] × A[0,1] + F[i, j]×A[1,1]+ F[i+1, j]× 
× A[2,1] + F[i–1, j+1] × A[0,2] + F[i, j+1] × A[1,2] + F[i+1, j+1]× 
× A[2,2],  (1)
where F – the brightness matrix of image, i and j – coordinates 
of the current point, A – filter matrix.

If the value of X (1) is above (below) a certain number, a 
filter is considered as triggered and the point with coordinates 
(i, j) is marked as important (or unimportant). The contours 
of the image marked as an outline regardless of the filter trig-
gering.

In this article we applied a Sharr filter that uses two ma-
trices:

Table 1. – Sharr Filter

–3 0 3 –3 – 10 –3
– 10 0 10 0 0 0
–3 0 3 3 10 3

Matrix А1 Matrix А2
The triggering of the filter determines by the following 

formula:

 X X K1
2

2
2+ < ,  (2)

where K – operation threshold, X1 and X2 – response of ma-
trices A1 and A2, respectively.

As a result of this stage, only those points which form 
contours are marked in the image.

The parameter of a step is the operation threshold of the 
filter. The points, which have the result after formula (2) calcu-
lation less than the operation threshold are recognized as not 
belonging to any contour and aren’t saved. According to the re-
sults of experiments, the most effective operation threshold is 8.

An illustrative example of an image after the edge detec-
tion shown in (Figure 3).

Figure 3. Example image after filtering, on which im‑
ages are visible contours

The result contours transmite to the receiver as a stream of 
bytes, using the following notation in Broadcast Images Block: 
the values of the image points are recorded in a flow by line 
(first line of the image, then the second one and so on). But 
all three components is written just for the points belonging 
to the contours, and instead of “empty” points it is recorded 
their number. For example, we have an image line (asterisks 
are the contours, the dashs are an “empty” points):

****––-*–––**** is the line, which will be written as
[YCbCr][YCbCr][YCbCr][YCbCr][-5][YCbCr][-6]

[YCbCr][YcbCr][YCbCr][YCbCr]
So the amount of transmitted information is considerably 

reduced (a test image compression ratio has reached 55%).
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Number of “empty” points is recorded by negative num-
bers to distinguish them from the color component values 
that are only positive.

This format was designed specifically for compressed by 
structural lines (contours) images.

In the test program the transfer medium is the computer’s 
file system and the transmission and reception of image are 
executed like file reading and writing.The reading оf input 
compressed stream and decoding it with line-by-line image 
filling exercises in the Image Reception Block (YCbCr pal-
ette), where the saved contours automatically restore.

The filling of interior space contours with matching colors 
exercises in the Filling Contours Block. The picture is incom-
plete, because the compressed information stream has only 
the contours without their inner parts. To redress it, we simply 
fill in each contour with the same color, which is set for its 
borders, ie. for each point within the contour we set the same 
color as contour has.

The edge smear exercises in the Smoothing the Contours 
Block. As the real images have smooth brightness transitions 
[2], than sudden changes in the restored image should be 
smoothed. For smoothing we use following formula (3):

 z z z z zi j i j i j i j i j, , , , ,( ) / ,= + + +− + − +1 1 1 1 4  (3)
which has matrix form as shown in Table 2.

Table 2. – The smoothing filter matrix of coefficients

0 1 0
1 1
0 1 0

To smooth the image we apply this matrix. However, for 
the best results we use a specially developed, in which the size 
of the matrix depends on density of contours location. There 
are 4 sizes in adaptive method: 3 × 3, 5 × 5, 7 × 7 and 9 × 9. 
These dimensions are as follows: the matrix of 9 × 9 centers 
at the current point of the image and filled with brightness 
values: if more than 75% of the pixels belong to the contours 
in this matrix, than 3 × 3 matrix is used; if less than 75% do, 
than 5 × 5 matrix is; if less than 50% do, than 7 × 7 matrix is; 
if less than 25% do, than 9 × 9 matrix is.

The response of each matrix is divided by the number of 
its active elements, i. e. 4, 8, 12 or 16, and assigned as the new 
value of brightness of the current point. This step takes the 
longest processing time, because it depends on the number of 
iterations. The experiments showed that satisfactory quality is 
obtained by 5 passes for the majority of images.

Each image point is translated from YCbCr to RGB pal-
ette in the Transformation YCbCr → RGB Block using the fol-
lowing formulas:

R = Y + 1.402 × (Cr – 128);
G = Y – 0.34414 × (Cb – 128) – 0.71414 × (Cr – 128);

B = Y + 1.772 × (Cb – 128).
The example for test image after the conversion to RGB 

palette is shown in (Figure 4).

Figure 4. The image after conversion into RGB palette

III. Conclusion
To evaluate the effectiveness of this method of image 

compression it was performed experimental evaluation of 
compression for images of different themes and genres. The 
research results show proposed method works the better, as 
more homogeneous areas in the image. A good example is the 
above “a Squirrel” image. The sky’s background in this image 
is sufficiently uniform and can be highly compressed, unlike 
the Squirrel, which is transmitted completely.

Since real images are usually small homogeneous areas, 
this method will be able apply first of all to the artificial im-
age: computer graphics, drawings, diagrams, charts, satellite 
images, heat maps, etc. On such images its effectiveness will 
be maximized.
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QUESTIONS OF THE RATIONALE PREPARATION OF THE PARAMETERS OF THE 
KOLOSNIKOV ON ELASTIC SUPPORTS OF THE FIBER MATERIAL CLEANER

Abstract: in the article the scheme of effective design of the bars on the elastic supports of the fibrous material 
cleaner is shown. The theoretical basis for calculating the grate parameters on an elastic support with nonlinear stiff-
ness and random perturbation is considered. The results of testо of the recommended design of a cleaner with grates 
on elastic supports are given.
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To reduce the damageability of cotton fibers and raw cotton 
seeds, it is advisable to reduce the multiplicity of the interaction 
of working organs with raw materials in the process of primary 
processing. At the same time, it is important to increase the ef-
ficiency of interaction between cotton and working bodies by 
improving their design. In this paper, a new design of the grate 
of cotton cleaner from a large litter is recommended [1].

At the same time, the recommended grate design signifi-
cantly reduces frictional resistance against the side surfaces 
with raw cotton. In this case, the elasticity of the supports 
will in fact be nonlinear. According to the known technique 
[2], the elastic element can be represented as a conical 
spring with nonlinear stiffness (see Fig. 1).

Figure 1. The scheme of conical grates on elastic supports and the design scheme

The elastic bushings are also eccentric, have a variable 
thickness. It should be noted that the eccentricity position 
may change during operation (there are some circular mo-
tions). Therefore, the amount of eccentricity and the differ-
ence in diameters of the grate 1 do not exceed (2,0÷3,0) 10–3 
m with an average diameter of the grate.

According to the calculation scheme (see Fig. 1) we will 
compose an equation describing the oscillation of the grate. 

It is known that the grate operates a random perturbing force 
from the side of the squeezed raw cotton

 F F Fb b b= ±( ) ( )δ  (1)
It should be noted that the rigidity of the elastic support 

is non-linear and the restoring force is determined from ex-
pression

 Р с х с х= +1 1 2 1
3  (2)
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where, c2, c1 – the values of the stiffness coefficients of the 
elastic support;

– moving the grate in the vertical direction.
The oscillations of the grate are described by the following 

differential equation

 mx c x
с

x F t+ + =1
2 3

0µ
ωsin  (3)

where, m – is the reduced mass of the grate;µ  - constant non-
linearity coefficient; ωt – disturbing force from the raw cotton.

We seek the solution of (3) by the Galerkin method [3] 
in the form

 x x t1 0= sinω  (4)
Substituting expression (4) into the differential equation 

(3) and taking the integral equal to zero, we have

mx c x
с

x F t x dt1 1 1
2

1
3

0
0

2 10

1 0+ + −








 =∫ µ

ω
π

sin
/

where,
2
10
π

 – period of fluctuation.

After integrating, we obtain

 
3
4
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µ
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In this case, the roots of equation (5), according to the 
well-known technique [3], will be:

x r x r1 22
3

2
3

= − =
±






cos ; cos

ϕ π ϕ

where, r sign
r

= =α η φ
α

; arccos 3

For specific parameter values, you can select the required 
amplitude and frequency of the non-linear oscillations of the 
grate using the recommended method. Consider the well-
known method for solving the problem [3].

Equation (3) can be rewritten in the form

 mx m x m c x
c

x F t+ = − − +ω ω
µ

ω2 2
1

2 3
0( ) sin  (6)

Using the Duffing method [4], we obtain a solution as a 
first approximation

 x x t1 0= sinω  (7)
Substituting x1 in the first part of equation (6), we obtain 

the equation for calculating the second approximation:
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ω ω
µ

ω
µ

sin sin33ωt

 (8)

We are only interested in periodic oscillations of the grate, 
then to exclude the secular term, condition

 ( )m c x
c

x Fω
µ

2
1 0

2
0
3

0

3
4

0− − + =  (9)

Then we can obtain the second approximation, as solu-
tions of the differential equation:

 mx m x
с

x t+ =ω
µ

ω2 2
0
31

4
3sin  (10)

The solution of the differential equation (10) is

x A t B t
c x

m
t= + −sin cos sinω ω

ω
ω1 0
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3

The constants of integration are determined from the ini-
tial conditions:

where, t
T

=
4

; T =
2π
ω

; x = 0 ; x = 0

 A x
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2 0
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232
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ω µ
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Finally, the approximate solution has the form

 x x t
c x

m
t t= − −0

2 0
3

232
3sin (sin sin )ω

ω µ
ω ω  (12)

In this case, the value of Х0 is determined from equation 
(9). Taking into account the initial values of the system pa-
rameters, the regularities of the oscillatory motion of the bars 
on elastic supports with nonlinear rigidity were obtained. 
Based on the processing of the obtained results, graphical de-
pendences of the swing width of the grate oscillations are 
constructed with the variation of the average value of the rigid-
ity of the elastic support, the mass of the grate at ω = −65 1с  и 
ω = −40 1с .

Analysis of the data shows that with increasing rigidity of 
the elastic support ∆х becomes more intense. With an increase 
in the mass of the grate, the influence on the decrease in ∆х 
becomes insignificant. This is explained by the fact that with 
a large mass of the grate its inertia increases, and the value 
of ∆х tends to a constant value (2.0–2.4 mm). It is at these 
values of ∆х that the cleaning effect becomes tangible, which 
is confirmed by the results of experiments [5].

Using the proposed method, it is possible to substanti-
ate the necessary parameters of the system, which ensure an 
increase in the effect of cleaning cotton wool cleaners, from 
large litter.

Thus, on the basis of theoretical studies, regularities of the 
grate oscillation are obtained, graphical dependencies of the 
parameters are constructed, based on their analysis, the best 
parameters are justified. Experimental studies have justified 
the effectiveness of using the recommended grate.
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To reduce the damage of cotton fibers and raw cotton 
seeds, it is advisable to reduce the multiplicity of the increase 
in the efficiency of interaction of working organs with cotton 
in the process of its primary processing. At the same time, it 
is important to increase the efficiency of interaction between 
cotton and working bodies by improving their design. We rec-
ommend a new design of the grate of cotton cleaner from a 
large litter [1].

Influence of the grate parameters on the oscillation fre-
quency. For an approximate determination of the deformation 
value of the grate supports, let us consider the kinetic energy 
of the raw cotton to be pulled together with the grate in the 
process of impact, transforming into the potential energy of 
the deformable support:

 T
mVy=

2

2
 П c x c x dx

х

= +( )∫ 1 2
3

0

max

 (1)

where: Т – kinetic energy of raw cotton and grate; т- total 
mass of grate and raw cotton; Vy  – speed of impact of raw 
cotton on the grate; с1 −  linear component of the elasticity 

stiffness coefficient; с
с

= 2

µ
 – nonlinear component of the 

rigidity coefficient; П – potential energy of a deformable elas-
tic support.

From the accepted interaction condition:

 V
m

c xdx
с

x dxy
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2

1
2 3

00 µ
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where, a – is the maximum value of the deformation.

According to the studies [2–4], with the nonlinear rigid-
ity of the elastic element of a single-mass oscillatory system 
under conditions from up х = 0  to х а=  oscillations,

 t
n d

n n
= ⋅

−
− ∫4

1

1
1 2

0

1

α α
ξ

ξ
 (3)

where, α and n – constant, n −1 2, ..., ;ξ = X a/ , with a restor-
ing force equal to αx n2 1− .

In vibrational systems with nonlinear rigidity of the elas-
tic element, there is a definite relationship between the period 
and the amplitude. For this reason, the term “natural frequen-
cy” is also avoided for such systems, since the frequency of 
free oscillations ceases to be an intrinsic parameter of the sys-
tem. In this case, the recovering force с х

с
х1

2 3+
µ

 and there-

fore in (3) the value takes n  the values 1 and 2. Then the 
period of oscillation of the grate on the elastic support with 
nonlinear rigidity is determined from the expression:
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where, µ – coefficient taking into account the nonlinearity of 
the elastic characteristic, m2.

In the expression (3) obtained, we integrate the terms in 
parenthesis, while the second term is computed (integrated) 
by means of tables of special functions according to [3–5] 
and we obtain

 t m
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For the frequency of free oscillations, taking ρ π2 2= /Т  
we have:

 ρ
µ

πα µk

a c c

m c c
=

+

0 25

2 1 85
1 2

2 1

, /

( / ,
 (6)

An analysis of the derived formula (6) shows that the 
natural oscillation frequency does not decrease linearly with 
the increase in the reduced mass of the grate with cotton.

With increasing amplitude of oscillations and stiffness 
coefficients c1 and c2, the frequency of natural oscillations 
changes in a nonlinear relationship.

It is important to ensure the oscillation of the grate in 
the up to the resonance zone, since the natural frequency of 
the grate oscillation also varies depending on the values of 
the reduced mass, the amplitude and also the nonlinear rigid 

characteristic of the elastic support. At numerical calculations 
for initial parameters are accepted:

m kg с Н m с Н m= − = ⋅ = ⋅ −3 8 4 2 2 5 10 1 2 101
4

2
4, , ; , / ; , / ;

µ = − = − ⋅ −( , , ) ; ( , , )0 5 1 0 1 0 1 2 102 3m a m
Figure 1 shows the graphical dependences of the change 

in the relative value of the natural frequency of the grate os-
cillations from an increase in its reduced mass. Analysis of 
the graphs shows that the relative value of the natural fre-
quency with increasing the reduced mass of the grate de-
creases according to a nonlinear regularity. The magnitude 
of the amplitude (deformation of the elastic support) does 
not actually affect this regularity, that is, an increase in the 
amplitude leads to a parallel upward shift in the regularity 
curve with a difference ρ ρk н/ , ,= −0 25 0 05  (with increas-
ing a from от 0 8 10 3, ⋅ − m to 1 2 10 3, ⋅ − m ).

where, 1-for а м= ⋅ −0 8 10 3, ; 2-for а м= ⋅ −1 0 10 3, ; 3-for а м= ⋅ −1 2 10 3,
Figure 1. Graphical dependencies changed relative values the natural frequency 

of the grate oscillation from an increase in its reduced mass

In the process of cleaning the cotton (or cleaning zone) 
from a large litter with a saw tooth drum, captured volutes 
are dragged through the grate bars. In this case, each grate 
is cyclically interacted with the volatilization of raw cotton. 
That is, the load on the part of the volutes is a disturbing 
force of the forced vibrations of polyhedral grates on elastic 
supports with nonlinear stiffness (variable thickness of the 
rubber bushing).

From the analysis of experimental data and processing 
by mathematical statistics it was determined the mathemati-
cal expectation of the perturbation force from cotton to grate 
and its possible variations in both frequency and amplitude.

As a result of the implementation of the mathematical 
model of the vibrating system of the grate of cotton cleaner 
from a large litter with variations in parameters, graphic de-
pendencies were obtained.

Therefore, to ensure the necessary vibration amplitudes 
of polyhedral grates, it is advisable to choose resistance from 
raw cotton within (25÷35) N, which correspond (5,0÷7,0) T 
/ h in a cotton cleaning machine UHK.

Based on the results of the full-factor experiment, the 
optimal values   for the parameters of the large-scale cleaning 
zone were recommended. Comparative tests were conducted 
in production conditions. During testing, the recommended 
grate design with polyhedral grates on elastic supports showed 
high reliability and stability of operation. The results of the 
tests showed that the cleaning effect increases by an average 
of 10.11%, compared with the existing version of the grate, the 
mechanical damage of seeds decreases by 1.21%, the free fiber 
in raw cotton decreases by a factor of 0.23%. This is explained 
by the fact that when raw cotton is interacted with a vibro-in-
sulated multi-faceted grate, raw cotton is additionally shaken.
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Conclusions. Vibrating polyhedral grates on elastic sup-
ports of the fibrous material cleaner are recommended. On 
the basis of theoretical studies, regularities of the grate oscil-
lation are obtained, graphic dependences of parameters are 

constructed, the best parameters are proved on the basis of 
their analysis. Experimental studies have justified the effec-
tiveness of using the recommended grate.
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Abstract: Dependence is established that allows to predict the yield of agricultural crops depending on the 
conditions of production, technical and economic parameters of the unit.
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Introduction. When justifying the optimal parameters 

and operating modes of agricultural aggregates for the crite-
rion of the efficiency of aggregate parameters, many scien-
tists adopted economic indicators. These studies do not take 
into account the influence of the selected parameters and 
operating conditions of the aggregate on crop yields [1–5]. 
In our opinion, the task should be solved taking into account 
the entire complex of factors affecting both the magnitude 
of the parameters from the performance of aggregates and 
the yield of agricultural crops. Moreover, such an aggregate 
should ensure the maximum performance of work perfor-
mance with observance of technological and technical toler-
ances in this operation.

The discussion of the results. At the same time, under 
the condition of optimal performance of each operation and, 
in general, all mechanized works, the value of the total yield 
loss, i that is.

 U U Uрr f
i

n

− = →
=
∑∆ min,

1

 (1)

where Uрr – predicted yield, c/ha; Uf – actual yield of a given 

crop, c/ha; ∆U
i

n

=
∑

1

 – total yield loss, c/ha.

This condition assumes the performance of all operations 
in compliance with agrotechnical requirements, accepted tol-
erances taking into account the optimal timing of their imple-
mentation. Depending on the conditions of the region, it is 
necessary, on the one hand, to justify the structure of the com-
plex of mechanized operations that contribute to the forma-

tion of maximum yields; on the other hand, take into account 
the main factors affecting the quality of the operation and the 
yield. These factors include: soil and climatic conditions, the 
physical and mechanical properties of the material being pro-
cessed, the technical condition of the unit and the accuracy 
of the established dimensions and regimes, and the degree of 
field preparedness. Each of these groups of factors, consists of 
a large number of parameters and indicators.

The degree of influence of the structure of a complex of 
mechanized works and each operation on yield can be esti-
mated from the actual yield.

The predicted yield of row crops can be expressed [1]

 U
S

Bl
P l f B l dl dрr P P= ⋅ ⋅∫∫

ρ
ρ ρ ρ ρ( , ) ( , , ) ,∆ ∆ ∆  (2)

where S – the consumed area of nutrition of a cultural plant, 
cm2; B – row spacing (half the distance across the transverse 
plane between plants), cm; lρ  – step of plants along the lon-
gitudinal plane, cm; ∆ρ  – deviation of plants from the sowing 
axis, cm; f B l( , , )ρ ρ∆  – the dependence of the mass of plants 
on B, lρ ,∆ρ ; Р l( , )ρ ρ∆  – is the distribution density of ran-
dom variables.

The function of changing the density of plants (gp) is ex-
pressed by the dependence

 g t f g g W W
dz
dtp p c p c( ) ( , , , , ),=  (3)

where gp, gс – is the change in the number of plants and weeds 
along the longitudinal axis of the row; Wp, Wc – humidity of 
plants and weeds,%.
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The magnitude of the total loss of yield can be predeter-
mined, knowing the influence of each factor, that is.
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where ΔU1, ΔU2, ΔU3, ΔU4 and ΔUk – are the loss of yield, 
respectively, due to the failure to perform technological op-
erations in the optimal terms, parameters (В – is the capture 
width) and modes (V – is the speed of movement) of the unit, 
non-qualitatively conducted technological operations and un-
accounted for factors, c/ha.

The most significant parameters and indicators affecting 
the formation of crop yields are the soil state, estimated by 
the unit resistivity, the duration of the technological opera-
tion, the limit of the permissible speed of movement of the 
unit and the failure of the technological operation at the most 
optimal time.

The amount of losses caused by the failure to perform 
technological operations at the most optimal time can be es-
tablished by the method of prof. Yu. K. Kirtbaya on the basis 
of the established field of tolerances, when the distribution 
function is of an extreme nature. In the absence of such a char-
acter of the function distribution, the duration of the opera-
tion can be determined from the expression proposed by prof. 
Saklakov, which takes into account the loss of harvest for each 
day of delaying its duration, that is.

 D
C Н
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b а
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n n p p i

= =
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1 ,

  

(5)

where Dp – the duration of the work, day; Cb – book value of 
the unit, sum; Ha –annual rate of deductions for renovation; 
ti – the proportion of the time of this operation in relation to 
the total duration of the use of machines during the day, h; 

Cn – commodity price of a unit of production, sum/c; Wр – 
hourly capacity of the unit; Tp – the duration of the unit during 
the day, h; Kn – coefficient of accounting for crop losses when 
stretching the working life from the optimal moment for 1 day, 
1/day; U – crop yield, c/ha.

Operating modes of the unit, i. е. the limit of the agrotech-
nical allowable speed of performing technological operations 
can be determined from expression

 [ ] ,V V
Bp

p

= +
∆

 (6)

where V0 – is the working speed at which the width of the 
aggregate grip practically does not affect the quality of work, 
m/s; Δ – coefficient, taking into account the change in oper-
ating speed, depending on the width of the aggregate, m2/s; 
Bp – working width of the unit, m.

To operate the unit, it is sufficient to perform the follow-
ing known relation

 R Pkr k≤ η .  (7)
The equation of predicted Uрr yield of agricultural crops is 

determined by the solution (7) with respect to (5) and after 
some transformations

 U wрr
p M

i

m

p P

FK
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Ne Cb На

Kn Сn T
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⋅

⋅ ⋅
∞
∑

( )ηη 2
1 , (8)

where R – is the resistance of the machine, kN; η – efficiency 
of the tractor; Рkr – hook force of the tractor, kN; Nc – effec-
tive engine power, kW; ηk – coefficient of traction; F – area of 
sowing, ha;

Thus, the list of technological operation and the factors 
influencing the quality of their performance are established.

The conclusion. The obtained dependence allows to 
predict the yield of agricultural crops taking into account the 
influence of a complex of factors depending on the production 
conditions, the technical and economic parameters of the unit 
and the performance of technological processes at the most 
optimal time.
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HYGIENIC PROPERTIES OF MATERIALS FOR CLOTHES OF 
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Abstract: in this article, the main results of studies on the determination of hygienic properties for tissues and 
packages of products calculated for the school uniform of adolescents living in the middle climatic zone of the Repub-
lic of Uzbekistan are given. The results of these studies are the basis for the selection of tops fabrics, lining materials, 
and the formation of packages of products for schoolchildren.
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The scientists and industrial enterprises of the republic 

have a task at the state level to carry out comprehensive re-
search to provide uniforms for schoolchildren with appropri-
ate uniforms.

Previous studies [1–3] could provide the process of mak-
ing garments with innovative technology and technology, 
forming bags of garments for cold zones of clothing. However, 
the average sharply continental climate zone has not been suf-
ficiently addressed.

The degree of suitability of materials for adolescent cloth-
ing is determined mainly by their hygienic properties. The 
most hygienic value is the following: weight, thickness, air 
permeability, vapor permeability, hygroscopicity, hydrophilic-
ity, water capacity and thermal resistance.

Of great importance is a number of other properties that 
further characterize clothing materials: porosity, elasticity, 
flexibility, crushing, shrinkage, capillarity, water permeabil-
ity, drying speed, dust capacity, reflection coefficient. Some 
properties, such as elasticity, hygroscopicity and some oth-
ers, depend to a certain extent on the basic substance. Signifi-
cantly, the quality of clothing materials is determined by the 
structure of the fabric.

Cloth is not a monolithic entity. It is a complex structure 
consisting of fibers of the main substance and air, the amount 
of which is very large and varies depending on the structure 
of the tissue in a wide range (from 50% in smooth and dense 
fabrics – up to 99% in cotton wool and batting).

In connection with fluctuations in the air content, the es-
sential properties of the materials, and especially their heat-
shielding ability, are significantly altered. The latter is higher 

the more air is contained in the material, since air has a ther-
mal conductivity many times smaller than the main substance. 
This is due to the fact that the greater the thickness of the 
fabric, the better all other things being equal its thermal pro-
tection properties. In the same way, the smaller the volume 
weight of materials (the ratio of dense substances and air in 
1 cubic cm of material), the higher their thermal protection 
properties. Therefore, by determining the two properties men-
tioned above, and comparing them with those of materials 
whose thermal properties are known from the large experi-
ence of their use (for example, fur), one can form an impres-
sion of the heat-protective properties of this material.

Directly with the bulk weight is associated another im-
portant property of the tissues – their porosity. The porosity 
of the material is determined by the ratio of the pore volume 
to the volume of the given material, expressed as a percentage.

With the same amount of air in the tissues, it can be placed 
differently in them (in large pores or small, closed or commu-
nicating with each other and the surrounding atmosphere), 
on which the air permeability, vapor permeability and other 
tissue properties depend.

Air permeability of tissues, i. e. the degree of its patency 
for air, largely determines its suitability for a particular type 
of clothing. It is expressed by the amount of air (in cubic dm) 
passing per unit time (sec.) Through a unit of tissue surface 
(1 sq. M.) At a certain pressure (h = 5 mm Hg). Other things 
being equal, the air permeability of the tissue decreases with 
increasing thickness.

The main property characterizing the heat-protective ef-
fect of the material (or clothes) is its thermal resistance, which 
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is estimated by the time (in hours) during which 1 kcal of heat 
passes through a square. m cloth at a temperature drop of 1 
degree. C. Sometimes a unit is identified, the reciprocal of the 
thermal resistance, is the heat transfer coefficient.

No less important than the heat-protective properties of 
materials, have properties that determine their relationship 
to moisture: on the one hand – protection from rain, fog, wet 
snow, increased dampness, on the other – removing sweat 
from the skin surface.

Moisture through clothing goes three ways: simple diffu-
sion of water vapor; wetting of teenage clothes afterwards and 
the subsequent evaporation of it from the surface of clothing; 
as well as evaporation of sweat from the surface of the skin, 
condensation of it in layers of clothing and further evapora-
tion of condensate.

From the hygienic point of view, the first way is optimal, 
since moistening of teenage clothes is accompanied by a sharp 
change in the properties of the tissues of adolescent clothing 
(increased thermal conductivity, lower air permeability), a de-
crease in air layers in clothing, and adherence of tissues to each 
other, which results in a decrease in the heat-protective effect 
of clothing. In the cooling, the latter is undesirable. Under the 
conditions of heating, direct evaporation is most favorable, 
since in this case the excess heat from the body is quickly re-
leased to the environment. The ability of adolescent clothing 

tissues to pass through water vapor continuously formed in a 
reliable space determines their vapor permeability, expressed 
by the amount of water vapor (mg) passing through a unit of 
tissue surface (1 square cm) per unit time (1 hour).

This property largely depends, on the one hand, on the 
size of the through pores, on the other hand, on the hygro-
scopicity of the basic substance. The hygroscopicity of the 
fabric characterizes its ability to absorb water vapor from the 
ambient air and retain them under certain conditions.

Good hygroscopicity is a positive property of the materi-
als used for the inner layers of clothing.

The ability of the tissue to absorb water when immersed in 
it determines the maximum water capacity, which is measured 
by the amount of water contained in the tissue after it has been 
wetted for 24 hours. The weight of the fabric after wringing it 
by hand and drying between the sheets of filter paper gives a 
minimum water capacity, expressed as a percentage of the dry 
weight of the sample. The minimum water capacity of various 
materials varies from 50 to 100%.

The property of materials to keep a significant part of the 
pores free and after moistening is of great importance for their 
air permeability, as well as heat-shielding properties. Thus, the 
indicators presented above are considered to be the main ones 
for scientifically based selection of tissues and the formation 
of an appropriate package of clothes for schoolchildren.
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THE IMPACT OF HIGHER HARMONICS ON THE WORK OF 
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Abstract: The article deals with the influence of higher harmonics on the choice of electric motor power. And 
also the possibility of using the advantage of using frequency converters, which allow saving energy, is presented, 
which is actual for today. The above theoretical concepts are justified by the influence of the non-sinusoidal stresses 
and currents on the operation of electrical equipment and caused by the manifestation of higher harmonics.
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At the present time, due to the increase in energy con-

sumption – the influence of higher harmonics on the choice of 
engine power is one of the important problems of the modern 
day in the electrical industry.Harmonics are sinusoidal waves 
that are summed up with a fundamental frequency of 50 Hz, 
that is, the first harmonic of 50 Hz, the fifth harmonic of –250 
Hz [3]. Because of the harmonics caused by non-linear loads, 
this is one of the main problems that must be solved. Nonsi-
nusoidality is due to the presence of static converters, then – 
synchronous generators, transformers, motors and other non-
linear loads.

The emergence of higher harmonics is associated with a 
wide application of semiconductor converters in power sup-
ply systems of enterprises of various industries. A number of 
papers [3–13] have been devoted to the study of the compo-
sition of higher harmonics of current and voltage and their 
effect on the quality of electrical energy.

Harmonics in the composition of current, voltage or 
both current and voltage affect the quality of electrical en-
ergy. Bad indicators of the quality of electrical energy lead 
to many negative consequences. The most unpleasant for in-
dustrial consumers: reduced efficiency and increased power 
consumption, overheating of cables, electric motors and trans-
formers; reduction of reliability of the power supply system; 
a decrease in the efficiency of production and an increase in 
the specific energy intensity of a unit of final output; reduction 
of the service life of electrical equipment; damage to sensitive 
equipment; tripping of circuit breakers; fuse fuse; premature 
wear of equipment; overheating and failure of capacitors; the 
appearance of strong currents in neutral wires; occurrence of 
resonance in the network; failure to connect to power supply 
networks in case of too high level of harmonics; shutdown 
and downtime of process equipment caused by accidents 

and switching in external networks; direct losses associated 
with the under-release of the final product; indirect losses due 
to possible repair work of mechanical equipment, as well as 
maintenance costs [1–37].

For example, it is known that with an acceptable voltage 
asymmetry of 2% and a non-sinusoidal 5%, the service life 
of asynchronous motors is reduced by 21%, synchronous by 
32%, transformers by 8%. It is noted that when the asynchro-
nous motor is operating under non-sinusoidal voltage condi-
tions, its power factor and the torque on the shaft are slightly 
reduced. If the amplitudes of the 5th and 7th harmonic volt-
ages are respectively 20 and 15% of the amplitude of the 1st 
harmonic, then the motor power factor is reduced by 2.6% 
in comparison with its value at a sinusoidal voltage [3–15].

Therefore, it is necessary to consider a number of several 
methods to improve the term of electrical devices and the 
quality of the generated electricity:

1. Make classification of harmonics;
2. Consider sources of harmonics;
3. What equipment is the source of higher harmonics.
Causes from higher harmonics there are additional losses 

in electrical machines, transformers and networks, it is diffi-
cult to compensate for reactive power with the help of capaci-
tor banks; the service life of insulation of electric machines 
and apparatus is shortened.

Voltage and current harmonics lead to additional losses in 
the stator windings, in the rotor circuits, as well as in the sta-
tor and rotor steels. Leakage currents caused by harmonics in 
the end zones of the stator and rotor lead to additional losses. 
The average distribution of losses from higher harmonics is 
characterized by the following: stator windings 14%; rotor 
chains 41%; end zones 19%; asymmetric pulsations 26%. For 
an average asynchronous motor with a specific weight of the 
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5th harmonic of the voltage equal to 20% of the main, the 
torque due to the 5th harmonic does not exceed 0.1% of the 
torque developed at the industrial frequency [3–15].

The influence of higher harmonics on electrical installa-
tions causes malfunctions, overheating of electric receivers; In 
particular, the influence of the harmonic on devices without 
semiconductor elements is significantly reduced, it reduces 
the sinusoidal distortion, confuses synchronicity, interference 
in the data transmission networks, and accordingly affects the 
efficiency of the engine, transmission and conversion device.

When the voltage exceeds the nominal value by 3–5%, the 
level of the harmonics of the magnetizing current increases by 
a factor of 1.5–2. With a large installed capacity of transform-

ers of guild substations, this can lead to a marked increase in 
the voltage of the higher harmonics in the network [3–40].

The main sources of higher harmonics are: electric drives 
with semiconductor converters, rotating electrical machines, 
saturated magnetic circuits, rectifiers and frequency con-
verters of all types, powerful single-phase receivers, electric 
welding installations, lighting systems using economical 
lamps [1–37]. (Fig. 1). A synchronous generator operating 
in an electrical network of an enterprise can be considered 
simultaneously as a source of higher-order electromagnetic 
harmonics due to the features of the magnetic circuit of the 
machine and as a consumer of higher harmonics of current 
generated by other harmonics sources.

Figure 1. The source of higher harmonics (classification of harmonics)

The source of the superimposed current for a low-power 
converter is usually a generator of low-frequency oscillations 
with an amplifier; Synchronous generators are used for high-
power converters. When the converter is operating only in 
rectifier mode, the current source can be replaced by, since 
during inverting, the current source must operate in the gen-
erator mode. The use of a special current source or resistor is 

associated with additional losses, reaching 10% of the energy 
consumed by the converter [3–103].

The effects caused by the manifestation of higher harmon-
ics can be divided by the duration of the effect on instanta-
neous and long-term effects.

To instantaneous it is customary to include:
– Distortion of the form of supply voltage;
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– Voltage drop on the distribution network;
– Effects from harmonics, including resonance at the 

frequency of harmonics;
– Harmful interference on the data network;
– Noise in the acoustic range, vibration of machines.
Long-term problems include:
– Heating and additional losses in transformers and elec-

tric machines;
– heating of capacitors;
– Heating of distribution network cables
It should be especially noted that even low levels of high-

er harmonics can cause disturbances in operating modes for 
some types of control, protective and measuring equipment 
due to distortions in the shape of the curve of the measured 
voltages and currents on the secondary windings of the mea-
suring transformers. As a result, higher harmonics lead to false 
alarms on protective transformers at transformer substation.

The influence of higher harmonics on rotating machines is 
largely identical to the effect of unbalance of voltages and cur-
rents. In addition, the presence in the current curve of the sta-
tor of higher harmonics leads to the appearance in the gap of 
non-synchronous magnetic fields moving relative to the rotor. 
In this case, higher harmonics of the 5th and 11th orders create 
negative sequence fields rotating relative to the rotor in the op-
posite direction, and the components of the 7th and 13th orders 
create direct sequence fields [6]. However, since the frequency 
of their rotation is higher than the rotor speed with a harmonic 
order multiplicity, the fields of both sequences induce higher-
frequency currents in the rotor circuits that flow in the upper 
layers of the massive parts of the rotor and, closing at its ends, 
cause local overheating. Harmonics have an impact on the accu-

racy of measuring the reactive power, which has for the case of 
sinusoidal currents and voltages, and affects the measurement 
of the power factor. To improve the shape of the input current 
or to compensate for reactive power, active filters are used that 
are connected in parallel to the mains.

The use of filters is currently a common way to reduce the 
level of higher harmonics. When installing filters, the problem 
of reactive power compensation is also partially or completely 
solved, since the capacitor banks included in the filters are 
sources of reactive power [3–131]. The functionality of active 
filters is much more passive. For example, in the active filter 
one or several harmonics can be programmed, which must be 
suppressed, it is possible to work in the compensation mode, 
etc. Active filters are simply necessary for those enterprises in 
which all methods of suppressing the higher harmonics failed 
to produce the expected result.

Conclusions
The problem of higher harmonics is topical and requires 

attention by analyzing electrical metrics and affecting the 
quality of electrical energy. To determine the more accurate 
value of the influence of higher harmonics, it is necessary to 
use the true definition of the effective value. The increase in 
losses is due to the appearance of higher harmonics. There-
fore, it is necessary to evaluate the sources of higher harmon-
ics, powered by energy converters and the efficiency of not 
only the system as a whole, but also of the electric motor. One 
of the promising ways to reduce nonsinusoidality in electri-
cal networks is to improve the shape of the network current 
curve of the converters. This can be achieved by compensating 
the higher harmonics of the magnetic flux of the converter 
transformer.
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COTTON ON THE SEPARATION OF THE AIR CONVEY IN IMPACT 
OF NETTING SURFACE FOR COTTON SEEDS

Abstract: СС-15A separating the preparation of an improved version of this article which revealed the amount 
of short fiber reasons. Based on the results of the proposed options for almost 2 times less than it was.

Keywords: separator, grade cotton, short fiber, pneumo-transport, process, cotton seed.
Introduction. Cotton ginning sector of great importance to 

the current stage of development, as well as technical and tech-
nological activities, from the harvesting of cotton to prevent raw 
material losses, while preserving the natural features of the high 
level of work the first time, and the resulting product to ensure 
uninterrupted supply to consumers must go. It should be noted 
needs, the use of technology on the basis of available technical 
equipment, it is important to timely adjustment and control.

Cotton processing enterprises, and equipment to increase 
productivity, improve the quality of the product in many ways 
similar devices tuned for the selection of technical requirements 
technical regulations and pneumo-transport aerodynamic prin-
ciples of the system will depend on Foot. Technological and 
aerodynamic analysis, alternative options and choose produc-
tion. Production capacity is to determine the factors that affect 
the natural properties of cotton and to find ways to eliminate 
it. Disappearance of cotton fiber aerodynamic system aimed at 
preventing the production of proposals and implementation 
this scientific work is evolving. This analysis of the subject and 
the ensuing find a solution to the problem today, cotton gin-
ning factories are used in separators fully-depth analysis of the 
technique. Because, today used in a large-scale festival in separa-
tors being transported cotton and the main products as well as 
causing damage to the cotton fiber [2].

Materials and Methods. Separating the working cham-
ber from the cotton ginning hits on the mesh surface. This 

process can be thought as the cotton ginning mesh longitudi-
nal stroke (figure 1).

You know, the SS-15A separating the best technologi-
cal process is absorbed in the upper part of the working 
chamber being. This separator into the working chamber 
of cotton gang distribution equal to the entire length of 
the camera. The implementation of the process of equal 
distribution of the length of the vacuum valve leads to the 
spread of cotton against the gang. This is the basis for effec-
tive functioning of the facility is a vacuum valve. However, 
stick to the crowd, consequently of absorption of cotton 
mesh, mesh surface due to the action of the pressure. This 
is due to the pressure, friction between the mesh surface 
and cotton. Therefore, the seeds injury cases SS-15A into 
the separator chamber is also working on the side of the 
principal amount of cotton sticks to the surface using the 
direction of suction force to suck the air and the result are 
erased using a grater. The same situation occurs in the text 
of a continuation of the process is uneven.

In this case, the vacuum valve is working to prevent the 
distribution equal to the length of the cotton that safety 
separators associated with the cotton mesh surfaces and 
four taken erased from the surface of cotton in the above-
mentioned process.

The deformation of the fiber will be move less. (1) The 
side an impact moveable and periodic parameters zone.
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If φ – fiber inclination angle (the angle between the fiber 
surface is S), T – tension, X.Y to highlight the speed of the 
fiber particles, and the force of friction along the surface of the 

fiber, F – round-the-clock, P – affecting the fiber mesh surface 
pressure, then in the N area we have the following (Figure 2):

 Х V2 2= − ⋅ε  (1)
 T K x2 2= ⋅ε  here K Vx = ⋅ρ0

2  (2)

Figure 1.To connect cotton seeds with net stroke scheme

In the M are we have the following:
 Х X V3 1 3 1− = ⋅ −( )cosε ε ϕ  (3)
 Y Y V3 1 3 1− = ⋅ −( )sinε ε ϕ   (4)
 T K x3 = ⋅ε  (5)
ε – Deformation;
Кх – coefficient of elasticity.
The above mentioned data, it has become clear, cotton 

working camera on the side of the device after the mesh sur-
face is formed under the influence of two different zones. This 
will change in the direction of the influence of the zone of 
cotton gang.

For example, (1–2) equations show that the concurrent 
use of layers of cotton, their linear speed of the relative move-
ment of the body, in this case, change the direction of the 
movement against the gang of cotton fiber. As a result, cotton 
base layers of the relative risks, which may lead to the sever-
ing of fiber. In addition, the severing of fiber tensile strength 
greater than the value of the T building. Since this is a large 
herd of cotton mesh fibers occurs as a result of excessive speed 
will depend on the value of V formed [3].

A piece of cotton mesh surface contact point B tunglama 
coding. This is the point where the pressure P and the Fisher 
effect (Figure 2). Pressure and friction force one Guknik is esti-
mated to be associated with a linear law. According to avoid the 
laws of the movement in the X and arrows proeksiyalari follows.
ρ ϕ3 3 3 1⋅ −( ) = − ⋅ ± ⋅ − ⋅( )dS X X T P fP dtcos sin cosΘ Θ  (6)

Here: dS3 – taken to fiber element “3” in length; O-OU 
with a coordinate axis R angle between the direction of the 

vector of pressure (2.6). If the line pressure PX = O, Y = O 
passes the plains of high character, if the line pressure PX = 0, 
Y = 0 passes down the plains.

According to the law to avoid mass element section 3 of 
Section 2 of the fiber is difficult to write equation (Figure 2):

 
dS dS3

3

2

21 1+
=

+ε ε
 (7)

According to B point with the terms of the continuous 
progress, as follows:

 dS X dt2 2=  (8)
 dS X dt3 3= cosφ  (9)
Overall wired strength P can be found following equa-

tion:

P
V K

f
x=

+( ) −( ) + +( )
+( ) ± −( )

ρ ε ε ε ε φ ε ε φ
ε

3 2 3 3 1
2

2

2

1 1

1

cos cos

sin cosΘ Θ
 (10)

(1) – (10) the equation is used finding unknowns.
(10) According to formula, we can notice that if φ angle dicreas-
es to become a decrease of P wired strength. For falling φ ankle 
hole of different surface should be deviate horizontally [4].

Results. The main object of the analysis as part of the 
waste is added to the amount of fiber chosen from the follow-
ing method is used to determine the amount.

Remove the dust from the slot to collect waste 10 minutes 
of processing time, paper bags, a resolution of 0.01 g weight. 
Then sift this waste 3 × 3 mm mesh size, are separated from 
the content of all impurities. The remaining part of the fiber, 
then it is difficult.
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Eating seeds mechanical damage rate is determined on 
the basis of the current style. I, III, IV and V in the experi-

ment, industrial-grade cotton was used. Separators test one 
g’aramdagi cotton used in the experiment.

Figure 2. The scheme of forces that forms during the bonding of cotton with cotton seeds

Sulton selection of cotton varieties used in the experi-
ment. I industrial-grade cotton pollution 2.05%, the moisture 
level of 8.6%. III industrial-grade cotton pollution humidity 
level of 3.98%, 10.92%, and 6.8% in the fourth industrial-grade 
cotton pollution, humidity rate of 13.5%, industrial-grade cot-

ton V pollution 11.4%, while the level of humidity and 16.5%, 
respectively.

The same amount to use both air separators, labor pro-
ductivity is 10–15 t/h.

The results of the experiments are presented in (Table 1).

Table 1. – SS‑15A improved separator for separating the results of the current test

Cotton 
sort Brand of separator The amount of seeds 

mechanical injuries,%
The amount allocated to the 

context of the waste fiber
Dirt and moisture level 

of the cotton,%

I
CC-15A 1.32 0.70 З = 2.05

W = 8.6
Developed
separator 1.08 0.46 З = 2.05

W = 8.6

III
CC-15A 1.52 1.78 З = 3.98

W = 10.92

Developed separator 1.38 1.05 З = 3.98
W = 10.92

IV
CC-15A 2.07 4.07 З = 6.8

W = 13.5

Developed separator 1.87 2.96 З = 6.8
W = 13.5

V
CC-15A 3.38 4.28 З = 11.4

W = 16.5

Developed separator 2.57 3.12 З = 11.4
W = 16.5

This can be seen in (Table 1), I–grade cotton separating 
waste transfer really improved separator, that the fiber struc-
ture of the mass of 0.46 kg/h, the third-grade cotton was 
1.05 kg/h. This is a simple separator that I grade cotton to 
0.23 kg/hour, the third-grade cotton is less than 0.72 kg/hour.

As it is known, the basic indicators of cotton seeds ex-
tent of damage to the mechanical isolation of the air. The 
experiments in this simple SS-15A separator and improved 
version. Based on the results of the form chart in (Figure 
3. and 4).
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Figure 3. SS‑15A extent of damage to the mechanical 
separator varieties of cotton

Figure 4. Improved extent of damage to the 
mechanical separator varieties of cotton seeds

Figure 3. SS-15A separating the results of simple options. 
This chart shows that the extent of damage to the mechani-
cal varieties of cotton seeds in a garden, I sort passed Separa-
tion of industrial-grade cotton seeds mechanical damage of 
an average of 1.32%, the explanations II sort – 1.41%, the III 
sort explanations, – 1.52%, IV explanations – 2.07% and V sort 
explanation is 3.38%. The same party cotton advanced SS-15A 
extent of damage to the mechanical separator of non-seeds, 
about 15–18%. The results in Figure 3.10 – tenacity. Advanced 
SS-15A and keeping the level of friction in the mechanical 
cotton varieties was equal to the following amounts:

I grade cotton 1.08%, the II-grade cotton – by 1.21%, the 
III-grade cotton 1.38%, the IV-grade cotton 1.87%, a V-grade 
cotton is equal to 2.57%. Now, the next main index of indus-
trial varieties of cotton short fiber content, this figure is also 
important, and this figure is directly related to the length of 
the fiber and the fiber output.

Figure 5. SS‑15A separator for industrial change in the 
number of varieties of short fiber cotton

Figure 5. shows a simple result of separating cotton from 
the change in the amount of short fiber. This chart shows, 
I sort of cotton held in a short amount of fiber, 0.7 kg/hour, 
and the II-grade cotton 1.18 kg/hour, the III-grade cotton 
1.78 kg/hour, the IV-grade cotton 2.07 kg/hour, V-grade cot-
ton and 2.28 kg/hour.

These parameters change are given in Figure 6. – perfect 
for keeping cotton varieties. This Graph varieties of short fi-
bers, the amount will be equal to the following:

I grade cotton and 0.46 kg/hour; II grade cotton 0.76 kg/
hour; III grade cotton 1.05 kg/hour; IV grade cotton 1.16 kg/h 
and V-grade cotton was 41.32 kg/h. 3.11 – compared with the 
chart in (Figure 3.12) shows Graph advanced SS-15A sepa-
rating the amount of short fiber was determined to be about 
23–30% less [1].

This is caused by the flow of air using a cotton mesh sur-
face pressure due to the presence of the insulating power of 
the camera is equal to zero, it is the result of interruption to the 
mesh erased erased from the surface of cotton fibers, resulting 
in a reduction in the amount of short fiber not be determined. 
The absence of mechanical air pressure also leads to a reduc-
tion in wear.
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Figure 6. Improved separator in a change in the 
amount of industrial varieties of short fiber cotton

Discussion and Conclusions: In conclusion we can say 
that the cotton used in the process of separating from the air 
separator structure and operation of the main surface on the 
basis of the conflict is distinct from the air, with cotton hap-
pen. This technology is not only local but also foreign coun-

tries, the US, India, China and other technologies are also 
available. So we can conclude that the four surface pressure 
under the influence of air pressure in the cotton harvest, and 
this power in accordance with the laws of physics to increase 
the strength of the friction that occurs between the surfaces 
of the cotton mesh

1. Separator working chamber out of a swarm of cotton 
mesh construction as a result of the formula to determine the 
speed of the fiber. Determine the direction of the separation 
process zonalararo forces in each zone, and real method to 
determine the relative speed of a gang of cotton.

2. Edit the device by using laboratory mesh surface with cot-
ton fiber in technological processes have been analyzed, with the 
result that the circumstances that caused the disconnection. As a 
result, the fiber mesh to reduce the gap in the surface of the outlet 
is equal to the optimal angle = 45 ° to be invited to the event.

3. The angle of the mesh surface with a cotton-gravity 
method of communication between R discs. As a result, the 
power of gravity to make the maximum value of the technolo-
gy have been identified. As a result, the mesh surface zo’nasida 
insulating camera based on the installation.

4. advanced separator SS-15A with a separator in order to 
try and compare the test works. The average experience level 
of the results obtained from seeds of mechanical damage of 
1.5%, short fiber allows a reduction in the amount of 1.14%.
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WAYS QUALITY INCREASING OF EXPLOITATION OF CITY BUS CAPACITY AND TRAFFIC

Abstract: The article analyzes the indicators affecting the coefficient of urban bus transport capacity. Based on 
the ways to increase the bus speed, a recommendation has been developed to improve the capacity of City Bus.

Keywords: capacitance, intermediate stop, busy clock, connection speed.
One of the main indicators characterizing the quality of 

transport services to the population is the rate of use of buses. 
Therefore, it is crucial to normalize the capacity of different 
types of buses, in different routes, taking into account the flow 
of passengers on a daily basis at work and on weekdays.

The coefficient of use of bus capability depends on many 
factors, which can be summarized as follows:

 γ
η

=
⋅ + ⋅ + +( )
⋅ ⋅ ⋅ ⋅

Q t i t t t

q A T K
d m is i l o

t c b r m  
(1)

here, Qd – number of passengers per day; tm – time of one-off 
buses; iis – number of intermediate stops; ti  – the time of the 
bus stay in the interval; tl – the time of the bus stop at the last 
stop; qt  – total capacity of the bus; ηc – Coefficient of passen-

gers’ conversion rate; Ab – Number of bus buses; Tr – time of 
the route; Km – Coefficient of mobility; to – for other reasons, 
on the route (at intersections, stations and hauls).

One of the factors influencing the cost of the bus capabil-
ity is the analysis of the linear routes, similar to most routes 
in Tashkent, from the point of view of passengers flow and 
public transport services, with 22.4 km of passengers and a 
bus service to a capacity of 40 passengers with a capacity of 
106 Mersedes Benz were removed.

Based on the results of the analysis, the rule of daily 
passage change has been determined and this indicator has 
changed according to the normal distribution law. The graph 
analytic result was as follows (Figure 1).
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Figure 1. Graph of change of number of passengers during the day
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The compatibility of theoretical and experimental data 
was investigated as follows:

 χ 2

2

=
−( )n n

n
i i

i

/

/  (2)

ni   – Practical scale of observations; ni
/   – Theoretical 

amount of observations.
χ 2 0 05 5 11 1 3 97= = >( . ; ) . .

When analyzing the change in the number of bus routes, 
these indicators have also been adjusted according to the nor-
mal distribution laws (Figure 2).
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Figure 2. Route change bus number

The compatibility of the data has been verified as follows.

χ 2 0 05 5 11 1 6 44= = >( . ; ) . .

When analyzing the time spent on buses’ spending on 
intermediate stops, these figures were also adjusted according 
to the normal distribution laws (Figure 3).

0

10

20

30

40

50

60

20-22 22-24 24-26 26-28 28-30 30-32

ti, sec.

Sa
ve

d 
up

 fr
eq

ue
nc

ie
s

Figure 3. Schedule of buses’ bus stop time interval

The compatibility of the data has been verified as follows.
χ 2 0 05 5 11 1 3 19= = >( . ; ) . .

Based on the results of the above studies, the use of bus 
capacities was calculated during the working day:
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Calculations show that when using the bus capability for 
the “over-the-clock”, the value is 0.87.

Numerous scientists have been conducting research to 
determine the normative values   of the capacity of the city bus 
transport. For example, in I. V. Spirin’s “passenger transporta-
tion by city transport” literature, it is reported that in the “hour-
ly hour” 0.7–0.8 does not exceed the average of 0.3 in a day, [1]. 
G. A. Samatov has further explored the impact of capacity utili-
zation from the point of view of bus transport efficiency. Accord-
ing to it, the “Good” is higher than 0.332 (0.89), “Good” – 0.289–
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0.332 (0.75–0.89), “Satisfactory” – 0.245–0.289 (0.59–0.74), 
“Bad” – 0.245 (0.59) it should be noted [2].

It is clear from the analyzes that the average working ca-
pacity of the working day corresponds to the normal values, 
but the situation for the passenger when traveling to the bus is 
important, especially in “heavy hours”. Thus, in the case under 
review, it can be seen that the quality of passenger service is 
not optimal at “intense hours”.

The first solution to reduce the cost of capacitance is to 
increase the number of buses. This, in turn, requires consider-
able capital expenditure and this is not a wise solution. The 
second solution is to increase the capacity of buses (use of 
larger buses). This increases the time spent by the passengers 
at the intermediate stops, which increases the waiting time for 
the passengers. This is not a wise solution. The third solution 
is to reach the number of existing buses by increasing their 
communication speeds.

The formula for determining the bus speed is as follows:

 V
l

t
ta

M

к
ox

=
−

60

,  (3)

where: lr – Route distance, km; tt – travel time, hours; tl – time 
at the last stop, min.

This does not change the direction of the route, since the 
(head) is at the end of the standstill (3 min.), This can not be 
achieved by reducing the bus speed significantly. Thus, it is pos-
sible to increase the speed of the bus by reducing travel time.

Unnecessarily overpriced on bus routes at intermedi-
ate stops, one-way intersections and for other reasons (traf-
fic lights, unmanaged pedestrian crossings, etc.) have a sig-
nificant impact on the route. According to the results of the 
experiments conducted: (in the morning hours) at one-way 
intersections 7 min. 26 sec. (4 min. 49 sec. in reverse direc-
tion), excessive delay in intermediate stations 1 min. 23 sec. 
(39 seconds in reverse direction), for other reasons, the delay 
time is 1 min. 14 sec. (54 sec in the opposite direction) [3].

At one-line intersections, the movement can not be main-
tained without interruption, but it can be achieved by reduc-
ing travel time by improving traffic flow management. Also, if 
for any other reason the detainees and the intermediate sta-
tions are eliminated from the aforementioned process, then 
(3) can be achieved by improving the quality of the buses by 
increasing the speed of the buses.
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IMPROVEMENTS TO THE STATION TRACK CIRCUITS OF RAILWAY 
AUTOMATION AND REMOTE CONTROL SYSTEMS

Abstract: The article deals with the improvement of station rail circuits of railway automation and telemechan-
ics systems. To improve the noise immunity of the rail circuit, it is proposed to preserve the existing phase method 
of protecting the track receiver from interference from the adjacent rail circuit and to add a pulse mode to protect it 
from external sources of interference.

Keywords: rail circuit, relay, interference, impulse, phase, analyzer, track receiver, safety.
Introduction
Rail chains in the system of railway automation and telem-

echanics are sensors of information about where the rolling 
stock is located within the station or the distances. Among 
the other elements in the rail automation and telemechanics 
system, rail chains are the most important, since they directly 
determine the safety of train traffic. Rail chains provide opera-
tional control and monitoring by railway traffic at stations and 
sections by using continuously received information on the 
status of each block-section, which makes it possible to moni-
tor the trains without the need for their visual observation [1].

On railways, the conditions of rail chains become more 
unfavorable (ballast contamination and increase in its con-
ductivity, the state of insulating joints, rail connectors). The 
main methods of protection against interference of station rail 
circuits include the phase protection principles with the use 
of opposite phases of adjacent rail circuits. The application of 
phase noise protection has its own problems, from neighbor-
ing rail chains, the influence of wandering currents. In the two-
element sectorial plug-in (DSS) relay, there are the following 
disadvantages: relatively small contact resource (100.000 
operations); the influence of temperature on the character-
istics of the relay is great; jamming the sector with the plates 
of the “swollen” core. Taking into account the above, it will 
be expedient to search for other methods of protection and 
improvement of station rail circuits [2–3].

Main part
In station rail circuits, noise immunity can be improved 

by retaining the phase method of protecting the track receiver 
from interference from the adjacent rail circuit and adding a 

pulse mode to protect it from external sources of interference. 
Using a pulse-phase analyzer as a path receiver in station rail 
circuits, it is possible to significantly reduce the risk of danger-
ous failures of station rail circuits (see Fig. 1–2.).

To increase the safety of station rail circuits, a model of a 
pulse-phase path receiver is proposed in (Fig. 3). From a sound 
generator, a voltage with an amplitude of 10V equivalent to a 
rectangular pulse at a threshold of the sensitivity of a phase-fre-
quency analyzer of approximately 0.55V is applied to the input 
of an PPhA. The voltage of a local source U0 with a frequency 
f0 = 50 Hz is taken 5.2V (nominal for operating conditions). In 
parallel to the winding of the IRR relay, a digital voltmeter is 
switched on in the manual start mode. The integrating proper-
ties of the voltmeter are set approximately 250 ms.

At fixed values of the frequency of the sound generator 
fn, the voltages on the IRR winding were repeatedly count-
ed using a digital voltmeter. In this case, for f f f fп 0 п 0= ≥ +, 50
Hz and f fп 0≤ −25 Hz, the results of multiple samples coin-
cided. At the frequency intervals fn from 25 to 50 Hz and 
from 50 to 100 Hz, oscillations of the measurement results 
caused by infra-low frequencies in the vicinity of f0 were 
observed. The obtained experimental function u f fср п=ψ ( , )0  
(Fig. 5) confirms the results of theoretical calculations in 
the neighborhood of f0 and for multiple Tn/T0. The voltage 
levels on the IRR winding turned out to be lower than the 
calculated ones, since the influence of the voltage drop 
across the transistors VT1, VT2 and the diodes VD1, VD2 
of the PPhA block, as well as the rectifier bridge diodes built 
into the IRR relay case, was not taken into account in the 
calculation.
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Figure 1. General scheme of the pulse‑phase analyzer (PPhA)Where, PPA – pulse power analyzer 
relay; IRR – pulse converter with rectifier attachment reed switch relay;IF – impulse phase relay

Figure 2. Structural diagram of the pulse‑phase analyzer

Figure 3. Model of a pulse‑phase track receiver

The band of frequency selection of the pulse-phase ana-
lyzer depends on the integrating properties of the track re-
ceiver. The measurements are performed directly on the IRR 
winding and do not take into account the voltage drop across 
the diodes of the IRR rectifier bridge. If, for example, the relay 
has a trigger threshold of 2.0V, then the selection band for the 
pulse-phase analyzer for this relay will be between 46 and 54 
Hz (see Figure 5). In other words, at interference frequencies 
below 46 and above 54 Hz, the pulse-phase track relay does 
not respond to interference, regardless of their amplitude.

The circuit of the pulse-phase analyzer is protected from 
a dangerous failure by the fact that in the event of damage to 
its elements, the pulse-phase track receiver passes from the 
state of impulse operation to the protective state "perma-
nently on" or "permanently off ". As a result of this, the states 
of the contacts of the PPA relay and the IF relay are violated 
during their dynamic operation when receiving a signal from 
the rail circuit, and the signal at the output of the dynamic 
conjunctor disappears.
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Figure 4. The dependence of the average voltage on the frequency

The idealization of the characteristics of diodes and 
transistors adopted in the calculations is justified, since the 
absolute value of the voltage level does not influence the 
conclusions about the frequency properties of the pulse-
phase analyzer.

The phase-amplitude characteristic of a pulse-phase track 
receiver obtained experimentally and is shown in (Fig 6). A 
distinctive positive feature of this characteristic from the anal-
ogous characteristic of the TSP relay is the independence of 

the phase sensitivity angle from the amplitude of the signal 
from the rail circuit. The influence of the spread of the gains of 
transistors on the results of experimental studies is negligible.

Phase sensitivity of the pulse-phase analyzer within cer-
tain limits depends on the amplitude of the voltage of the ref-
erence signal u0 and uпор on the threshold of operation of the 
pulse-phase track receiver. If necessary, the phase sensitivity 
angle of the pulse-phase path receiver can be controlled by 
changing the reference signal level u0.

Figure 5. Amplitude‑phase characteristic of a pulse‑phase track receiver

Conclusions
The proposed pulse-phase analyzer meets the require-

ments for the equipment of railway automation and telem-
echanics used in floor-standing devices. The width of the am-
plitude-phase characteristic when the ambient temperature 
varies from minus 60 °C to plus 60 °C and the value of the local 
voltage UM = 5.5V, which corresponds to the nominal value of 
the voltage on the pulse relay type IRR included at the output 
of the unit. If the value of the track voltage Un is more than 
10V, the phase sensitivity zone does not change. The phase-
amplitude characteristic of the proposed track receiver shows 

the independence of the phase sensitivity angle from the am-
plitude of the signal from the rail circuit. This means that the 
oscillations of the detuning angle, caused in practice by chang-
ing the external conditions, do not lead to a general detuning 
of the impulse-phase track receiver under consideration. As a 
positive factor, we also note a slight effect of temperature on 
the phase-amplitude characteristic. The solution obtained is 
relevant for encoding information with automatic locomotive 
signaling, and in a pulse-phase rail circuit, a sound property is 
a means of ensuring the safety of train traffic.
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specificity of the evolutionary process of which is the logarithmic spiral and three generations of cosmological con-
stants that determine the fundamental interaction of elementary matter.
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By getting into the swing of things,

We gain understanding.
And by realizing the meaning of things,

We create consciousness [1].
In [2], it is shown that the spectra of the values of the ba-

sic physical parameters of elementary matter in the Universe 
are constrained by the limit values. For example, the possible 
magnitude r and mass m of elementary particles are within 
the following ranges δi:

 δr = [rmin = 1.61·10–33cm – rmax = 3.00·1010cm], (1)
 δm = [mmin = 1.17·10–48g – mmax = 2.17·10–5g]. (2)
Does this mean that beyond the limits values of these 

ranges, elementary matter is fundamentally absent? No, it 
does not! Quite the opposite, the elementary matter that, in 
its physical parameters, lies outside the specified values of the 
ranges (1, 2) has the same rights to exist, as much as the matter 
that lies within these ranges.

If matter outside the ranges indicated in (1, 2) exists, then 
where is it located? The answer should be obvious – in other 
ranges, each of which specifically defines its “own” Universe!

Hence, this logic leads to the conclusion that there 
are a multitude of Universes, the matter of each of which 
is built on elementary particles, which in terms of their 
physical parameters make up a finite set constrained by 
limiting values.

If we assume the existence of a multitude of Universes, 
then there is another fundamental question: where are all 
these Universes located? It is reasonable to assume that there 
are points of space in the vicinity of which there are simultane-
ously representors of the elementary matter of many Univers-
es. If this is true, then the following conditions are fulfilled:

1. Multitudes defined by the spectra of the permissible 
values of the physical parameters of the elementary matter of 
“peculiar” Universes Ui, intersect, and therefore the above as-
sumption is in no way connected with existing theories about 
nested Universes, such as “one inside another inside another, 
etc.”, since the inner contents of each Universe does not intersect 
with other, which means, they are not observable to each other;

2. Bosons may be located in any quantity at any point in 
space;

3. Fermions may be in one quantum state (no more than 
one) in accordance with the Pauli principle.

However, if in the point vicinity of space there can be si-
multaneously representors of the elementary matter of many 
Universes, then, how is it that the representatives of the matter 
of each Universe are not observable to each other? It turns out 
that this is possible only in one case: if elementary particles 
of the same range cannot physically interact with the elemen-
tary particles of the other, i. e. the matter of one Universe does 
not, completely or partially, “sees” the matter of the other. For 
example, the observed matter of “our” Universe does not in-
teract with any dark matter, or with dark energy, which in turn 
(and this is more than likely) are representors of the matter 
of other Universes. Hence, there is a fundamental factor that 
ensures that the matter of a particular Universe is isolated and 
not observable from any other.

Therefore, the logical conclusion is that the limita-
tions of the physical interactions of elementary particles, 
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which are based on various world constants is the funda-
mental factor, which ensures the isolation and non-ob-
servability of the matter of one particular Universe from 
any other.

Existing mathematical expressions for describing the acting 
forces that determine the very fact of existence and the physical 
interaction of elementary particles are universal for any ranges. 
Given this, it should be assumed that the specificity of the physi-
cal interactions of elementary particles within each range is de-
termined by the specificity of the constants, [2]:

 Felastic = ӄr, (3)
 Felm = e2/r2, (4)
 Fgr = γm2/r2, (5)

where: Felastic – is the force of the internal field of an elementary 
particle that has an elastic effect on the environment;

Felm and Fgr – are the forces of electromagnetic and gravi-
tational interactions between identical particles;

γ – is the gravitational constant.
In order to reduce the number of calculations, we use the 

main expressions from [2, 3] to determine the context and 
meaning of the world constants contained in equations (3–5):

 mω2 = ӄ, (6)
 rω = c, (7)
 rm = ҟ, (8)
 ҟc2 = ћc = q2 = е2β2, (9)

where: m and ω – are the rest mass and the oscillation fre-
quency of the internal energy of the particle;

ӄ – is the coefficient of proportionality of the elastic force, 
which determines the frequency of oscillations of the internal 
energy of the particle ω = (ӄ/m)1/2;

r – is the radius of the particle, determined from: λк = 2πr, 
where λk – Compton wavelength;

ҟ and c – are constants that determine the particle charge 
and the speed of light in a vacuum;

ћ – is the Planck constant, which determines the action of 
the internal energy pulse of a particle within its Compton radius;

q and е – are the electric charges of the particle, related to 
each other as: q = еβ;

β – is determined by equation: β2α = 1, where α – is the 
fine structure constant;

In [2], it is shown that at the Planck point all three forces 
(3–5) are equal to the same value: Felastic = Felm = Fgr = Fmax, 
and therefore their average geometric ratio for these forces 
is valid:

 F2
elm = FelasticFgr (10)

The solution of (10) at the Planck point relative to γ is 
presented by the following:

 γ = c4/(mmaxc
2/rmin), (11)

Modifying (11) using mmaxrmin = ҟ and in accordance with 
(8), the following is obtained:

 γ = ҟc2/m2
max → m2

max = ҟc2/γ, (12)
 γ = r2

minc
2/ҟ → r2

min = γҟ/c2. (13)
The expressions (12, 13) show that the assigment of gravi-

tational constant γ to any range is determined by the values 
of rmin and mmax, corresponding to the Planck point of this 
range, and therefore γ is specifically defined within the limits 
of one range, i. e. one Universe, and since in other Universes 
the ranges are different, they also have other Planck limiting 
values, i. e. in other Universes, the gravitational constants are 
different in magnitude.

In order to find the functional positioning of the ranges 
of elementary matter of different Universes, we shall analyze 
of how the limiting parameters of elementary particles of dif-
ferent Universes are correlated, for example: “our” (middle) 
Universe and the two nearest to it – upper and lower, is de-
noted by: UU, UM, UL.

Using the world law of scaling [4], the material of this 
work and the centimeter-gram-second measurements, we 
receive the following data (Table 1), which allow us to draw 
some important conclusions about the functional depen-
dence of the cosmological parameters of matter in the Uni-
verses UU, UM, UL:

Table 1.

min gm max max/min γ
1 2 3 4 5 6

UU

r 6.95·10–12 3.00·1010 1.29·1032

1.86·1043

1.24·1036

m 2.72·10–70 1.17·10–48 5.04·10–27

UM

r 1.61·10–33 6.95·10–12 3.00·1010

6.67·10–8

m 1.17·10–48 5.04·10–27 2.17·10–5

UL

r 3.73·10–55 1.61·10–33 6.95·10–12

3.59·10–51

m 5.04·10–27 2.17·10–5 9.34·1016

where: gm –is the geometric mean: gm2 = min·max

From Table 1, we can conclude for r:
1. The homogeneous values for the columns (2–4) are related 
to each other on the basis of the mean geometric progres-

sion, the denominator is the first cosmological constant: 
Υ1 = 4.31·1021.
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The analysis of the equations (6–9, 12, 13) shows that the 
main world constants have a different cosmological status, and 
all the constants relative to their essence and the foregoing can 
easily be grouped into three generations.

Hence, in relation with the increase in the status of con-
stants, the specificity of each of the three generations Gi is 
defined as follows:

G1 – determines the specificity of the properties of matter 
in a single Universe.

G2 – determines the universality of the properties of mat-
ter for any Universe.

G3 – establishes a correspondence between the Universes 
and multitudes of them.

Table 2 shows the distribution of constants by generation:

Table 2.

Gi constants
G1 r, m, ӄ, γ
G2 ҟ, c, ћ, q, е, β
G2 Υ1, Υ2,

Is there a functional positioning between the different 
ranges δi, hat determine the range of permissible values of the 
physical parameters of elementary matter, specifically related 
to the Universes Ui and, if so, in what form?

In accordance with the data of Table 1, it is not difficult 
to construct a graph in polar coordinates and relative units. 
Its external view shows that the curve allowing the functional 
connection of the spectra of permissible values of the physical 
parameters of elementary matter of different ranges, specifically 
related to different Universes Ui, is a logarithmic spiral. The fol-
lowing fundamental property of the logarithmic spiral is based 
on the construction of the graph: if the angle of the sequence of 
radii changes as an arithmetic progression, then the lengths of 
the corresponding radii form a progression-geometric.

Figure 1.

The dashed lines shown in the figure are semicircles that 
intercept their diameters, which are ranges of permissible val-
ues of physical parameters of elementary matter of multitude 
of Universes Ui. Moreover, each diameter at the point “o” is 
divided on the average geometric ratio into two unequal seg-
ments, the smaller of which establishes the spectrum of per-
missible values of the physical parameters of the fermions, 
while the total diameter sets the spectrum of the allowed val-
ues of the physical parameters of bosons.

Below in Table 3, the geometric mean ratios of the radii 
of the logarithmic spiral, where different ranges correspond 
to different Universes Ui:

Table 3

Ui Radius ratio
UU ob2 = oa·oc
UM oc2 = ob·od
UL od2 = oe·oc

Etc.
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The graph also shows that the only point of space in the 
vicinity of which representors of the elementary matter of all 
Universes are present is the focus of the logarithmic spiral: 
(point “o”), although this point itself is unattainable, since the 
motion along the spiral towards it tends to infinity.

Another fundamental property of the logarithmic spiral 
is also interesting: if the point is moving away from its pole, 
then the moving rate is proportional to the distance traveled, 
and this is not accidental! With this amazing property of the 
spiral, another well-known fact is that the more distant galax-
ies are moving away from us at a faster rate.

It is amazing that the process of evolution of the mul-
titude of Universes is described by a logarithmic spiral first 
discovered by the great René Descartes (1596–1650) and 
named by the great Jakob Bernoulli as (1655–1705): “the 
marvelous spiral”.

Amazingly, but, the equally great Johann Wolfgang von 
Goethe (1749–1832) said: “You will not find the more perfect 
structure”. Of course, the “structure” he referred to was the 
logarithmic spiral.
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By getting into the swing of things,

We gain understanding.
And by realizing the meaning of things,

We create consciousness [1].
Current concepts of elementary particle physics and 

the universe are based on the absence of adequately accept-
able models. For this reason, the theoretical description and 
further experimental development of physics in these direc-
tions has slowed down. Further attempts to develop particle 
physics at accelerators the continuously increasing capacity 
are becoming more futile. The logic of this futile is a simple 
aphorism: “You can’t make an omelette without breaking 
eggs” (Literal translation: If you hew trees the chips must fly), 
and if the power output of the hewing process increases to 
“madness”, then the whole forest turns into chips. The situ-
ation has reached a point where many hundreds of suppos-
edly short-lived useless particles had been already registered 
as “chips”. It should not be forgotten, however, that the cost of 
such experiments is commensurate with the budgets of many 
States participating in these projects. Therefore, the methods 
of non-accelerator and theoretical physics are becoming more 
and more important [2].

Desired models are those that could combine, for ex-
ample, the properties of the internal structure of elementary 
particles with the properties of experimentally observed in-
teractions of these particles with their environment. There is a 
need for more realistic models of the Universe, since the cur-
rent standard models of the Universe is built on the “Big Bang” 
theory and is burdened with problems leading the theory of 
the Universe to a dead end. The futility of this theory has stand 
out a mile for a long time, because this theory does not cor-
respond to one of the fundamental principle of the existence 
of everything – objectives definition; moreover, the idea of a 
singularity itself is absurd.

As one of the many approaches addressed to the solving of 
issues discussed above, it would be advisable to consider: “Is 

there a law according to which the symmetry that determines 
the world of fundamental properties of elementary particles 
is scaled and respectively destructed?” It is still unclear under 
what law the fundamental properties of elementary particles are 
changed as they move in space from their centre to the periph-
ery and further up to distances much larger than their own sizes. 
It is also still unclear in what ratio is the existence genesis of a 
huge variety of objects in the universe, and in particular of the 
objects that owe their existence to the action of various mani-
festations of forces of electromagnetic and gravitational origin.

The general analysis of the difficult problems of the theory 
of the Universe shows that many physical parameters char-
acterizing the objects of a single or composite matter in the 
Universe are functionally linked. This linkage is a result of the 
Universal law of scaling, which is based on classical geometric 
progression: an = a1 gn–1, where: a1 and an – are the first and fol-
lowing terms of the sequence; g – is a ratio of the progression, 
n – is a quantum number of scaling.

The destruction of simple symmetries, due to which ob-
jects of a matter of increased complexity or new forms of in-
teractions are created, occurs in points of a geometric mean, 
see Figure below:

The next part of this work is a continuation of the work cy-
cle under the title: The relativity of the fundamental properties 
of the electron [3]. The comment of the authors of the works 
[4] highlighting relevance of the problem under discussion is of 
interest in this regard: “There is no doubt that the understand-
ing of the structure of elementary particles will be as important 
as the discovery of the atomic and nucleus structure”.

The vector defining the seek search directions and devel-
opment of ideas related to the solution of such complex prob-
lems is represented by the outstanding physicist and philoso-
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pher Niels Bohr, who has repeatedly noted that it is important 
to create theories as insane as possible, but at the same time 

he believed that these theories ought to lend themselves to 
simple the description [5].

Figure 1.

At this point, expressions for a number of spatial charac-
teristics of elementary particles are well known, for example, 
for electrons such as: classical electron radius re, the Compton 
wavelength λk, Radius of Bohr’s Orbit rb, de Broglie wavelength 
λb, mean square displacement of electron rv, determined by the 
impact on the electron of virtual vacuum particles, and some 
others. Separate links between these characteristics are also 
known. Despite the fact that the essence of these and some 
other parameters needs its clarification, it would be desirable 
that there was a mathematical expression, shedding light on the 
essence and meaning of the hierarchy of stepwise complexity of 
the existing forms of elementary matter.

The analysis of above mentioned and some other math-
ematical expressions describing the different spatial charac-
teristics of the rn electron leads to a generalization that cor-
responds to the status of the law of scaling [6]:

 rn = rkβ
2n, (1)

where: rk and λк – are Compton radius and wavelength: 
λк = 2πrk, β – is a common ratio of geometric progression, 
which is determined by the equations: β2α = 1 or еβ = q, α – 
is a fine-structure constant, q – is an internal charge of the 
electrons, е – is an outer electric charge of electron, n – is a 
quantum number of scaling, which takes an integer or a half-
integer value.

1. Association of Electron Properties with the Uni-
versal law of scaling.

The following table No.1, based on the law defined by 
the formula (1), presents the expressions and corresponding 
values of the electron’s spatial characteristics. Full compliance 
of the obtained data with the already known table proves that 
the proposed expression (1) can be used to describe the spa-
tial scaling law of the fundamental properties of the electron.

Table 1.

n Parameter (cm) Name of the parameter
–3 rm = rkβ

–6 = e6/mec
4ћ2 = e2/mμc

2 1.5·10–17 Classical monopole radius
–2 rμ = rkβ

–4 = e4/mec
3ћ = ћ/mμc 2.06·10–15 Compton radius of the monopole

–1 re = rkβ
–2 = e2/mec

2 2.82·10–13 Classical electron radius
0 rk = rkβ

0 = ћ/mec 3.86·10–11 Compton radius of the electron
1 rb = rkβ

2 = ћ2/mee
2 5.29·10–9 Min atomic size, Bohr radius

2 ra = rkβ
4 = ћ3c/mee

4 7.25·10–7 Max atomic size
3 rм = rkβ

6 = ћ4c2/mee
6 9.94·10–5 Size of biomolecules

The table No. 1 shows that each point corresponding to 
the current discrete spatial parameter of the electron is the 
geometric mean of the two neighbouring:

rμ
2 = rerm

re
2 = rμrk = rmrb

rk
2 = rerb = rμra = rмrm

rb
2 = rkra = rмre

ra
2 = rbrм

Moreover, these are the points where a certain part of the 
previous symmetries is destroyed.

The spatial scaling of the electromagnetic forces, which is 
based on the Coulomb’s law Fкул ~ 1/r2, is responsible for the 
decay of the seemingly simple Coulomb force into residual 
and more complex forces that determine the interatomic and 
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intermolecular interaction. For example, such residual forces 
as: dipole, quadrupole, ionic, metal, hydrogen, valence, co-
valent, Van der Waal’s, polarization, induction, dispersion, 
orientation and some others.

It should be noted that the electric force itself, as deter-
mined by the Coulomb’s law, is also residual, since the outer 
electric charge of the electron e is β times less than the internal 
q, i. e. q = eβ. For this reason, it is the internal charge, which is 
the primary source of all the others, determines the interac-
tion of the electron with the external vacuum environment.

As a result of scaling of the fundamental properties of the 
electron there are functional spatial ranges with high specific-
ity, between which, starting from the centre, the gradual com-
plication of the created objects of matter occurs when mov-
ing, i. e. the formation of forms from simple to more complex, 
which is shown in table No. 2. It is obvious that not only the 
electron, but also more important particles such as proton 
and neutron are responsible for the formation of many forms, 
as they are also structurally made up of electric charges, and 
therefore have their own specific scaling ranges.

Table 2.

Discrete range Name of specifity
r–1 – r–2 = 2.82·10–13–2.06·10–15 Effect of monopole. K-capture. Muon.
r0 – r–1 = 3.86·10–11–2.82·10–13 Inner energy effect – mec

2.
r1 – r0 = 5.29·10–9–3.86·10–11 Effect of the charge q, force field generation
r2 – r1 = 7.25·10–7–5.29·10–9 Range of electron shells of atoms.
r3 – r2 = 9.94·10–5–7.25·10–7 Water molecule, DNA, viruses.
r4 – r3 = 1.36·10–2–9.94·10–5 Bacteria, erythrocytes, cell nucleus.
r5 – r4 = 1.86·10–1–1.36·10–2 Skin cells, a large bacterium, amoeba.
r6 – r5 =2.55·101–1.86·10–1 Ant, chicken egg.
r7 – r6 =3.49·103–2.55·101 Human

Let’s write down the expression for the force acting 
between the internal electron charges for n = 0 as follows: 
Fq = q2/r0

2. This expression is completely symmetrical in rela-
tion to the electric e and magnetic μ of the electron charges. 
Write down the expression Fкул for n = 1 and –1:

 Fкул = q2/r1
2β2, for q2/β2 = e2, → Fкул = e2/r1

2. (2)
 Fкул = q2β2/–-1

2, for q2β2 = μ2, → Fкул = μ2/r–1
2 (3)

It follows from (2) and (3) that the symmetry of the elec-
tron internal charge q has fallen into classical charges: electric 
e and magnetic μ. Excluding from (2) and (3) β and consider-
ing that q2 = ћc, we get:

 eμ = ћc, (4)
In 1931, P.A.M. Dirac, who proposed the idea of the exis-

tence of magnetic monopoles, derived an equation for quan-
tization of the electric charge as follows [7]:

 eμ = (n/2)ћc, (5)
In the calculations (5) was used the condition that the 

electron orbital magnetic moment is quantized. However, in 
our case, n = 1, as for (4) in (2) and (3) was considered only 
the basic state, and the deuce should be absent, because in 
calculations of the electron magnetic moment (as part of a 
more modern electron model) the full area of current sheet 
is covered completely when turning not on 2π, two times less. 
Therefore, the formulas (4) and (5) are the same.

If the right side of equation (4) is multiplied and divided 
by β2, and considering that:

 e2 = ћc/β2, (6)
 μ2 = ћcβ2, (7)

the following system of equations is obtained:
 μ = (n/2)eβ2, (8)
 e = (n/2)μ/β2. (9)
Solving the system of equations (8,9) referred to μ or e, 

we get: n = ± 2, which proves the coincidence of formulas 
(4) and (5).

Solving the system of equations (6, 7) referred to β, and 
considering that q2 = ћc, we get:

 q2 = eμ. (10)
The expression (10) shows that the internal charge of the 

electron q, is the geometric mean between the external electric 
charge of the electron e and its internal magnetic charge μ.

With expressions and their corresponding values (see the 
table No. 1), characterizing the classical radius of electron and 
monopole, it becomes possible to calculate the mass of mono-
pole. In order to do this we shall write down the ratio of the 
two radii in the following form and we get:

 mμ = (rе/rμ)me = 1.88·104me. (11)
mμ value in (11) is 4 times higher than the value of the mono-
pole mass obtained in [2]. This non-coincidence is due to the 
fact that the calculations in [2, p.354] are based on the equa-
tion (5), while the present calculations are based on a more 
correct equation (4). Proof of this conclusion is the fact that 
mμ is also subject to the scaling law, i. e.:
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mμ = β4me = 1.88·104me, as according to the law (1) rе = rμβ
4.

Let’s write down (1) for n = –1/2:
 r–1/2 = rv = rk/β, (12)
The analysis shows that the expression (12) up to the 

weakly varying logarithm coincides with the known expres-
sion for the mean square displacement of rv electron in its 
interaction with the field of vacuum virtual photons [8], 
the author of this work has considered this phenomenon by 
the methods of the classical theory. It should be noted that 
this phenomenon in the scientific literature is more known 
as “Lamb shift”. It should be added that rv obeying law (1) 
is connected with other important spatial characteristics of 
electron by the geometric mean ratio:

 rv
2 = rkre. (13)

Association of properties of the universe with Universal 
law of scaling.

Examples of the application of the law of Universal scaling 
in different spheres of existence of matter in the Universe are 
represented in the following § § 5,6,7,8. Obviously that this list 
is not exhaustive, and in fact there are countless examples of this.

Up-to-date information about the distribution of matter 
in the Universe, that become standard, shows that the major 
global types of matter are approximately within the following 
percent range, the values of which are specified in table No. 3, 
but for quite a long time, the results of the study of these rang-
es are increasingly converging to their geometric mean ratio, 
and therefore increasingly satisfy the law of Universal scaling:

Table 3.

Type of matter in the universe % Average
Mo ordinary matter 4–6

Mdm
2 = MoMde

Mdm dark matter 18–24
Mde dark matter 68–75

The following table No.4 shows the geometric mean ratio of the fundamental forces in the universe at the Planck’s extreme values:

Table 4.

Fundamental forces at the Planck point Average
Fg Gravity: Fg = m2/r2

Fc
2 = FeFg

Fc Electromagnetic: Fe = q2/r2

Fe Elastic: Fe = kr, where: k = mω2

DNA and blood are the most important components 
of living matter in the universe. Tables No. 5 and 6 indicate 
that the main constituents of these components are also con-
nected by the geometric mean ratio. The value ranges of the 

constituents shown in table No. 5, as well as in table No. 3, are 
increasingly converging to their geometric mean ratio as the 
relevant studies develop.

Table 5.

Genetic variation in DNA % Average
Gcp genes encoding proteins 2–5

Grs
2 = GcpGep

Grs repetitive gene sequences 20–30
Gep genes that do not encode proteins 70–80

Table 6.

Blood corpuscles pcs/mm3 Среднее
kл leukocytes 8·103

kт
2 = kлkэ

kт platelets 3·105

kэ erythrocytes 5·106

Tables No. 7 and 8 indicate the values and their compli-
ance to the law (1) the most important parameters of living 
and inanimate matter in the Universe. The tables show that 
the most important members of the matter in the Universe: 

living-human, and inanimate – electron, hold their geometric 
mean positions in the Universe respectively, which is fully 
consistent with the law of Universal scaling.
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Table 7.

Masses of objects and the universe g Average
mmu min mass of object in the Universe 10–48

mp
2 = mmumu

mp human mass 104

mu mass of the Universe 1056

Since the human mass accurately holds his average geo-
metric position in the Universe, it is fair to conclude that the 
estimation of the mass of the Universe as a whole as mu = 1056g 
is realistic. If this is so, it is reasonable and logical to assume 
that the human size must also correspond to his geometric 
mean position in the Universe. However, recent developments 

in astrophysics show that the size of the Universe is equal to 
ru = 1027cm, which is 1010 times less than the number specified 
in the table No. 8. This contradiction does not conform to the 
law of Universal scaling, which requires that the size of the uni-
verse correspond to the value specified in table No. 8, which 
means that the real size of the corresponds to ru = 1037cm.

Table 8.

Sizes of the objects and the universe cm Average
rmo min size of object in the Universe 10–33

rp
2 = rmoru

rp human size 102

ru size of the Universe 1037

Let us imagine that, according to the existing embedded 
universe theory, there are Universes that differ in size as they 
are embedding: the upper – U–1, “our” current – U0 and the 
lower– U+1. Assuming that the ratio of Universes sizes corre-

sponds to the law of Universal scaling, it is logical to assume 
that the ratio of these sizes also satisfies the geometric mean, 
as shown in table No. 9, where common ratio of the progres-
sion is chosen equal to 1021.

Table 9.

Sizes of the embedded universes cm Average
U-1 Size of the upper Universe 1058

U0
2 = U–1U+1

U0 Size of the current Universe 1037

U+1 Size of the lower Universe 1016

Thus, it should be considered to be proven that the fun-
damental fact – the law of Universal scaling exists. 18 funda-
mental examples in a wide range and the correspondence of 
the law to reality, which are represented in this paper, prove 

conclusively its universality. This universality is based on the 
principle of objectives definition, without which the Universe 
cannot exist.
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The desire for freedom is a fundamental principle of so-
ciety. Human life is not possible without the struggle for free-
dom – the freedom to express their opinions, to express and 
discuss their views and to join groups and parties to choose 
and change the government, vote for their representatives, or-
ganize their social and economic life in accordance with their 
needs – until long as it does not violate the peace. Naturally, 
Uzbekistan has its own priorities:

Firstly, we aim to ensure that Central Asia was a center 
of stability and prosperity.

Secondly, we want Islam developed as an enlightened, 
peaceful and tolerant religion that can itself be a barrier to the 
spread of distorting the essence of his extremist interpreta-
tions barrier spread the ideology of international terrorism.

Third, we aim to ensure that democracy is accustomed to 
the flesh and blood of Uzbek society.

Fourth, in our state do everything in order to meet the 
social system and the principles of modern humanistic society 
and traditional values.

Through deep and open-circuit democratic reforms in 
Uzbekistan achieved political stability, national consensus, 
interethnic and interreligious tolerance.

In the last third of the twentieth century, the problem of 
“Islamic fundamentalism” has become urgent in the world 
where there is an increase in the number of religious groups 
with radical political program. Strong politicization of reli-
gion, especially in the regions of spreading Islam, amid a burst 
of national and religious identity of the peoples living in them, 
as well as the spread of the individual religious and political 
groups of extremist ideology for political purposes is a major 

challenge for the world community. True roots, the history 
of extremism and terrorism that exists today in all parts and 
regions of the world, require serious consideration.

All of us are witnesses to how unpredictable conse-
quences and results lead attempts to distort the essence of 
the enlightened, tolerant and peaceful Islam, tie our sacred 
religion against international terrorism, thereby sowing hostil-
ity toward her. We do not agree with the fact that under the 
guise of loud slogans of the struggle against terrorism and the 
promotion of “counterfeiting” of democracy, not taking into 
account national and religious traditions, spiritual values   and 
mentality of the people, individual states have their own in-
terests. We are all united in the fact that democracy is not an 
export “commodity”, which is also sometimes implanted by 
force. In this case, the very concept of democracy and its basic 
principles are discredited.

Using the term “Islamic fundamentalism”, we believe it is 
important to pay attention to the inadmissibility of its applica-
tion as a kind of universal “political label” existing in the Is-
lamic world, ideological trends, diverse in origin and content.

Also, please note the lack of a uniform interpretation of 
the term “Islamic fundamentalism” in scientific circles. Some 
researchers, for example, associate it with traditionalism, but 
others oppose traditionalism and fundamentalism [1].

Fundamentalism – a phenomenon common to other reli-
gious systems. Thus, the Russian orientalist I. Alekseev notes 
that “fundamentalists, based on the lexical meaning of the word, 
should be called the followers of a particular ideology, that ap-
peal to its base, fundamentals and seek to put these basics in 
life.” [2] According to A. Abdel-Malek, “fundamentalism is a 
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permanent feature of all mature civilizations” in the period in 
which they face tangible threats or crises [3].

Fundamentalism – a trend that is negative reaction of con-
servative religious circles on secularization, i. e. emancipation of 
science, culture and public life from religion. Opposite trend can 
be considered modernism. As pointed A. Kyrlezhev, the term 
“fundamentalism” dates back to a series taken by some North 
American Protestant anti-modernist publications, “which pro-
claim allegiance to such traditional doctrinal concepts as the 
infallibility of Scripture in every detail, from the Virgin birth of 
Christ, his physical resurrection and second coming, substitu-
tion theory of atonement … These publications aroused fierce 
controversy between fundamentalists and modernists”.

From our perspective, the fundamentalists, based on 
axioms and religious doctrines, offer to restore order in the 
world, based on the authority of religious dogma. Currently 
under religious fundamentalism refers stable religious setting 
or one of the types of modern religious consciousness.

Arab analogue of the term “fundamentalism” is a term 
Usul al-Din, in the strict sense means “teaching on the basis 
of religion.” In the Sunni tradition, the term Salafiyya etymo-
logically relevant terms “fundamentalism”. In traditional Is-
lamic discourse category al-Salaf al-salihun (pious ancestors) 
includes the first three generations of Muslims – the Com-
panions of the Prophet (Ashab), their disciples and followers 
(tabi’un) and disciples of the latter (tabi’u tabi’in). Salafis, so 
are those who are in solving the issues of religious appeals to 
the experience of the Ahl al-Salaf.

Thus, what is called today “Islamic fundamentalism” is 
most often explained as the idea of restoring the original Islam 
through the appeal to experience al-Salaf al-salihun. Given 
that reliance on primary sources (Quran and Sunnah) and 
experience rannemusulmanskoy community is the basic im-
perative of Islamic religious and legal thinking, Salafi could be 
considered a Muslim consciously guided in their lives by re-
ligious norms. Thus, the term “fundamentalism” (“Salafism”) 
in the historical and cultural context means the opposite of 
the content that is embedded in this concept is applied to the 
current situation.

Russian researcher A. Malashenko[4] considers fundamen-
talism as “thought”, theory, while Islamism (or political Islam), 
in his opinion, is a practical embodiment of fundamentalism, 
that is the action. Ideologically fundamentalist organizations 
are today for the “purification” of Islam, is accused of “apos-
tasy” of the official clergy, calling for the creation of an “ideal” 
of the Muslim community, according to the Qur’an and shari-
atu[5]. Thus, the “Islamic fundamentalism” can be defined as a 
religious-political movement in Islam related to the activities of 
some socio-political, economic and social, cultural, educational 
and other groups that use in their practice slogans calling for the 

construction of the state based on the principles of “early Islam 
“(time of the Prophet and the first righteous caliphs).

Pose the greatest threat of radicalism and extremism, often 
incorrectly identified as “militant Islam”, or even “Islamofas-
cism” used by US President George W. Bush and replicable in 
the American neoconservative and other media. The latter is no 
longer just a “labeling” and the attempt to create a certain political 
forces in the west of the new “enemy image” through the use of 
propaganda clichés to justify new military action in the Middle 
East and American methods of “war on terror” [6]. In particular, 
the US expert Daniel Payps [7], director of “Middle East Forum”, 
an independent organization with a budget of more than 1 mil-
lion. US., Which is designed to “act in the interests of America,” 
is known for his statements that “Islamism – this is fascism,” and 
so. n. Such anti-Islamic clichés do not stand up to scrutiny.

Fundamentalists, indeed, often considered acceptable 
use extremist methods and violence to achieve their political 
goals. But it seems fundamentally wrong to equate “funda-
mentalism” as a phenomenon in general, extremism, radi-
calism and, especially, the Nazi ideology. Extremism in the 
Muslim world finds expression in the uncompromising imple-
mentation intentions to implement the “true Islam” in politics 
and everyday life of society. This is a set of social and political 
ideas and actions of some fundamentalist forces aimed at a 
radical change of social institutions or political system of so-
ciety in general. In this regard, the American historian prof. 
Mary Habeck said terms such as “Islamic fundamentalism” or 
simply “Islamism” is too vague. She notes that in the scientific 
literature and the Islamists call “active supporters of the revival 
and reformation of the Muslim religion, which could result in 
a return to political power. However, Islamism is neither or-
ganizationally, nor ideologically homogeneous movement. It 
covers a great variety of groups that are very different imagine 
their specific objectives and methods to achieve their goals 
“[8]. As an example M. Habek leads Turkish ruling “Justice 
and Development Party”, which operates under the rules of 
international law and the democratic political process. Among 
the organizations that are used to capture political power of 
such methods of struggle, which go beyond the legitimate 
from the point of view of international law [9], may include, 
for example, the following fundamentalist movements and 
groups: in Egypt – “Gama’a Islamiya”, “Jihad Islami ‘; Jor-
dan – “Soldiers of Allah”; Yemen – “Al-Islah”; Saudi Arabia – 
“Al-Fajr”; Pakistan – “Tanzim al-Irshad Da’waat”, “Harakat al-
Ansar”; Afghanistan – “al-Gama’a al-Afghan Mujahedin” and 
“Taliban”; Turkey – “Boz Kurt”; North Caucasus – Wahhabi 
group “Islamic Jamaat”, “Army of the Imam” et al. [10].

Among the features that influence the formation of reli-
gious extremists, particularly noteworthy development of re-
ligious fanaticism, which promotes the belief that the “shahid” 
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(martyr who died for the faith) must go to heaven [11]. Bigotry 
is actively used by all religious radicals who are trying to imple-
ment in the consciousness of Muslims hostile attitude towards 
other religions. In addition, they use the concept of “jihad”. 
By this term in Muslim theological literature refers fight for 
the faith, mainly in the following forms: “jihad of the heart” 
(struggle with their own evil inclinations); “Jihad language” 
(promoting good deeds and prohibiting bad); “Jihad hands” 
(taking appropriate punitive measures against offenders); “Ji-
had of the sword” (armed struggle against the infidels).

Islam is the traditional division between “great” and the 
“lesser jihad”, which dates back to one of the hadith of the 
Prophet, after returning from the battle of Badr (624), he said: 
“We have returned from the small jihad – to the great jihad.” 
This means that the main Muslim is not an armed struggle 
(“lesser jihad”), and the struggle of man with himself, i. e., 
moral self-improvement (“great jihad”).

But it is a form of armed jihad is used by extremists in 
their ideology and activities. In this case, they refer to some 
verses of the Quran, as well as the statements of Muslim ideo-

logues. In particular, the Pakistani fundamentalist ideologue 
Mawdudi writes: “The word” jihad “is used for a war that is 
being waged in the name of Allah against those who are the 
enemy of Islam … Jihad is a duty of a Muslim as daily prayer 
and fasting. Anyone who deviates from this is a sinner” [12]. 
These ideas formed the basis of the slogan of jihad, ie war for 
the faith, which is the most important in the arsenal of ideo-
logical means of religious extremists.

Many researchers consider the supporters of the prin-
ciple of jihad as armed struggle for the faith and against the 
“infidels” as “an isolated branch of the most radical of the 
Islamic fundamentalism”, which is called “jihadism”. Thus, 
the above-mentioned M. Habek believes that “jihadist” 
characterizes primarily “absolute commitment to the vio-
lent breakup of the existing international system, and built 
on its ruins Muslim theocratic state” [13]. This moment, 
in her opinion, and should serve as a basis for understand-
ing the threats from ideologues “jihadism”, developed his 
“consistent philosophy Islamization of all mankind”, and to 
develop effective ways of neutralizing them.
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Historical experience shows that the real wealth of soci-

ety is the human race. Therefore, President of the Republic of 
Uzbekistan Shavkat Mirziyoev notes that “The names and rich 
heritage of great thinkers who came out in this blessed land 
such as Imam Bukhari, Abu Ali Ibn Sina, Muhammad Narshahi, 
Abdukholiq Gijdivani, Mirza Said Kulol, Hodja Orif Revgari, 
Bahawuddin Naqshband, are famous in the East and West [1].

One of the peculiarities of the time when the great scien-
tist Ibn Sina lived was that in the 11th century, a certain level 
of development of culture and science was achieved on the 
territory of our country, and this, in turn, had a positive impact 
on the process of the Eastern Renaissance. The views of the 
scholar given in his works and treatises, on solutions to com-
plex social issues like education stand out being of scientific, 
realistic, theoretical, and practical importance. The scholar 
discusses the methods and educational rules in the system of 
shaping the physical, moral and ethical world of children. At 
the same time, the scientist pays particular attention to the 
personality of teachers who play an important role in the edu-
cation of harmoniously developed generation, as well as their 
moral, educational and physical qualities. Ibn Sina states that 
if the laws that are compatible with all members of society are 
accepted, there cannot be any injustice. Members of the com-
munity must be punished if they allow injustice [3].

There are valuable thoughts about the role of art in soci-
ety and human life in Ibn Sina`s doctrine. The aesthetic and 
social considerations of the scholar are an important part of 
his work called ‘Love’. In this work, the scholar made scientifi-
cally grounded statements about the expression of love and the 
existence of physical objects. It is well known that people seek 
beauty through love, and beauty, in turn, is an expression of 

perfection in society. Ibn Sina develops these ideas and forms 
his social utopian views. According to the scholar, the basis of 
the development and perfection of all beings is love. Because 
of love, there is a positive development in all aspects of society, 
and there is a movement. In this respect, the scholar empha-
sizes this aspect of a person’s aspiration for social progress and 
improvement of behavior. Therefore, Ibn Sina considers love as 
a human aspiration for growth and development. The views of 
Ibn Sina regarding ethics are discussed in the following allegor-
ical books: “The Book of Healing”, “The Book of Guidance and 
Advice”, “The Book of Knowledge”, “Gift”, “Salamon and Ab-
sol”, “Yusuf ”, “Treatise on Household”, “Treatise on Love”. Ibn 
Sina investigates ethics as a special science that is theoretically 
determining the boundaries of good and evil, which is essential 
to human well-being, in his view, the aspiration to goodness is 
given to human being from birth, which is reflected in his con-
stant attempt to develop. It is this aspiration that drives people 
to good qualities. That is why goodness is the manifestation 
of the essence of spiritual perfection in the social life. He says 
that good and evil are manifested in all human movements, 
that is, in some cases the results of goodness can have negative 
consequences, as well as good behavior can be gained through 
negative actions. Therefore, relationships between good and 
evil play a crucial role in human beings, and in each case, they 
can either increase or decrease in human activity. According to 
Ibn Sina’s doctrine, pleasure is the result of achieving goodness, 
and sorrow is, in its turn that of evil. Human beings should be 
aware of the content of both, namely, good and evil are relative 
notions. Moreover, people are fond of good food, nice clothes, 
and diverse entertainment, according to ethics of hedonism. 
At the same time, this situation is in harmony with good 
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actions. It is important to note that the inner pleasure plays an 
important role, as this is achieved through enjoyment of social 
life being healthy, and satisfaction of his minimum desires The 
manifestation of the true goodness and the evil in human life 
can be seen in his actions, honest intentions, and fair decisions. 
For this reason, the scholar emphasized the fact that negative 
actions by a human being are a sign of his indecent intentions, 
imprudence and injustice. Such human qualities are formed 
by the influence of the environment which allows them to be 
loyal to moral duties, or vice versa [4].

Ibn Sina studies the negative aspects of spiritual develop-
ment, and criticizes the ignorance and greed that people expe-
rience. He notes that people who are free from these negative 
feelings can be trusted in life.. A jealous person can never be 
calm, reasonable, or happy. Also, human knowledge, and at-
tempt to gain superior intelligence are moral and ethical pe-
culiarities that are characteristic to people. Another negative 
aspect in person`s moral condition is egoism. A selfish person 
is unable to know or understand the true nature of things and 
realities. Such a person puts his desires ahead of realities of 
the universe, and, as a result, does not deeply comprehend 
the world from moral point of view, and thus avoids the truth.

Ibn Sina criticizes anger and cruelty, of one of the emo-
tional states specific to a human being. He also notes that not 
being able to control anger leads them to a detrimental moral 
state, making them be like a wild animal. Angry and cruel per-
son does not see the spiritual world; he/she does not notice 
the beauty living one-sided life only for his body. The most 
severe punishment for an angry man is the wrath of God. To 
avoid this situation, a person must try to control anger, and 
to attain maturity, it is best for him to be generous, to be su-
perior to anger, and even to respect those his offenders. The 
most important quality of a person who is a superior being is 
reflected in generosity. The attempt to have a good character is 
a purposeful action, and desire for evil is a negative quality [5].

Being perfectly aware of the human being as living organ-
ism, the scholar notes that human life and health are system-
atically associated with death. Due to this fact, scientists may 
not have been able to clarify the true nature of human health 
so far. The concept of joy is also relative, because it is related 
to the opposite content of grief. As a great scientist, Ibn Sina 
thoroughly studies human nature, and infers that people can 
not have true friends as spiritual and social entity. Since ev-
eryone is connected to each other with thousands of invisible 
threads, relationships can not be entirely gracious and impar-
tial. Everyone should be well aware of this fact as the result of 
history of social development and social life [4].

The scholar thoroughly discussed the essence of good and 
evil, one of the main categories of ethics. In his opinion, detesta-
tion or avoidance of evil is the beginning of good. But for sins, 

crime, and offenses committed by man, there would be only 
positive relationships among people. In reply to the question 
“Who is an immortal person?”, he says that it is a person who 
deserves the name of the true man, who has positive ethical 
and moral qualities, and who is on the path of spiritual perfec-
tion. It is desirable for a person to maintain his average posi-
tion on a regular basis; if this balance is disrupted, the great 
attribute given to him loses the purity in relationships; he gets 
deprived of the great name of man, and falls into abyss longing 
for wealth, and thus, becomes similar to an animal. It is with this 
relationship that the scientist points out that material wealth in 
the human race can drift human beings away from the human 
relationships and make them similar to a wild animal. If a man’s 
aspiration for a sweet and luxurious life increases, he loses his 
knowledge and understanding of the truth. The scholar consid-
ers goodness and generosity to be the most important ethical 
qualities of the human being, and notes that who is free from 
these qualities is deprived of important moments in his life. He 
states that a person should emphasize three things in actions: 
first of all, not going beyond the will of God, secondly, follow-
ing what wise people say, thirdly, to fulfill what their parents 
tell them to do.. At the same time, to what extent a person is 
educated and ethical is reflected in his kindness, respect, and 
attention towards his parents [6].

In his philosophical doctrine, Ibn Sina asserts that the 
development of society is directly related to the rise of moral 
and ethical culture and human dignity. Human society and 
human relationships do not develop without features, such as 
high spiritual ethos, humanism, and human values. Disrespect 
for spiritual culture, ignorance of moral values, leads a person 
to misery, destroys the principles of human life. Corruption, 
propaganda of violence, and immorality are the forces that 
have a detrimental effect on spiritual culture [5].

Thinking about the need to follow the universal values 
in ethical issues, Ibn Sina and wrote about his own approach. 
According to the scholar, one of the most important aspects 
of a person’s life is to seek a moderate life, by eating low, sleep-
ing and speaking less. Going on with this opinion, the scholar 
notes that a wise man does not speak too much, listens a lot, 
follows reasonable advice, and understands the truth [6].

It should be noted that the above mentioned ideas by the 
great thinker consist of generalized thoughts about the concept 
and essence of a clever person. A wise person speaks less, where-
by spends more time on learning, studying the human life and 
actions. People were born as human beings, but to be worthy of 
the title of “man”, they need to work worthily. That is why every 
person creates his destiny. His happiness or misery in his life 
depends on him. The scholar considers that the cause of misery 
and poverty should be sought out from laziness, immorality, 
ignorance, and greediness. Achieving creativity through honest 
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work defines the basic content of human life. Labor, being the 
decoration of society, is the main source of life, In Ibn Sina’s 
philosophical doctrine, during their lifetime, it is imperative for 
people to work hard to attain moral and spiritual perfection. An 
effort to attain beauty is a universal law that is inherent in the 
existence. Everything surrounding us is subdivided into groups, 
which are subordinate to organic and inorganic substances. Peo-
ple are different from each other in terms of perfection. Some 
people say that the majority of people live in misery, while oth-
ers are at the top of perfection. Therefore, they should always 
strive to achieve perfection [3, 6].

It should be noted that for those who start their own life, 
harmoniously developed people in social life can serve as the 
role models. In this respect, the scholar explains the essence 
and peculiarities of the ideal person. According to him, the 
ideal person must have three important qualities: firstly, a 
clean soul and belief in God; Secondly, it is the person who is 
seeking goodness, the one who supports generosity; Thirdly, 
deep knowledge. Human trust consists of a profound insight 
and it is the basis of the human heart. Trust is a person’s in-
ner world, his perceptions, his inner experiences, spiritual 
enlightenment, and confidence in goodness, happiness and 
his own destiny. That is why trust is of particular importance 
with its vitality and creativity. It turned out that Ibn Sina did 
not contradict science and trust to knowledge and belief. The 
ideal person, according to his understanding, is a person who 
has a profound knowledge and a clean heart, the one who 
believes in God. In this approach, faith in God and aspiration 
to secular knowledge are clearly interrelated. The scientist 
believes that such people should be the advisers, leaders for 
other people. They constitute a minority in life and are the 
power that ensures the advancement of moral enlightenment. 
One of the most important features of an ideal person is the 
love of the members of the community, their openness, and 
respect towards him. According to the the scholar, the concept 
of good and kind person does not remain abstract. After the 
personality of an ideal person is described, the qualities of a 
generous person are also characterized. A generous person is 
in an impartial relationship with others, free from egoism, and 
narcissism, and never expects any reward or benefit. Those 

who seek out evil are immoral, and those who do good are 
pure in heart. In this connection, considering the knowledge 
of the ideal person, the scholar notes that the one that is only 
acquired through intuition and thought, is a complex of un-
stable knowledge and it is necessary to have certain condi-
tions, time and means to acquire [5].

According to Ibn Sina’s ethical dpctrine, constant learning 
and knowledge of the world is a moral quality that elevates a 
person because human beings are different from other crea-
tures so as to know the truth. Therefore, the scientist recom-
mends that his disciples learn knowledge. Ibn Sina points out 
psychological forces in man to be the source of positive and 
negative actions. These powers are present in the human be-
ing, and moral and spiritual features in him are derived from 
life. Through personal tactics and positive reflexes people 
should strengthen their health, as well as manifest themselves 
in a particular manner, because the habits are the second most 
important feature of man. It is possible to observe such posi-
tive states in the actions of wise leaders and intelligent people, 
as they appear in the moral qualities of life through human 
habits. The scientist also thinks that the leaders, who urge neg-
ative behaviors, are among the worst people in society [5, 6].

Ibn Sino, the great humanist philosopher of the Renais-
sance, notes that when human beings consciously tame the 
animal desires by their intellect, they start off towards happi-
ness and spiritual perfection. At the same time, the happiness 
of man is achieved when combined with the moral qualities 
and good intentions of his heart. The scholar considers that 
it is not wealth and reverence but profound knowledge that 
raises us as a morally rich, enlightened person.

Th first President of the Republic of Uzbekistan Islam 
Karimov, highly valuing the heritage of our ancestors, said: 
“The invaluable heritage of past scholars has shaped the spiri-
tual and psychological mindset of many generations and it still 
has influence on them” [2]. National and moral values have a 
great educational force in upbringing young generation. Loy-
alty to them ensures our uniqueness in the world as a national 
unity. Our language, traditions, customs and traditions are not 
merely a legacy of the past, but the condition on which we are 
supposed to realize ourselves.
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As a reaction to the increasing and expanding globaliza-

tion, involvement of different nations and government in this 
process, the concept of national identity has also strengthened. 
The involvement of the nation in the globalization process, 
increased interactions with other nations and their cultures, 
have brought about a number of positive results. However, on 
the other side, this has also created the necessity to adapt to 
this process, sometimes protecting from its negative effects, 
and sometimes fighting against it. These issues, challenges and 
processes are directly related to the formation of the person 
of ХХI century. For this reason, it is important to study the 
dynamics of how the globalization process affects the national 
identity and the formation of the new century’s personality.

Both positive and negative aspects of globalization natu-
rally affect the national culture and morality, values of a nation. 
Thus, they directly influence the formation of a new personality.

Understanding the national and moral identity may be 
one of the main factors in protecting from the negative conse-
quences of globalization. Nowadays, universalization resulting 
from globalization, suggests unified standards of development 
for all nations. On the other hand, it also reinforces the desire 
to understand the national identity and traditions.

Understanding of national identity and its impact on the 
formation of the personality is one of the main issues of peda-
gogic theory. Any human is interested in knowing his ances-
tors, and therefore his nation’s history, present and future. This 
process creates in a person love of his nation and the desire 
to serve it. Understanding of national identity is one of the 
main factors in the existence of a nation and its place among 
the world’s most developed nations.

The issues of understanding personal and national iden-
tity became even more important with the ever increasing in-
tegration among the world’s nations. It should be mentioned 
that the very formation of a nation in historical perspective is 
a result of integration. Therefore, understanding the national 
identity is not a new challenge.

If we look at the history of philosophy and pedagogy, 
many of renowned people of thought paid a great deal of 

attention to understanding personal and national identity 
and its impact on the formation of the personality. For ex-
ample, the ancient Greek philosopher Socrates maintained 
that knowledge started understanding oneself. This issue is 
also mentioned in the teachings of Buddhism, Zoroastrism, 
Christianity and Islam. Specifically, there are many khadees 
and parables in the Islamic philosophy. For example: He who 
knows himself knows the Lord [1, 196].

Gazzali paid great attention to the perfection of the per-
sonality, and linked the perfection to understanding oneself. 
His work “Kimyoi Saodat” teaches that only when the person 
knows and perfects himself can he know God [2, 5–76]. Al 
Farabi also paid a great deal of attention to this issue, and sug-
gested that understanding the national identity created unity 
between people and generations. According to him, interlink-
ages between generations and mutual respect creates a basis 
for the prosperity and well-being of a nation [3].

Understanding the national identity was also studied by 
Western philosophers such as Hegel, and later existentialists 
such as Jaspers, Sartre, Camus, Russian philosopher Berdyaev 
and others. Lately, a number of Uzbek scholars have been ad-
dressing this issue, which also indicates its importance [4].

Thanks to independence, the very approach to many is-
sues related to understanding the national identity, historical 
morality and values underwent fundamental changes. This 
situation allows us to approach the national identity issues 
from the point of view of national objectives and benefits, and 
our independent development.

Understanding the national identity does not mean re-
jecting values and cultures of other nations, but rather, it is 
conserving the identity through comparison to other nations’ 
cultures and moralities, using and adopting best examples.

The key point in understanding the national identity 
is the issue of national culture. Understanding the national 
identity in the current context of increasing and accelerating 
globalization is impossible without intercultural dialogue. The 
intercultural dialogue creates opportunities for comparison, 
evaluation and re-evaluation of nation’s identity. This dialogue 
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helps the nation understand its positive aspects, as well as see 
some conservative and dogmatic features and take a self-crit-
ical approach. And vise versa, nations cultures that attempt to 
protect themselves and hide away from the outside influence, 
fall behind in modern integration processes.

Is resolving issues related to national relations and cul-
ture, it is possible to use the approach based on traditional-
ism. It aims at preserving historical national morality, culture 
and values. Traditionalism may take three forms: progressive, 
conservative and dogmatic.

Progressive derives from the Latin for forward movement, 
success, and indicates progression from lower to higher levels 
of development. Conservative means preservation and protec-
tion. In the social area, conservatism promotes stability based 
on avoidance of change.Dogmatism is a stagnated for of think-
ing, and tends to take a one-sided, biased approach, while 
ignoring relativity. The dogmatic traditionalism recognized 
only the nation’s own culture and values in understanding the 
national identity. The dogmatic traditionalism, in essence, is 
close to fundamentalism, and only recognizes the nation’s his-
torical values, and prevents modern, progressive approaches. 
This form of traditionalism may be an obstacle to the nation’s 
and country’s development.

Conservative traditionalism may isolate the nation’s de-
velopment from modern technological and cultural advance-
ments. At the same time, conservatism may have different forms 
that are progressive and healthy, and have positive impact on the 
nation’s development. This form of conservatism, while provid-
ing a theoretical basis for traditionalism, carries out the function 
of preserving national cultural values and heritage.

Healthy conservatism relates to progressive traditional-
ism, and is tolerant. This open traditionalism recognizes other 
nations’ cultures and democratic values, and treats them with 
respect while taking advantage of them in their own devel-
opment. Progressive traditionalism creates a platform for an 
equal, human-oriented dialogue between nations.

A culture that is wrapped in its own shell cannot progress. 
If it lives a long isolated life, it even loses the ability to develop 
under the influence of other cultures. A local national culture 
in this situation is deprived of many positive treats of global-
ization, technical and cultural advancement and development. 
Because the development and diversity of the national culture 
rests on its ability to accept new elements from outside. As 
we know, diversity offers more wealth and opportunities than 
uniformity. From this point of view, the global culture that is 
free of one-sided biases and pressures is richer because it en-

compasses diverse cultural elements. In other words, it can be 
described as a cultural system consisting of diverse elements.

In order to be able to accept and react to external influ-
ences, the national culture needs to have the necessary basis, 
a foundation of traditional culture and national values. The 
ability to hear and understand different cultures also entails 
the ability to hear and understand different periods [5, 425]. 
This dialogue determines the local culture’s viability, enriches 
it without damagint its identity, and positively influences its 
future development.

Any national culture has elements that allow for understand-
ing, selecting, accepting or filtering out elements from external 
cultures. They directly protect the national culture. These func-
tions are carried out by values that have been tested throughout 
centuries and inherited from generation to generation.

Every nation’s consciousness and subconsciousness rests 
on the archetype that is typical only to this nation. These arche-
types serve as unique benchmarks for understanding the world 
[6, 62]. They also help select elements that are appropriate for 
the local culture, isolate those that are foreign to it, and push 
out those introduced by force. These archetypes are strongly 
influenced by the historical period and its characteristics.

Progressive traditionalism that recognizes changes in 
cultures and morality, is tolerant, has a pragmatic approach 
to modernity promotes the cultural development. The his-
torical culture that only reflects the past (however nationally 
oriented) is insufficient for the nation’s future development. 
Globalization requires openness and tolerance. These quali-
ties, of course, have a positive effect, and serve the society’s 
progressive development. This function also affects the way 
these qualities help shape the personality. The person that is 
open and tolerant positively benefits from globalization and, 
in turn, positively influences his own circles.

The national culture has relative stability. It loses stabil-
ity as it loses nationality. And the global culture is instable 
because it’s open and extremely tolerant. There have to be lim-
its to the openness and tolerance, otherwise the nation and 
people risk losing their ability to self-identify.

The culture that is shaped under the influence of global-
ization is considered progressive and development-oriented. 
Because it develops faster due to its openness. But an open sys-
tem allows inflow, as well as outflow of external elements. For 
this reason, such systems are not strict and stable. But external 
cultures manifest their influence indirectly, through concrete 
people’s morality and culture. Therefore, the shaping of national 
morality and culture can only be successful when conducted in 
conjunction with similar processes at individual level.
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Introduction
Many modern businesses have devoted themselves to the 

topic of studying and analysing the functioning of the market 
in the form of franchising and creating the best conditions for 
the successful development of the franchise system. Many en-
terprising people in the field would like to become owners of 
their own business, but most of this is just beyond its power. 
That is why franchising is becoming so attractive; it is a way of 
developing a company that allows to successfully engage in en-
trepreneurial activity with minimum, in general, risk, to achieve 
financial solvency. Indeed, it is important to estimate not only 
the goods and services franchise system provides, but also an 
image of the brand and the public relations management.

The subject of this specific article is to present the results 
of the research, which was completed to discover the specific-
ity of the public relations and image of the franchise compa-
nies. The purpose of the research was chosen to estimate the 
advancing company’s public relations and image brand upon 
the example of the tourist agency TUI Ukraine.

Literature Review
Key Terms. Undoubtedly, with the start of the speci-

fied article, it is required to interpret the principal terms that 
will state in the paper. This point is required to hold a broad 
understanding of the material and progressively deepen the 
knowledge of the field. Consequently, it is essential to provide 
definitions for the following terms: a) franchising; b) franchi-
sor; c) franchisee; d) franchise; e) trademark; f) marketing 
mix; g) public relations.

First, the term franchising comes from Anglo-French 
franc, which means free [1; 2]. According to European Code 
of Ethics for Franchising, franchising is a system of marketing 
goods, services and/or technology, which is running between 
the franchisor and its franchisees.[1, p. 4] According to the 
Business Dictionary, the franchisor controls the entire organ-
isation, trademarks, and goods, but provides the advantage to 
the franchisee to operate the franchise location, in return for 
an accepted before fee [2].

Second, franchiser proposes and retails franchise op-
portunities to prospective franchisees. A franchisor offers 
and trades rights; next, a franchisee is granted the power 
and responsibility to establish a franchised position apply-
ing the franchisor’s methods and trademark. A franchisee, 
through a franchise agreement, is granted the right and 
obligation to establish and manage a franchised location. 
Franchisees typically return franchisors an upfront pay-
ment and continuous royalty charges. Frequently, the fran-
chisor is an entrepreneur who has founded a prosperous 
and instituted business. They realise the following wor-
thy assets to the partnership: a proven business model; a 
known trademark; established business systems; educa-
tion and assistance [3]. Besides, a franchisee’s purpose is 
to multiply the franchisor’s prosperous business model to 
support it develop into local or national markets. This is 
not an insignificant part and, accordingly, expects relevant 
investment and work, including paying franchise and man-
agement of franchise issues [3]. Concluding, franchise, 
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franchisor and franchisee together are all the parts of the 
franchise system [4, p. 3].

Further through, the International Franchising Associa-
tion defines “Trademark”, which is “the marks, brand name, 
and logo that identifies a franchisor which is licensed to the 
franchisee” [5].

Additionally, the marketing mix is the set of marketing 
tools that business uses to pursue its marketing purposes in 
the target market (consist of product, price, place, and promo-
tion) [6, P. 9–10].

Finally, according to Rex F. Harlow, public relations (PR) 
is a unique management function that: a) aids to establish and 
communicate strong communication, understanding, interac-
tion and cooperation between the organisation and the asso-
ciated society; b) includes problem management; c) provides 
information to the management on the mood in the Public 
Opinion and helps him to respond sensitively to these senti-
ments; d) determines and emphasizes the duty of management 
to serve the interests of the Company; e) helps management to 
keep abreast of changes and it is possible to make better use of 
these changes, the role of a kind of early warning system that 
helps to predict trends; f) is used for the study of intelligent and 
moral communication. Precisely, while defining PR, it is essen-
tial to highlight, that marketing and PR technologies in organ-
isations have many familiar facets. However, it is fallaciously to 
consider PR and marketing as a nonindividual science, through 
the dissimilarity of the aims and functions of sciences, target 
audiences, methods [7, P. 231–329].

Franchising and Public Relations. If we consider fran-
chise activity as the part of the franchisor, then for him his 
franchise system is a channel for the sale of services or goods, 
which is, affecting marketing [8]. Moreover, if the business 
provides a structured marketing system, public relations are 
involved in the before-mentioned system as well.

Franchising is a partnership, which is provided to de-
velop the brand effectively. Due to the broad distribution of 
businesses of one franchise system and the usage of common 
standards by all locations, the brand’s image is explored by 
many consumers. A considerable number of customers are 
familiarised regarding particular advantages and services, 
as a consequence of which the supply is becoming popular. 
Similarly to traditional business, franchising uses a complex 
of marketing communications and public relation manage-
ment, explicitly including adaptations to its specified system. 
That is the decision on which advertising to run and by what 
means to stimulate commerce refers to the franchisor. This 
decision then applies to all franchisees of the right holder, 
throughout his franchise system, whereas individual sales 
and direct marketing are the responsibility of the franchisee 
and his staff [9, Ch. 1.3].

Frequently, franchising is defined equally as a system to 
promote and trade a product or service, a method of advanc-
ing a business and its image. Generally, franchising is a sys-
tem of marketing and distribution, in which an independent 
entrepreneur for a fee receives the right to distribute goods 
or provide services to the other party by the established 
standards and practices of the franchisor, and with his help. 
Undoubtedly, the franchisee will handle and develop franchi-
sor’s brand and support their public relations. The success of 
branding is frequently predetermined by the measurement of 
its theoretical elaboration. Of paramount importance, in this 
case, is the advancement of technology for managing brand 
relations with consumers in conjunction with the study of the 
relationships of partners in the process of organising business 
and forming their relationships. This issue allows overcom-
ing economic problems correlated with the development and 
organisation of branding, and in particular, with the franchise 
form of brand use [10].

Thus, applying the features of the franchise market, both 
franchisee and franchisor can achieve marketing goals, that is, 
creating a positive brand image and increasing sales. However, 
it is possible only among the collaboration of both partners, 
their honest relations and shared goals.

Research
The object of this research paper is tourist agency TUI 

Ukraine, which is a part of TUI Group [11]. The purpose was 
chosen to estimate the advancing company’s public relations 
and image brand. As a part of TUI Group, TUI Ukraine share 
mission, vision, culture, and aims of the parent company [11].

The company appeals to their primary values, which are: 
a) the primary values of the brand: “Reliable, responsible, in-
spiring”; b) the motto of TUI: “You deserve rest, and we the 
trust of the whole world.”; c) the primary goal of the brand is 
to be client-oriented [12].

In this paper, to estimate the impact of franchise model 
on the customers the branding features are researched. In the 
case of cooperation, the franchisee receives: a) the right to 
use the trademark in all communications; b) package of docu-
ments and brand book; c) branding of the agency; d) uniform; 
e) training and work with personnel; f) participation in the 
bonus programs of the tour operator; g) advertising souvenir 
production; h) a corporate website with direct agency con-
tacts; i) marketing services; g) legal services [12] Specifically, 
the potential franchisee should consider strict requirements 
of office style and educational system.

Taking everything mentioned above into account, we 
can conclude that TUI is exceptionally open to the franchise 
partnership and strongly supports new players on the market, 
which are interested in long-term cooperation. This is what 
makes a brand image and strong public relations.
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Results
To estimate the effectiveness of the branding of TUI 

Ukraine a survey was completed. The audience was cho-
sen as millenniums (126 respondents, 93.83% of which 
are under 25 years old; 82.54% woman, 17.46% men), as 
far as they primarily interact with advertising and openly 
communicate with brands. In the survey firstly respon-
dents were asked to recognise TUI Ukraine by name only, 
then by TUI Ukraine’s logo. The answers are divided into 
two groups: Group A, those who recognised TUI Ukraine 
by the name, and Group B, those who recognised by logo 
only. Details of the questionnaire (questions, statistics of 

all respondents’ answers and their analysis) are presented 
in the graphs below.

As mentioned before, the respondents firstly were asked 
to recognise the travel agencies by name only within a list 
of TOP agencies on the Ukrainian market. The results are 
presented in the chart 1, as can be observed, the following 
can be concluded: 68.25% of respondents recognise “Annex 
Tour” agency from the name, 64.29% recognise “Join up!”, 
only 5.56% recognise “Travel Professional Group,” 64.29% 
recognise “Coral Travel,” 53.97% recognise “TUI Ukraine,” 
and 12.70% do not know any agency and nearly 8% of respon-
dents mentioned other agencies.

Figure 1.

Statistic of answers (both groups) “What travel agencies 
do you know?”,%

Additionally, as far as only 53.97% recognise TUI 
Ukraine from the name, it was essential to study the brand’s 
reputation. Therefore, in the questionnaire, there was a ques-
tion, including the logo of TUI Ukraine. Besides, only 14 
respondents did not recognise TUI Ukraine’s logo. Thus, to 
be objective, further results of the questionnaire should be 
divided into two groups: the answers of respondents who 
recognise TUI Ukraine by the name (group A) and the one 
who remembers TUI Ukraine by its logo only (group B). 
This issue is necessary to do to see how valuable for the fran-
chisee is the cooperation with TUI Ukraine and whether it 
is reasonable and profitable to work with an agency.

Mostly, there is a significant difference between respon-
dents’ answers. When 21.43% of Group B do not know any 
agency, nearly twice less (12.70%) of Group B gave the same 
answer. This argument vividly embodies the idea of the im-
portance of powerfulness of TUI Ukraine’s brand and public 
relations management, as far as nearly twice more respondents 
think that they do not know any agency, yet in fact, they do 
remember their logo, while giving advance to the brand.

The next important issue to analyse is the willingness of 
potential customers to use the services of the given agency 
(TUI Ukraine). Specifically, the question was “Would you use 
the services of this agency (TUI Ukraine).” Again, to have rep-
resentative answers, the results of this question will be divided 
into two groups: group A (chart 2) and group B (chart 3).

Figure 2.

Statistic of answers (group A): “Would you use the ser-
vices of this agency?”,%

Statistic of answers (group B): “Would you use the ser-
vices of this agency?”,%

Precisely, it should be mentioned that 47.62% of those 
respondents who recognise TUI Ukraine by the name would 
rather be the clients of the agency, 34.13% would not, and 
18.25% do not know yet. Additionally, the answers of respon-
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dents who recognise TUI Ukraine by its logo only are nearly 
parallel to the responses of the first group. 42% of respondents 

answered “Yes,” 37% answered “No” and 20.93% determined 
that they do not know yet.

Figure 3.

Conclusion
Based on the statistic given above, we can conclude that 

the answers of respondents who recognise TUI Ukraine by 
the name and the one who remember TUI Ukraine by its logo 
only strongly correlate. Therefore, we can conclude, that the 
reputation of the company is stable and well know, no matter 
does the potential customer see the logo or not. Therefore, 
based on the argument explored above, we can conclude that 
franchisors image and public relation management is sharp, 
and, consequently, for the franchisee, it is valuable and profit-
able to work under the TUI Ukraine’s logo.

According to the information presented above, now we 
can conclude that TUI Ukraine’s franchise in benefit and ef-
fective. Based on the information stated above, we can assume 
that company works on its brand, profit, and image. Mostly, 
respondents agreed that they would instead use the benefits 
of the company, moreover, almost all of the recognised TUI 
Ukraine’s logo, therefore, the marketing of company works, 
and for the potential franchisee the partnership with TUI 
Ukraine is valuable and profitable.
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Both Russian and foreign legislations distinguish two 

types of hereditary succession: testamentary succession and 
legal succession. Legal succession is an essential institution 
of Inheritance branch of the Civil Law. Historically speaking, 
legal succession was practiced before testamentary succession. 
Fundamental principles of legal succession were developed 
as far back as in legislation of Ancient Rome. Certain succes-
sion aspects of Roman private law were reflected in modern 
civil legislation. That is why legal systems of different countries 
have similar features in regards to that field of law.

Ancient Roman law distinguished three classes of heirs. 
The first and most important class was heredes sui, or «his 
heirs», i. e. those people who were subject to the immediate 
power of the deceased (his wife, children and grandchildren). 
The next class was agnatus proximus: the persons who lived 
in a house of paterfamilias (his mother and siblings). Lastly, 
there were gentiles, i. e. persons belonging to the same clan as 
the deceased.

The Civil Code of Austria [1] contains specific cases of 
legal succesion (fully or partially), namely: if the deceased 
didn’t leave the last will; if in the last will the deceased hasn’t 
disposed of all their property; if in their last will they didn’t 
mention in an orderly manner those individuals who have the 
right to a part of inheritance by operation of law; or if an heir 
has no possibility or intention to accept their inheritance.

Legal succession of all the property of the deceased or 
a part of it in conformity with the Civil Code of the Russian 
Federation [2] is possible not only on condition of absence of the 
last will, as is stated by prof. V. V. Gushchin [7, p. 98.] (similar 

inaccurate statement is made by prof. G. G. Cheremnykh [7, 
p. 99, 117, 122.]), but in many cases also if the will was made. 
Such include instances when:

1) all legal heirs were disinherited by the deceased with 
no mention of other heirs (Art. 1119 of the Civil Code of the 
Russian Federation);

2) the only existing last will is held by court to be invalid, 
wholly (absence of legally valid last will) or partly. In accor-
dance with Para. 4 of Art. 1131 of the Civil Code of the Rus-
sian Federation the part of inheritance, in respect of which 
the last will is held invalid by the court, is inherited legally;

3) the last will is incomplete (Art. 1120 of the Civil Code 
of the Russian Federation) i. e. “partial testament” – so called 
partial succession, when only a part of the testator’s property 
is included in the last will; the part that is not included will be 
inherited legally. In this case, a testamentary heir, who is also 
a legal heir, is summoned together with other legal heirs to 
inherit a part of the property that is not included in the will;

4) the heir by testament died earlier or simultaneously 
with the testator, or the property was bequeathed to a legal 
entity that does not exist at the time of opening the inheri-
tance (Pt. 2 Para. 1 Art. 1116 of the Civil Code of the Rus-
sian Federation), and the testator did not leave instructions 
for this case (Para. 2 Art. 1121 of the Civil Code of the Rus-
sian Federation); the heir did not accept the inheritance or 
refused it, and in the will there was no reservation that all 
the property of the testator was bequeathed to the heirs as-
signed by him (Para. 1 Art. 1158 of the Civil Code of the 
Russian Federation);
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5) in the will the testator violated the requirements of Art. 
1149 Civil Code of the compulsory portion;

6) the only or all testamentary heirs were removed from 
the inheritance as unworthy in accordance with Art. 1117 
Civil Code of the Russian Federation [4].

It should be noted that there are no discrepancies in cases 
of legal succession in Russian and Austrian legislation.

In accordance with Austrian legislation, the individu-
als who are encouraged to inherit within the framework of 
legal succession include a spouse of the testator and his/
her next-of-kin. These persons are divided into four lines 
of heirs. The first includes the children of the testator and 
their descendants. They are entitled to the entire inheritance. 
They can be either male or female. Several children divide 
the inheritance equally. Grandchildren from the living chil-
dren of the testator do not have the right to inherit. This 
means that only if the testator’s child died before him, then 
his share is entitled to the testator’s grandchild (the so-called 
inheriting per stripes). Similarly, the law works with respect 
to great-grandchildren [1].

The second line of heirs includes parents of the testator 
and their descendants. If both parents are alive, they are en-
titled to equal shares of inheritance. If one of them died, then 
his share goes to his descendants. If both parents of the testa-
tor died by the time the inheritance is opened, the share of 
the testator’s father is distributed in equal shares among his 
remaining children and their descendants, and the share of 
the testator’s mother is distributed in equal shares among her 
remaining children and their descendants. If these parents do 
not have other children, except for their common children or 
their descendants, then they distribute the two parts equally 
among themselves. However, if, in addition to these children, 
there are descendants of the father or the mother separately, 
or children born to one of the parents in another marriage, 
then the children born jointly to the father and the mother 
of the testator (or their descendants) receive the inheritance 
due to them from both the father’s and the mother’s half of the 
share, in equal parts, along with their siblings born separately 
to the father and/or the mother of the testator. If one of the 
deceased parents of the testator has left no descendants, the 
inheritance is fully due to the other still living parent. If both 
parents of the testator are deceased, the entire inheritance is 
distributed between their descendants according to the rules 
already given [6, p. 73.].

In accordance with Russian legislation, the first line of 
heirs includes children, parents and spouse of the testator 
(Art. 1142 of the Civil Code of the Russian Federation). In 
the civil law of Austria, these heirs belong to the first and sec-
ond lines, as well as their descendants. Siblings of the testator 
are included into the third line of heirs according to the Civil 

Code of the Russian Federation (Art. 1144), while the Civil 
Code of Austria includes them into the second line along with 
the parents of the testator [2].

The heirs of the third line include grandparents of the 
testator and their descendants. In this case, the inheritance is 
divided into two equal parts, one of which is due to the parents 
of the mother, and the other to the parents of the father of the 
testator. If one of them is deceased, then his share goes over 
to their descendants. The Civil Code of the Russian Federa-
tion, however, includes the grandparents of the testator into 
the second line of heirs (Art. 1143 of the Civil Code of the 
Russian Federation).

The fourth line includes great-grandparents of the testator. 
It is noteworthy that in the absence of any heir, their share goes 
over not to their descendants, but is distributed among other 
living descendants. In this case, there is no discrepancy be-
tween the Civil Codes of the Russian Federation (Art. 1145) 
and Austria. But, in addition to that, the Civil Code of the 
Russian Federation allocates four more lines of inheritance: 
the fifth – descendants of nephews and nieces, as well as sib-
lings of grandparents of the testator; the sixth – descendants of 
grandchildren, cousins and first cousins once removed of the 
testator; the seventh – stepchildren and stepparents of the tes-
tator (Art. 1145 of the Civil Code of the Russian Federation); 
the eighth – one of two groups of the disabled dependents of 
the testator. Austrian law avoids such complexity and relates 
them to the heirs of the first, second and third line. Moreover, 
the Civil Code of Austria does not allocate such a category as 
the disabled dependents of the testator.

In this case, speaking of the Russian hereditary law order, 
we are dealing with a certain influence of German system of 
inheritance, where the categories of heirs and the order in 
which they claim their inheritance is determined by the so-
called parentels. A parentel (or parentele) is a group of blood 
kin originating from a common ancestor and his descendants 
[3, p. 5.]. In the inheritance law of Austria parentels are limited 
to great-grandparents, who are able to inherit as heirs of the 
fourth line; however, this group doesn’t include their descen-
dants (§ 731, 741 of the Civil Code of Austria).

Deprivation of multiple great-great-grandparents of the 
testator and their descendants of the status of heir in Rus-
sian inheritance law is partly explainable. The legislator, most 
likely, considered the possibility of great-great-grandparents 
or great-grandparents of the testator being still alive to be min-
iscule, but hypothetically speaking this possibility still exists, 
and it would be unjust to exclude it.

The distribution of relatives of one degree of kinship into 
different lines of heirs can also be seen as unjust. As a result of 
such an approach, the testator’s uncles and aunts, as relatives 
of the third degree of kinship, are included into the third line 
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of heirs, but the testator’s grandparents, who are at the same 
degree of kinship, are included into the fourth line of heirs. 
This problem is not solved neither in Austrian nor in Russian 
legislation.

The novelty of the Austrian civil law (in effect from Janu-
ary 1, 2017) was granting an exclusive right to inherit to the 
cohabitants of the testator in the absence of testamentary or 
legal heirs. Such a situation is not recognized in the current 

Russian civil law, and the so-called domestic partners have 
virtually no right to inherit unless indicated otherwise by the 
testator.

Thus, despite both legal systems belonging to the conti-
nental system of law, they still have a number of significant 
differences. The Austrian law of inheritance, in its turn, has 
recently been in the process of transformation due to necessity 
to bring it in line with the standards of the European Union.
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