
Vienna
2021Publishing

PREMIER

Austrian Journal 
of Technical and
Natural Sciences

№ 1–2 2021
January – February



Austrian Journal of Technical and Natural Sciences
Scientific journal

№ 1–2 2021 (January – February)

ISSN 2310-5607

Editor-in-chief Hong Han, China, Doctor of Engineering Sciences

International editorial board
Andronov Vladimir Anatolyevitch, Ukraine, Doctor of Engineering Sciences

Bestugin Alexander Roaldovich, Russia, Doctor of Engineering Sciences
S.R.Boselin Prabhu, India, Doctor of Engineering Sciences

Frolova Tatiana Vladimirovna, Ukraine, Doctor of Medicine
Inoyatova Flora Ilyasovna, Uzbekistan, Doctor of Medicine

Kambur Maria Dmitrievna, Ukraine, Doctor of Veterinary Medicine 
Kurdzeka Aliaksandr, Russia, Doctor of Veterinary Medicine

Khentov Viktor Yakovlevich, Russia, Doctor of Chemistry
Kushaliyev Kaisar Zhalitovich, Kazakhstan, Doctor of Veterinary Medicine

Mambetullaeva Svetlana Mirzamuratovna, Uzbekistan, Doctor of Biological Sciences
Manasaryan Grigoriy Genrihovich, Armenia, Doctor of Engineering Sciences

Martirosyan Vilena Akopovna, Armenia, Doctor of Engineering Sciences
Miryuk Olga Alexandrovna, Kazakhstan, Doctor of Engineering Sciences

Nagiyev Polad Yusif, Azerbaijan, Ph.D. of Agricultural Sciences
Nemikin Alexey Andreevich, Russia, Ph.D. of Agricultural Sciences

Nenko Nataliya Ivanovna, Russia, Doctor of Agricultural Sciences

Ogirko Igor Vasilievich, Ukraine, Doctor of Engineering Sciences
Platov Sergey Iosifovich, Russia, Doctor of Engineering Sciences

Rayiha Amenzade, Azerbaijan, Doctor of architecture
Shakhova Irina Aleksandrovna, Uzbekistan, Doctor of Medicine

Skopin Pavel Igorevich, Russia, Doctor of Medicine
Suleymanov Suleyman Fayzullaevich, Uzbekistan, Ph.D. of Medicine

Tegza Alexandra Alexeevna, Kazakhstan, Doctor of Veterinary Medicine
Zamazy Andrey Anatolievich, Ukraine, Doctor of Veterinary Medicine

Zhanadilov Shaizinda, Uzbekistan, Doctor of Medicine

Proofreading Kristin Theissen

Cover design Andreas Vogel

Additional design Stephan Friedman

Editorial office Premier Publishing s.r.o.
 Praha 8 – Karlín, Lyčkovo nám. 508/7, PSČ 18600

E-mail: pub@ppublishing.org

Homepage: ppublishing.org

Austrian Journal of Technical and Natural Sciences is an international, German/English/Russian language, peer-reviewed journal. It is published bi-
monthly with circulation of 1000 copies.
The decisive criterion for accepting a manuscript for publication is scientific quality. All research articles published in this journal have undergone a rigor-
ous peer review. Based on initial screening by the editors, each paper is anonymized and reviewed by at least two anonymous referees. Recommending the 
articles for publishing, the reviewers confirm that in their opinion the submitted article contains important or new scientific results.
Premier Publishing s.r.o. is not responsible for the stylistic content of the article. The responsibility for the stylistic content lies on an author of an article.
Instructions for authors
Full instructions for manuscript preparation and submission can be found through the Premier Publishing s.r.o. home page at:
http://ppublishing.org.
Material disclaimer
The opinions expressed in the conference proceedings do not necessarily reflect those of the Premier Publishing s.r.o., the editor, the editorial board, or the 
organization to which the authors are affiliated.
Premier Publishing s.r.o. is not responsible for the stylistic content of the article. The responsibility for the stylistic content lies on an author of an article.
Included to the open access repositories:

   

© Premier Publishing s.r.o.
All rights reserved; no part of this publication may be reproduced, stored in a retrieval system, or transmitted in any form or by any means, electronic, me-
chanical, photocopying, recording, or otherwise, without prior written permission of the Publisher.

Typeset in Berling by Ziegler Buchdruckerei, Linz, Austria.
Printed by Premier Publishing s.r.o., Vienna, Austria on acid-free paper.



PARALLELS IN ARCHITECTURE OF THE INTERWAR PERIOD IN KYIV AND ROME

3

Section 1. Architecture

https://doi.org/10.29013/AJT-21-1.2-3-7

Markovskyi Andrii,
Candidate of Architecture (PhD),

Scientific Secretary of the Department of Plastic Arts Synthesis at
National Academy of Arts of Ukraine
E-mail: Andrii_Markovskyi@ukr.net

PARALLELS IN ARCHITECTURE OF THE 
INTERWAR PERIOD IN KYIV AND ROME

Abstract. Analysis of the identities and differences of architectural trends in interwar Rome and 
Kyiv in the context of socio-cultural, historical and political factors that influenced the field of art. 
Comparison of the development paths of Soviet post-constructivism and Stalinist Empire style with 
the architecture of Fascist Italy.

Keywords: historicism, eclecticism, avant-garde, Postconstructivism, Soviet neoclassicism.
The architecture of the USSR as a whole in the 

designated period was analyzed in their research 
works by A. V. Ikonnikov, Yu. S. Aseev, S. O. Khan 
Magomedov, D. S. Khmelnitsky and N. P. Bylinkin. 
In more detail in the context of Ukrainian nation-
al development, the issue is revealed in the works 
of B. S. Cherkes, B. L. Yerofalov-Pilipchak, etc. 
Khmelnitsky and Cherkes draw parallels of the gen-
esis processes of domestic and foreign architecture. 
V. O. Vesnin gives a brief analysis of the Italian ar-
chitectural experience as a contemporary in his dia-
ries. However, given the vastness and versatility of 
the issue, the topic raised remains open for further 
in-depth study and development. Comparison of 
processes in Kyiv and Rome of the interwar period 
as a separate research topic is raised for the first time.

Analyzing the architecture of the Soviet neo-
classicism, the so-called Stalinist Empire, research-
ers often draw parallels between the USSR and Nazi 
Germany, comparing domestic experience with the 

projects of A. Speer and P. Troost. These identities 
are regularly extrapolated to other totalitarian and 
authoritarian regimes of interwar Europe, including 
Fascist Italy, which is considered in the orbit of Ger-
man political influence.

However, despite the significant similarities and 
almost identical socio-political and cultural pro-
cesses, the architecture of Italy during the time of 
Benito Mussolini has a number of characteristic fea-
tures formed by differences in both state factors of 
influence and authentic artistic heritage, which influ-
enced the formation of the field of creative activity.

In general terms, the socio-cultural area seems 
close to the background of Hitler’s Germany and Sta-
lin’s USSR, but with a more detailed analysis, we can 
note a number of key differences that are somehow 
related to the conditions for establishing power in the 
country. Unlike Germany, which lost the war and in 
which the National Socialist Workers’ Party came to 
power in a wave of revanchism and opposition of the 
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“strong” model of government to the “weak” Weimar 
Republic, which resulted in antagonism to the Bau-
haus in particular and the avant-garde in general; and 
in contrast to the USSR, whose transition from con-
structivism to neoclassicism, as a reflection on the 
new social climate, was mentioned in our previous ar-
ticles [1]; the coming of the Nazis to power was more 
planned. In fact, the new ruling elite did not oppose 
itself to the previous government, but only radicalized 
the previously planned course. In art, this resulted not 
in the prohibition of the avant-garde, but in its gradual 
evolution in an ideologically favorable direction.

We consider it appropriate to compare some 
Italian projects of those times with Kyiv examples. 
In particular, with competitive proposals for the 
construction of the Government Quarter of Karo 
Semenovych Alabyan – one of the founders and in-
spirers of Soviet neoclassical architecture, who in 
1932 became executive secretary of the newly cre-
ated Union of Soviet architects (after 1955 known as 
the Union of architects of the USSR). Accordingly, 
considering the personal role of K. S. Alabyan in the 
power-induced, leading union of architects of the 
country, his work in this context can be extrapolated 
to the official course of the ruling elites.

We also consider it important that neoclassical 
reminiscences in the architecture of K. S. Alabyan had 
considerable experience gained after analyzing the 
best world samples during professional business trips: 
“…(in 1925 – to Paris, in 1935 ‒ to France, Italy and 
Greece) he studies outstanding monuments of antiqui-
ty, Renaissance, classicism and modern European and 
American architecture and construction equipment” 
[2, P. 408]. Accordingly, the contemporary to Alabyan 
neoclassical architecture of fascist Italy also could not 
escape the artist’s attention. In 1935, the construction 
of the World Fair quarter in Rome (EUR) began with 
the main dominant ‒ the Palace of Civilizations, for the 
project of which a competition was announced [3].

Similar events took place in the architecture 
of Kyiv, where, after the return of the capital from 
Kharkiv, a competition was announced for the 

new Government Quarter [4], in which Kaso Se-
menovych [5] also took part. Two competitive pro-
posals of K. S. Alabyan for the construction of the 
Government Quarter were submitted by the struc-
tures of the CPC and the Central Committee of the 
CP(B)U in the form of an almost direct citation of 
the Colosseum cut by the main axis of the square.

Italian architecture, built in similar to the Soviet 
and German conditions, the assertion of totalitarian 
ideology and the key role of the party leadership, his-
torical reminiscences of the militaristic dictatorship of 
ancient Rome and the cult of ideas aimed at the gen-
eral population – architecture created in almost identi-
cal realities – meanwhile found its expression through 
avant-garde conciseness, which contrasts sharply with 
the multi-decorated architecture of the USSR in the 
late 1930’s – early 1950’s. EUR architecture is designed 
exclusively in clear perpendicular lines, almost with-
out decoration, with a minimum amount of brutalized 
polygonal sculpture. The main dominant, the Palace 
of civilizations, gets a rectangular, almost cubic shape, 
popularly called the “cubic Colosseum” as a diametric 
contrast with the cylindrical Flavian Amphitheater.

In our opinion, there are two main reasons for 
such a fundamental difference in the neoclassical 
architecture of Italy and the USSR:

1. Italian architecture was created against the 
background of a large number of authentic artifacts 
of antiquity, some of which, such as the Colosseum, 
the baths of Diocletian and Caracalla, the Roman Fo-
rum, etc., still play an iconic urban emphasis. Their 
importance can hardly be overestimated, they are 
self-sufficient in the city space. Therefore, the Italian 
architecture of the 1930 s could afford more detached 
variable memories, without direct citation (which, 
moreover, would be put in conditions of significant 
competition with the actual monuments). Neoclas-
sical architecture of the USSR is more focused on the 
experience of the French Empire during Napoleon’s 
time than on antiquity ‒ there are almost no ruins of 
the ancient period preserved on the territory of the 
Soviet Union.
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2. Italy at the beginning of the twentieth century 
did not go through such significant socio-ideolog-
ical upheavals as the Russian empire with the Oc-
tober Revolution, the Civil War and, as a result, a 
sharp fundamental change in artistic styles from Art 
Nouveau to avant-garde, which represented the “old 
bourgeois” and “new proletarian” eras. Accordingly, 
in our opinion, the avant-garde in Italian architecture 
developed more systematically than in Soviet archi-
tecture, and more progressively, without opposition, 
began to be saturated with neoclassical elements 
when the ideology changed.

The architecture of Karo Semenovych Alabyan in 
this context was addressed to the experience of an-
tiquity precisely from the point of view of the Soviet 
background. His reinterpretation of historical expe-
rience was focused, in our opinion, precisely on the 
expression of the ideological ideas of the ruling elites 
of the 1930s, manifested in large-scale city-forming 
projects. If in Rome the new Quarter of the World’s 
Fair was built on the outskirts, leaving the historic 
ruins intact, in Kyiv a new Government Quarter was 
created on the site of the specially destroyed St. Mi-
chael’s Golden-Domed Cathedral and the Church of 
the Three Holy Hierarchs. In Italy, the quarter was 
a continuation of the historical genesis, in Kyiv ‒ a 
contrast to the achievements of previous times. That 
is why, in our opinion, the “Stalinist Empire style” 
in the USSR had a number of key differences from 
neoclassical variations in Fascist Italy. We consider 
Alabian’s approach to urban development, designed 
to create a new (rather than reinforcing the old) im-
age of the city, to be key: “In no epoch architecture 
with such force and persuasiveness has solved the 
problems of a large ensemble as [in the epoch] of 
the ancient world” [2, P. 411]. However, comparing 
his projects (in particular the Government Quarter 
in Kyiv) with other concepts in the style of neoclas-
sicism, one cannot fail to notice a relatively smaller 
number of sculptural details, baroque elements and 
decor in the ornamentation than in the proposals of 
his colleagues (D. M. Chechulin, I. V. Zholtovsky, 

V. G. Zabolotny, O. V. Vlasov, etc.). In our opinion, 
the projects of K. S. Alabyan in Kyiv is a synthesis of 
the Soviet and Italian approach to the development 
of neoclassical architecture in the mid-1930 s.

The following projects of the master in Kyiv also 
approved a global ensemble urban planning ap-
proach to the introduction of neoclassical art: “In 
1945, he participated in a competition for the proj-
ect of the main street of Kyiv – Khreshchatyk, and 
the street ensemble includes the Victory Arch, the 
project of which he made a year earlier” [2, P. 410].

Viktor Oleksandrovych Vesnin in 1937, analyzing 
the contemporary architecture of Italy, noted: “The 
state in Italy builds some large structures. The fascist 
regime wants to reflect a “new era”in them. <…> It is 
difficult to determine what this style is. The ideologi-
cal leader of the new Italian architecture is a “friend 
of Mussolini”, the architect Piacentini has not yet fig-
ured out what he wants and where he leads: either 
“neoclassicism” or “neo – romanticism”. <…> There 
is undoubtedly a “neo” in it – since there is a new era, 
then it is impossible without “neo”. Undoubtedly, 
there is also “latinism” as a continuation of the “great 
ideas of the Roman Empire”, undoubtedly, there is 
also “rationalism” as the winning of the century” [2, 
P. 44–45]. In our opinion, it is paradoxical and, in a 
certain sense, ironic that such rhetoric is carried out 
by Viktor Vesnin, who together with his brother Alex-
ander presented two projects for the aforementioned 
competition for the construction of the Government 
Quarter in Kyiv. And it was on the example of the 
transformation of their proposal from the first to the 
second round that they tried to adapt the constructiv-
ist idea to changing the vector of power elites, adding 
neoclassical elements in the decoration and sculptural 
design. Neoclassical elements just like in Italy played 
along with the imperial myth. Only not Roman, but 
great Russian-Soviet, which was also imbued with 
militarism in the mid-30 s.

“Without giving preference to any “-ism”, Piachen-
tini and his associates deftly operate them depending 
on the circumstances, purpose and significance of the 
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structure” [2, P. 45], Vesnin notes further, meanwhile 
personally adding foreign empire elements to the 
avant-garde architecture and turning their object into 
post-constructivism (according to the definition of 
the term by Khan-Magomedov [6]). “Theatricality, 
pose, deceptive pathos, recitation, characteristic of 
the entire practice of Fascism, found full expression 
in this architecture” [2, P. 45] – words that we con-
sider appropriate to apply not only to the architecture 
of the designated Italy, but also to the work of many 
constructivist and rationalist architects in the vast ex-
panses of the USSR, through compromise and cre-
ative search, tried to adapt to new requirements and 
socio-political request. For example, we can recall the 
House of writers “Rolit” authored by V. G. Krichevsky.

However, we, as a researcher, do not share the 
unambiguously negative attitude of Viktor Oleksan-
drovych to such variations, considering the transi-
tion of styles process and the corresponding synthe-
sis an extremely interesting period, which will lay the 
foundations for new decorative and constructive 
techniques that will be used in the new style iteration 
of the departure from neoclassical to modernism and 
functionalism in the USSR.

Note that in Germany and the USSR, where 
“pure” neoclassicism strongly rejected the avant-
garde, it rapidly disappears with the death of the cor-
responding authoritarian personalities who support-
ed it. In Italy, on the other hand, fascism architecture 
was not condemned and continued to develop grad-
ually after the fall of the regime. We directly link this 
to the fact that the Italian architecture of the 1930s 
did not contradict previous artistic achievements, 
becoming, in fact, one of the ways of development of 
the avant-garde and then just as organically returning 
to the postwar modernism and international style.

Similarly to Italian, the architecture of countries 
that were under significant Italian influence, in par-
ticular, Albania and Romania, will develop. For ex-
ample, you can recall the Royal Villa in Dures, on the 
Adriatic coast opposite Italy, near the capital of the 
country. It was built in 1937 by architect Cristo Satiri 
in the style of so-called Monumental rationalism [7], 
combining the features of avant-garde and neoclassi-
cal architecture. The architect, who graduated from 
Italian universities and also worked at the court of 
the Romanian royal family, designed the villa in the 
shape of an eagle.

Conclusion. Analogies and parallels that were 
drawn between the architecture of the USSR and 
world artistic progress reveal the depth of ties and 
the global cultural significance of creative achieve-
ments. It would be erroneous to consider Soviet 
and Ukrainian architecture as a separate phenom-
enon, devoid of influences and mutually enriching 
exchange with the global art of those times.

The architecture of Soviet and Ukrainian post-
constructivism paradoxically has much in com-
mon with the Italian development of neoclassical 
variations of the interwar period. However, given a 
number of fundamental differences in the political 
system and historical environment, which signifi-
cantly affected the artistic field, the development of 
Soviet and Italian architecture, with identical trends 
of the late 1920 s, will acquire more and more dis-
agreements during the third decade of the twenti-
eth century. The Italian systematic evolution from 
the avant-garde to the neoclassical turned out to be 
more viable and socially acceptable than the Soviet 
and German directive transformations, which were 
criticized and “forgotten” after the death of their re-
spective authoritarian initiators of creative change.
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URBAN-PLANNING PECULIARITIES OF FORMATION AND 
MANAGEMENT OF THE TOURISTIC AND RECREATIONAL 

NETWORK OF LOCAL SETTLEMENT SYSTEMS IN UKRAINE

Abstract. The article is analyzing the research of peculiarities of urban-planning approaches to elabo-
ration of proposals for spatial development of local settlement systems in Ukraine within the boundaries 
of amalgamated territorial communities. The spatial planning is offered as one of the instruments to 
manage the above systems which will ultimately provide the possibility to create a model of cross-system 
resource unification as well as local horizontal and national vertical governance systems.

It considers the prerequisites for developing a methodology in order to create touristic recreational 
complexes based on resource capacities of local settlement systems (territorial communities) in 
Ukraine. Attention is given to the situation in the industry and its prospective capabilities to play a 
principal role in economic development of a number of territorial communities. It outlines a number 
of principles that need to be used when considering the process in the urban planning activities. It 
also provides a specific example of a strategic program of local system development with the touristic 
and recreational component as its basis.

Keywords: territorial community, local settlement system, touristic and recreational activities, 
urban planning activities, environment, urbanization, natural resource, spatial planning, decentral-
ization, general scheme.

Introduction
Social and political changes in Ukraine are char-

acterized by restructuring of the political system of 
social institutions, changes in administrative and 
territorial structure, living conditions and labor re-
lations, reassessment of the set of values, redistribu-
tion of powers and authority etc. Urban planning 
activities like no others have been at the crossroads 
of developments, advantages, hardships, suggestions 
and expectations of positive changes. There arose the 
necessity to revise design documentation at all lev-
els starting with the General scheme of settlement. 
The emergence of a new territorial constituent that 
requires urban planning intervention – the amalgam-

ated territorial communities or local settlement sys-
tems – has caused the need to revise the regulatory 
and legislative framework.

A system constituent based on organization of 
space that encompasses urbanized recreational, agri-
cultural territories, as well as engineering and trans-
portation networks, needs strategic development 
offers that will decide its future.

In any country, the geopolitical influence on de-
velopment depends in a particular way on the spatial 
planning strategy, which is formed in its essence upon 
history, sociology, economics, politics and governance 
system. The qualitative attributes of a strategy, its trans-
formation and realization are resolved by the method 
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of territorial planning – both for the country in gen-
eral and regions, as well as the new form of settlement 
of the local systems in the conditions of developed 
amalgamated territorial communities. This situation 
is forcing to adjust not only the legislative framework 
of urban planning activities in the new conditions, but 
also to revise the statutory documentation in terms 
of its capacity at all levels of regional and local project 
development. The main form of documentation is to 
be based upon social, resource, economic and envi-
ronmental principles, it is to be cleared of traditional 
descriptive outdated forms, supplemented with ma-
terials of monitoring of implementation of the terms 
and conditions of the strategy and substantiations of 
challenging situations that often correspond at all lev-
els of regional and local planning.

The existing system of project activities is often 
deprived particularly of its systemic character, and 
therefore is not able to provide an exhaustive re-
sponse to a number of changes that are taking place 
in the society and its requirements to the new forms 
of the quality of existence. The decentralization that 
is under way in the country, as well as changes in the 
administrative and territorial structure occurring in 
the actual reality have outpaced the theoretical and 
practical visions of the urban planning response to 
these processes. Therefore, spatial planning is a tool 
that is closest to the reality and allows developing a 
hypothesis and paradigm of its possible realization.

Overview of Publications on the Topic
The decentralization processes and changes in ad-

ministrative and territorial structure of Ukraine started 
without a sufficient urban-planning foundation that 
should have had to elaborate the strategy for reforming 
the existing system into a desired one that would be de-
veloped on the advanced examples of other countries.

The existing hierarchy of urban planning activi-
ties in the country is built according to the vertical 
principle – from the complex to the simple. In the 
current conditions, this methodology has signifi-
cantly changed, and with emergence of new local 
settlement systems that will mostly be developed 

particularly on economic specialization, the new 
form needs new types of project design efforts.

In Ukraine, project development activities have a 
rather firm and substantial basis that was developed 
back in the day by national architects. Thus in the XX 
century, a significant contribution into the theory 
and practice of the urban-planning school was made 
by works of D. I. Bohorad, A. Einhorn, H. I. Filva-
rov, and I. O. Fomin [1, 407; 2, 49; 3, 25–31], who 
introduced, in particular, systemic methods of re-
gional planning. The works by M. M. Diomin and 
H. I. Lavryk [4, 184; 5, 251] have become a meth-
odological foundation for systemic methods in ar-
chitecture and urban planning. The research works 
by Yu. M. Palekha, H. P. Pidhrushnyi, V. M. Vadimov, 
V. I. Myronenko, T. F. Panchenko, I. K. Bystriakov, 
V. V. Shulyk [6, 149–152; 7, 24–44; 8, 55–66; 9, 5–7; 
10, 325] can be attributed to a number of special-
ized studies related to organization of activities at all 
levels. In their works, they considered the questions 
of transportation, industry, assessment of land, and 
natural potential for building recreational systems. 
The beginning of changes in ХХІ century was the 
search for new solutions both in the settlement sys-
tem and at the level of communities themselves.

At this period of time, the research efforts were 
mostly related to local aspects of environmental is-
sues, preservation of nature, history, culture in the 
context of their capacities for creation of a future 
development strategy for local settlement systems – 
territorial communities. These studies include the 
works of H. Shulha, H. O. Osichenko and others.

In modern times, elaboration and development 
of problems in the system theory of urban planning 
would be impossible without fundamental research 
by L. A. Avdotiin, M. A. Huriev, L. H. Dmitriev, 
H. I. Lavryk, J. Forester and others in the sphere of 
application of system analysis in urban planning; 
H. A. Zablotskyi in modelling of systems as trans-
portation and engineering structures; E. M. Pertsyk 
in the systemic character of the services system; 
I. O. Fomin in the formation of cluster systems of 
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inhabited localities as a result of communities ag-
glomeration; M. M. Diomin in the systems devel-
opment management, as well as A. E. Hutnov in 
substantiation of the foundation of urban-planning 

systems, which provided for the opportunity to 
open the way for the new realism of urban-planning 
thought that would suit the demands of any times 
[11, 270; 12, 320; 13, 38] (Fig. 1).

A.
І – natural environment;
ІI – social environment;

IІI – technical environment;

B.
The conceptual structural model 

of ecological system “population – 
environment – architecture”

C.
Regional urban-planning systems as stakeholders 

in the territory development management
І – environmental system;

ІІ – national economy;
ІІІ – society

“C” – environment; 
“H” – population;  

“Д” – activities

Figure 1. Scientific and theoretical foundations of spatial 
organization of the settlement system

A. A. E. Hutnov – concept of the settlement systems; B. H. I. Lavryk – demographic and ecological sys-
tems, mathematical methods in optimizing the urban-planning systems; C. M. M. Diomin – systems devel-

opment management

Objective
The objective of this publication lies in an attempt 

to substantiate the relation between spatial and re-
source planning at the three existing interrelated ter-
ritorial levels: national, regional and local, which is 
based on the new management system, connection 
of vertical and horizontal aspects of the processes. 

Today, the development of design (spatial) urban-
planning documentation is becoming an inseparable 
part in elaboration of the regional and local devel-
opment strategy in close relation. The tight connec-
tion of spatial development with the system of new 
administrative and territorial structure depends to 
a significant extent on the proposed strategy of the 
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state regional policy taking into account the strategy 
of development of cities, large and small villages that 
form the foundation of the existing settlement sys-
tem. The new element in the spatial development – 
the local system – belongs to the microeconomic 
level, and its resource potential plays a principal role 
in the development strategy both for the community 
itself and for higher-level stakeholders.

In further studies of the new settlement system 
stakeholder that was determined in the process of 
changes of the administrative and territorial subdivi-
sion of Ukraine, in particular, in studying the meth-
odology of development of new approaches to the 
proposals for spatial development of local settlement 
systems based on conceptual principles and scien-
tific substantiation of the new paradigm in urban 
planning activities. One of these approaches lies in 
engagement of significant resource capabilities for 
building up touristic and recreational network as a 
principal one in creation of a strategic program for 
territorial communities.

Materials and Methods
Ukraine – the twenty second country in the world 

in terms of territory with the area of 603.7 thousand 
km2 – gained its independence in 1991. As of that 
period, its population was 51.7 mln people, of which 
urban population was 35.1 mln and rural –16.6 mln. 
In terms of administrative division at that time there 
were 24 administrative regions, 489 administrative 
districts, 445 towns, 911 urban-type settlements and 
approximately 29 thousand villages, as well as the 
Autonomous Republic of Crimea.

Almost for the last 30 years there have been sig-
nificant changes in the settlement system and pecu-
liarities of administrative structure, as well as quan-
titative indicators, economic strategy, environmental 
situation etc. More than 600 population centers have 
disappeared from the map of Ukraine. If we consider 
the main regions determined by the General Scheme, 
the following can be seen: Eastern region – economic 
decline, social changes, war; Central region – cardi-
nal changes in the economic potential due to the loss 

of a large share of industry, migration processes and 
unreasonable growth of big cities; Western region – 
population outflow, migration abroad and almost 
complete decline of the economy, insufficient jobs 
and human resources; Southern region – significant 
loss of territories.

Therefore, currently, the settlement system of 
Ukraine has to some extent a fictitious nature in 
terms of development prospects, and the new players 
of the system – territorial communities – are its main 
elements being at the stage when they are putting 
together their economic development strategy. The 
fictitious nature is, among other things, confirmed by 
the UN data showing that Ukraine is among the top 
five countries in terms of population decline rate, and 
UN experts forecast that the country’s population 
will decrease by 18% by 2050.

In 2020, it is planned to generally complete the 
decentralization process that started back in 2015. The 
new architectural elements of the settlement system – 
in particular, the amalgamated territorial communi-
ties – basically need to form and approve the strategic 
development plan, that is mostly based upon resource 
capacities, existing economic potential, information 
support and efficient system of management exercised 
by local self-government authorities.

This particular way needs to be supported by a 
number of legislative acts as well as a new regula-
tory framework. According to the Law of Ukraine 
“On Voluntary Amalgamation of Territorial Com-
munities” of 2015, as of November 10, 2019, 1002 
amalgamated territorial communities were created 
in Ukraine (159 in 2015; 366 in 2016; 665 in 2017; 
and 806 in 2018). As can be seen from the indicator, 
the process is stable, however, today there are areas 
that need significant acceleration – these are Odesa, 
Kharkiv and Zakarpattia regions.

The second stage of administrative reform in 
Ukraine is currently coming to completion. The larger 
portion of amalgamated territorial communities has 
been created, and the district layout system has been 
reformed, as a result, 136 districts were offered. Ad-
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ministrative changes significantly outpace the exist-
ing system of urban planning design despite a number 
of relevant laws and resolutions at the national gov-
ernment level, and there are many reasons for that. 
Among the most important ones is the absence of reli-
able statistical data on the demographics, in particular, 
population structure and its occupation in economic 
activities, the real situation of land issues despite the 
adopted law on land sales, economic structure accord-
ing to the new strategy of administrative division etc. 
There is no doubt that the essence of territory plan-
ning at the national level lies in the development and 
implementation of the General territory planning 
scheme of Ukraine (adopted by the Law of Ukraine 
No.3059 – ІІІ “On the General scheme of planning 
of the territory of Ukraine” dated February 7, 2002), 
planning schemes for specific parts of the territory of 
Ukraine, regions, districts, schemes of international 
transportation corridors and their influence zones, as 
well as transborder areas [14]. It is important that the 
General scheme of planning of the territory of Ukraine, 
in particular, its part dedicated to spatial development, 
determines the planning structure and types of ter-
ritory use. As of today, the actual implementation of 
the General scheme provisions needs to take into ac-
count, besides the general national requirements, the 
capabilities of such structural elements as local settle-
ment systems (amalgamated territorial communities 
or ATCs) as the new “players” of the regional system.

The process of decentralization is raising serious 
questions of a new approach to the plans substanti-
ated by the General Scheme in the domain of social 
and economic development, and a new type of ur-
ban-planning documentation is emerging at the local 
level. Currently, the created territorial communities 
are in a situation when their strategic vision of de-
velopment has no relevant urban-planning concept.

The absence of project documentation, as a rule, 
leads to simplification of strategy realization at the 
initial stage, and later on – to its individualization and 
departure from the general system of development 
at the regional and national levels. At present, in 

Ukraine, over 40 laws are in force, also supplemented 
by the state construction standards (DBN) that reg-
ulate urban planning activities (urban planning, con-
struction sphere, licensing procedures etc.), which 
is only creating significant administrative obstacles, 
especially in the governance system.

This situation is caused not only by the fact that 
the urban planning sphere is lagging behind, but 
also by the situation of decentralization process in 
particular. Thus, today, Ukraine has 490 districts, 26 
districts are fully covered by amalgamated territo-
rial communities, 164 are covered by 50%-99%, and 
75 do not have any ATCs. In general, as of this day, 
1000 population centers are not included into any 
territorial public associations. The fact that the stage 
has not been completed is hindering the possibility 
to create a real concept of economic potential that 
can serve as basis for elaboration of urban planning 
strategy for spatial development [17].

2020 is to be the deadline for voluntary amalgama-
tion of territorial communities, and the results of this 
process would have to be included in the economic 
strategy of creation of new districts. The situation is 
unfolding unfavorably for the process in particular, as 
the use of coercive levers will lead to significant chang-
es in the structure of communities, as well as changes 
of administrative borders and development strategy.

The fact that political process is outpacing the 
substantiation of the final result of economic, social 
and spatial plan will essentially halt the development 
of local systems.

Another factor playing a negative role in the for-
mation of spatial development is the unstable nature 
of labor potential that lies in migration processes, un-
employment growth, unsubstantiated professional 
changes etc.

If unemployment rate was 4.3% of the labor re-
sources volume in the early 2000-s, it was 9.7% in 
2018 [15, 235]. The lion’s share of the unemployed is 
situated exactly in agricultural territorial communi-
ties, which leads to migration processes, destruction 
of the demographic structure, which is included in 
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the development strategy of territorial communi-
ties. That is why Ukraine today is among the top ten 
migrant donor countries of the world. According to 
different estimates, the number of qualified migrants 
is reaching 4 mln people. The reason of migration is 
search for work and education, and then search for 
work again. This is an exceptionally complex process, 
and therefore, its resolution is one of the main tasks 
both in the economic development processes and 
in the domain of urban planning activities at each 
level – of local settlement systems (ATCs) and devel-
opment of the new spatial concept of management.

The general process of ageing is also important, 
and each country is trying to do its best to preserve 
its education system in order to fulfill the needs of 
the economy in qualified specialists as a professional 
resource, which cannot be said about professional 
training in Ukraine. The country has a very high rate 
of educational migration, which leads to erosion of 
the educational system, fragmentation and incon-
sistency of higher educational establishments with 
low professional level, alienation of education and 
science from country’s real economic complex etc.

In this situation, it is more than important to de-
velop the professional system of society according 
to the needs of the economic potential, especially at 
the local level where the national policy is emerging. 
However, today, for example, every fourth graduat-
ing bachelor is trying to leave the country without 
completing a comprehensive higher education, 
which makes it impossible to develop a consistent 
nature of society’s professionalism.

The external migration is complemented with the 
internal one, which is keeping the tendency of dev-
astating small population centers and adding to the 
stagnation of the territories. Human being – currently 
the most unstable argument – remains the foundation 
of the spatial evolution of territories. Therefore, in 
Ukraine, spatial planning is acquiring new traits, new 
structural peculiarities at the local level, which include 
preservation of history, nature, traditions, environ-
ment, development of trades and national culture.

Creation of a perspective evolution plan of a pop-
ulation center, district, region, as a rule, was based on 
the analysis of achievements, which was losing rel-
evance as early as on the elaboration stage, therefore, 
the concept of spatial development of a local system 
should be based on the vision of the future, for the 
sake of which a way to its achievement is built. The 
perspective vision of the future is formed on the ba-
sis of its understanding by all community members 
and only then is it generalized by a professional team 
in the sphere of urban planning.

The great opportunities for development of amal-
gamated communities as local systems are found in 
the natural potential and building up of touristic and 
recreational functions on its basis that will become a 
stimulus for economic capability.

With its unique resources Ukraine has a possibil-
ity to raise the touristic and recreational industry to 
a significant level.

Ukraine has 70 thousand rivers and water res-
ervoirs, two sea coasts, the Carpathian mountains, 
6,737 specially allotted territories and natural reserve 
sites with an area exceeding 2.35 mln hectares. 20.0% 
of this territory is occupied by national natural parks, 
9.6% – by biosphere reserves, 17.2% – by regional 
landscape parks and many others [14; 15, 235].

Today, the great natural potential serves as the 
stimulus of economic development of local systems 
which will be able to restore growth and financial 
capacity of their existence.

Currently, in Ukraine, there is a large variety 
of touristic and recreational activities at different 
stages of development. These are water tourism, 
mountain hiking, ecological tourism, rural green 
tourism, educational tourism, business tourism, 
urban tourism to name a few.

However, development of the touristic and rec-
reational industry that is able to become a founda-
tion of economic stability of local systems does not 
meet its great potential and exceptionally convenient 
geopolitical location, if compared to the global and 
European scale. This is testified, for instance, by the 
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main indicators of touristic flows in Ukraine and be-
yond its borders, that have unstable dynamics, and 
according to the data of the Ministry of Culture and 
Tourism, is within 2–3 mln tourists per annum, in-
cluding 1–2 mln internal tourists [16, 246].

Unfortunately, even in the pre-crisis period, Ukrai-
nian indicators were essentially different from most of 
the foreign countries. Thus, in Ukraine, this industry ac-
counted for 0.6% of the gross domestic product and 1% 
of the jobs in all spheres of the economy. To compare, 
in France these indicators were accordingly – 7.7% and 
9.3%; in Spain – 9.0% and 11.0%; in Switzerland – 8.0% 
and 10.0%; and in Austria – 8.8% and 14.0%.

In this situation, the task of the state is to direct 
the processes in order to create a regional touristic 
and recreational system with identification of avail-
able touristic resources; to determine the directions 
of functional use (cultural, educational, environmen-
tal and green tourism etc.); to legislatively ensure their 
effective protection, prevent uncontrolled processes of 

alienation and privatization; to develop and implement 
a strategic program of local system as a component of 
the regional one; to develop touristic and recreational 
activities of communities from the standpoint of evolu-
tion interests of social and urban planning peculiarities.

Formation of regional touristic systems is based 
on the areas of group accommodation – zones of 
concentration of objects or natural resources, which 
in the new circumstances may become the unifying 
strategy for local settlement systems (territorial com-
munities).

Part of the territorial presentations have been 
reflected in the already elaborated concepts of eco-
nomic development of territorial communities, 
where the touristic and recreational sphere is one of 
the main strategic programs.

A case in point may be the strategy of the Ko-
blevo amalgamated territorial community uniting 
10 inhabited localities with a population of 7,266 
people (as of 2017).

Figure 2. Spatial organization of recreational territories: А – Koblevo ATC
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Economic specialization for the period of amal-
gamation: touristic sector, agriculture, recreational 
territories, recreation facilities, Tylihulskyi regional 
landscape park and others.

Basing on the Law of Ukraine “On Tourism” 
and taking into account the potential resource, the 
following types of touristic and recreational activi-
ties of the Koblevo ATC have been defined: cultural 
and educational, recreational and health-improving, 
sports, environmental (green), rural agricultural 
tourism, amateur-level and regulated in the areas of 
natural reserve fund (Fig. 2).

The strategy of development of recreational 
prospects for economic development is also in-

cluded in Velykodymerska amalgamated territo-
rial community as a prospective object in the in-
fluence area of the large metropolitan city of Kyiv 
and ATC of the urban-type settlement Borodi-
anka.

This is supported by good transport communi-
cation, favorable natural environment, deep history 
of settlements, folk customs and picturesque views. 
The investment program provides for recreational 
activity as the principal one alongside others, such 
as manufacturing enterprises and social and public 
utility domain. And the elements of the weekend 
city breaks and tourism system are to become the 
main objects (Fig. 3)

Option 1. An option of one-day touristic 
recreational trip that provides for familiarization 
with the history of local systems, familiarization 
with new settlements of people evacuated from 
the Chornobyl zone, visiting of the valley of 
reconstructed windmills and leisure on the bank 
of the Vablia river and forest recreation facilities.

Option 2. This option envisages two-day touristic 
recreation for residents of Kyiv and the region.

The first day includes familiarization with artifacts 
of folk arts and crafts and traditions of population 
centers moved from the Chornobyl zone, visiting of 
theme museums and viewing of films, visiting of the 
museum of wooden household articles.

The second day includes active leisure at natural 
sites.

Figure 3. Organization of touristic itineraries of the 
Borodianska amalgamated territorial community

Today, as it was noted in the earlier articles, the 
urban planning activities and planning system do not 

always adequately perceive the actual essence of so-
cial and economic changes. And there are numerous 
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reasons for that: the absence and unsystematic na-
ture of information support, the informational base 
is mostly formed to suit the already fulfilled facts, the 
legislative base has no firm foundation and ability 
to enforce the laws due to the absence of scientific 
research related to urban planning, lack of skills and 
desire to work with the state perspective for resolu-
tion of the problem etc.

This situation is exacerbating the crisis tension in 
the urban-planning activities, and the ambitions of 
all the stakeholders in the decentralization process to 
show “who is more important” lead to a greater gap 
between the reality and proposals.

The discrepancies between the law, norms and 
urban-planning activities are nothing else but disrup-
tion of the process of sustainable development of local 
systems – territorial communities. Today, the touristic 
and recreational activities in Ukraine do not yet have 
their own firm material and ideological base, which, 
unfortunately is changing upon political whims of 
separate players due to the absence of ownership.

In their development, the touristic and recre-
ational activities have to follow the principles of sus-
tainable development of local settlement systems for 
every separate goal as well as common goals of eco-
nomic and environmental improvement of regions 
and the country.

These principles may be as follows: the main 
purpose of activities is to be aimed at preservation 
of nature; upbringing the culture and sensitive at-
titude of the society to the history, nature etc.; the 
new administrative units – territorial communities – 
need to be less dependent on the unbalanced use of 
land; all the processes have to be carried out basing 
on the environmental strategy of preservation; high 
quality structure and services provision as a stimu-
lus of development; the activities are to be aimed at 
long-term period of cooperation of all spheres both 
in public and private sector and creation of invest-
ment attractiveness of territorial communities.

Today, the main positions in the urban planning 
activities are occupied by land interests, and this, as 

nothing else, is influencing the natural environment 
that serves as basis for the touristic and recreational 
system of the new settlement elements.

Therefore, understanding of decentralization 
ideology as a reform requires evaluation of current 
cooperation of the governance system as well as so-
cial and economic situation in the society and helps 
identify strategic sections of sustainable develop-
ment of the settlement system taking into account 
all the domains of activities:

– to trace in historical perspective the peculiari-
ties of formation of the country’s administrative and 
territorial division and a relevant system of manage-
ment of each separate system;

– to offer a methodological foundation that has 
to be based on governance, complex cooperation of 
all spheres of the society, determined taxonomic ter-
ritorial units owned by them;

– to create a model of vertical regulation and 
horizontal management of all the spheres of society 
life, unlike the existing statutory, legislative, gover-
nance and supervisory vertical structure.

– to identify factors that can influence reforma-
tion of the existing system of local self-governance 
into a transformed system of group forms of settle-
ments depending on strategic program;

– to offer tools of structural organization of 
space as an object of urban planning, zoning and re-
gionalization of territory taking into account the ter-
ritorial community as a new local level stakeholder 
with a special type of economic strategy for touristic 
and recreational activities.

Thus the existing urban-planning documenta-
tion is losing its untouchability and incorporated 
implementation guidelines without taking into ac-
count the dynamics of social changes, that have to be 
built-in as possible ones on the way to achievement 
of the ultimate objective. Collective substantiation of 
the ultimate objective determines specific structures 
responsible for its implementation and building of 
specific steps in the system that governs its achieve-
ment.
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The main instrument for carrying out manage-
ment and oversight should be monitoring of all pro-
cesses for anticipatory identification of possible issues 
and probable mitigation of their negative impact.

That is why today in Ukraine the planning of local 
systems’ territories provides for dedicated activities 
with elaboration of a space development strategy in 
order to create and support full-fledged living envi-
ronment. As a result, approval of the newly elabo-
rated urban planning documentation does not mean 
any automatic change of functional zoning of local 
system’s territory, real changes can take place only 
upon initiative of an amalgamated territorial com-
munity as a user and owner of a relevant territory 
confirmed by land-surveying documentation. And 
this is guaranteed by harmonization of statutory, leg-
islative and governance spheres according to a prin-
ciple stating that they all belong to urban planning 
legislation, i. e. to spatial planning.

Results and Their Discussion
The result of the study is an attempt to analyze 

urban planning activities in Ukraine not from the 
position of traditional land capacities, but from the 
point of view of unification of social needs and re-
source capabilities of the new settlement system 
stakeholder – the territorial community – that unites 
territories both within population centers and natu-
ral environment, that carries economic potential for 
their development and existence.

There are following advantages in forming local 
settlement systems in the conditions of amalgam-
ated territorial communities: a) historically formed 
planning structure of population centers and their 
economic complex that assures “sustainable” devel-
opment of integrated objects; b) “determined role” 
of populated localities in the “General scheme of 
planning of the territory of Ukraine”, as well as in 
the regional-level urban planning documentation; 
c) real “independence” of the formed territorial 
communities in choosing their development strate-
gies; d) possibility to change “directions and forms” 
of business activities within the framework of eco-

nomic development plan for higher-level settlement 
systems; e) “freedom of choice” in implementation 
of best practices in elaboration of an integrated pro-
gram of organization and operation of the new type 
of the group form of settlement.

This process has the following drawbacks: “ab-
sence of a full-fledged information base” (statistics, 
cadaster, demographics etc.) both for the period of 
unification of the objects and in the long-term per-
spective, “unpredictability of communities’ inten-
tions” – some of them want to unite with others to 
realize their interests, while others – do not; “limited 
conditions for development” of territorial commu-
nities, as main resource is the land, which is so far 
owned by the state and given to communities for use; 
“investor interests of unauthorized use” of territories 
by participants of the integration process.

Therefore, the search for conceptual solutions of 
balanced formation of local settlement systems in the 
conditions of amalgamated territorial communities 
taking into account implementation of changes in 
the management domain, keeping balance of na-
tional, regional and local interests in land relations, 
possibilities of growth of local economy and satisfac-
tion of social needs of the community is a relevant is-
sue, and its resolution depends on the legislative and 
urban planning regulations, as well as on creation of 
modern statutory and methodological foundation 
for projecting activities. Modern decentralization 
policy gives the society a possibility to determine its 
capacities and responsibility, first of all, in the sphere 
of management of all the spatial planning processes 
as separate systems, as well as the country in general.

The modern policy of ecologization and preser-
vation of natural environment provides a possibility 
for development of regional systems of touristic and 
recreational activities both for the country and for 
each local settlement system. It would be prospective 
to discuss particularly a comprehensive evaluation 
of resource capabilities of each territorial commu-
nity and the possibility to develop adjacent regional 
programs.
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Conclusion
The modern policy of ecologization and preser-

vation of natural environment provides a possibil-
ity for development of regional systems of touris-
tic and recreational activities both for the country 
and for each local settlement system. It would be 
prospective to discuss particularly a comprehen-
sive evaluation of resource capabilities of each ter-
ritorial community and the possibility to develop 
adjacent regional programs.

In many years of existence, the state of Ukraine 
has always been an initiator of potential avant-garde 
ideas related to the issues of urban planning and spa-
tial development. And the reasons for such a reaction 
of architects, geographers, and sociologists were fre-
quent social and political changes.

As a result, there are the following: concepts of 
new cities, development of entire regions, economic 
agglomeration and de-urbanization of territories, de-
centralization and the current concept of the new 
form of all-level systems management.

Spatial planning as a management instrument for 
development of local systems, is aimed at fulfillment 
of the following tasks:

– the settlement system has to reduce to mini-
mum the usage of territories with lack of responsibil-

ity for natural resources, as well as to optimize the 
existing system in terms of expenses for infrastruc-
ture development;

– coordination of development of local systems 
on the country’s entire territory as a single economic, 
social, environmental organism – local system – dis-
trict – region;

– prevention against emergence of regressing 
systems and creation of prospective chances of har-
monious economic development

The decentralization process in Ukraine is aimed 
at enlargement of the settlement system at the bot-
tom level, in particular, formation of territorial 
communities as a local-level system providing the 
possibility for a more critical evaluation of the real 
resources for development.

The new methodology that is being developed 
aims at uniting the internal and external capabilities 
on dedicated coordination of preservation, promo-
tion, and enrichment of natural, cultural, and his-
torical resources at all levels, having created regional 
models of touristic and recreational activities in the 
new administrative conditions and global influence 
of urbanization processes.
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The paper is devoted to the problem correctness 

of the formulation to the following multidimen-
sional mixed problem for the third order non-linear 
equation:
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( , )

( ) ( , ),
,

=
¶
¶

¶
¶

æ

è
çç

ö

ø
÷÷ -

=
å

1

 (4)

functions a x i j nij ( ) ( , , )=1  and a x( )  are measurable, 
and bounded in W  and satisfy in W  the following 
conditions:

a x a x a x a x

const

ij ji ij i j
i j

n

i
i

n

( ) ( ), ( ) , ( )

(

,

= ³ ³ ×

× =

=

=

å

å

0
1

2

1

x x a

x a >> 0)

where xi i n( , , , )=1 2  are arbitrary real numbers; 
j y,  are the given functions; F  is some, generally 
speaking, nonlinear operator, and u t x( , )  is a sought 
function.

There have been many works devoted to the 
study of mixed problems for non-linear third order 
equations (see [1; 2; 3; 5] and references therein).

In what follows we are using the following nota-
tions and facts.

1. We denote by D( )W  the class of all continu-
ously differentiable functions on W  which vanished 
near the boundary of W . The closure of D( )W  with 
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respect to the norm of W2
1( )W  we denote by D



( )W . 
Hence D W



( ) ( ).W WÌ 2
1

Denote D QT1( ) ( [ , ] )Q TT º ´0 W  the class of all 
continuously differentiable functions on the cylinder 
QT  are equal to zero in the d  neighborhood of the 
lateral surface on the cylinder QT , having the form: 
Q TT , [ , ]d dº ´0 W  where Wd  is a d  neighborhood of 
the boundary of W . The closure of D QT1( ) with re-
spect to the norm of W T2

1( )W  we denote by D QT



1( ). 
Hence D Q W QT T



1 2
1( ) ( ).Ì

Definition. The function u t x D QT( , ) ( )Î


1  belong-
ing to the space L T2( )W  together with all its derivatives 
u t xt ( , ), u t x i nxi

( , ) ( , ),=1  u t x i ntxi
( , ) ( , ),=1  

u t x i j nx xi j
( , ) ( , , ),=1  u t x u t x i j ntt tx xi j

( , ), ( , ) ( , , )=1  sat-
isfying equation (1) almost everywhere in QT  and tak-
ing initial values (2) almost everywhere in W  is called 
an almost everywhere solution of the problem (1)–(3).

2. For investigation of the problem (1)–(3) we 
recall one property of the operator L , generating by 
the differential expression (4) and boundary condi-
tion (3): there are denumerable number of negative 
eigenvalues
0 01

2
2
2 2> - ³ - ³ ³ - ³ < ® +¥ ®¥l l l l... ..., ( )s s as s

with the corresponding generalized eigenfunctions 
v xs ( ) which are complete and orthonormal in L2( )W . 
We call function v x Ds ( ) ( )Î



W  a generalized eigenfunc-
tion of the operator L , if it is not identically zero and

a x
v x

x
x

x
a x v x x dxij

s

i j
s

i j

n

( )
( ) ( )

( ) ( ) ( )
,

¶
¶

×
¶
¶

+
ì
í
ï

îï

ü
ý
ï

þï=
å F

F
W 1
òò

ò

=

= ls sv x x dx2 ( ) ( )F
W

for any function F W( ) ( )x DÎ


.
As the system { ( )}v xs s=

¥
1  is complete orthonormal 

in L2( )W , then it is evident that every almost every-
where solution of problem (1)–(3) has the following 
form:

u t x u t v xs s
s

( , ) ( ) ( ),=
=

¥

å
1

where

u t u t x v x dx ss s( ) ( , ) ( ) ( , ,...).= =ò
W

1 2

Then, after applying the Fourier method, finding 
the unknown Fourier coefficients u t ss ( ) ( , ,...)=1 2  
for the almost everywhere solution u t x( , )  of the 
problem (1)–(3) is reduced to the solution of the 
following countable system of nonlinear integro-
differential equations:

u t e F u x

e

s s
s

t
s

s

t

t

s

s

( ) ( ) ( ( , ))

( )

= + - + ×

× -

-

- -

òòj
l

y
l

tl

l t

1
1

1

1

2 2
0

2

2

W

éé
ë

ù
û = Îv x dxd s t Ts ( ) ( , ,...; [ , ]),t 1 2 0

 (5)

where
j j y ys s s sx v x dx x v x dx s= = =ò ò( ) ( ) , ( ) ( ) ( , ,...).

W W

1 2

Proceeding from the definition of almost ev-
erywhere solution of problem (1)–(3), it is easy to 
prove (see [1]) the following

Lemma. If u t x u t v xs s
s

( , ) ( ) ( )=
=

¥

å
1

 is any almost 

everywhere solution of problem (1)–(3) and the 
generalized derivatives 

¶
¶

=
x

a x i j k n
k

ij ( ) ( , , , , , )1 2  

are bounded on W , then functions u t ss ( ) ( , ,...)=1 2  
satisfy system (5).

3. We denote by B
l

l
Tb b

a a
0

0
, , ,
, ,


  a totality of all the func-
tions of the from

u t x u t v xs s
s

( , ) ( ) ( )=
=

¥

å
1

considered in Q TT = ´[ , ]0 W , where 
u t C Ts

l( ) ([ , ])( )Î 0  for all s  and

N u u tT s
t T

s
i

si

l
i

i i

( ) max ( ) ,( )º ×( )ì
í
î

ü
ý
þ

< +¥
£ £=

¥

=
åå la

b b

0
1

1

0

with a bi i i n³ £ £ =0 1 2 0 1, ( , , , ).  We define the 
norm in this set as u N uT= ( ) . It is evident that all 
these spaces are Banach spaces [5, P. 50].

4. Let G  be class all functions u t x( , )  which have 
the properties u t x( , ) , u t xt ( , ),  u t x i nxi

( , ) ( , ),=1

u t x i ntxi
( , ) ( , ),=1  u t x i j nx xi j

( , ) ( , , ),=1  u t xtt ( , ),  
u t x i j n L Qtx x Ti j

( , ) ( , , ) ( ).= Î1 2  
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Using Bellman’s inequality [4, p. 188–189], the 
following theorem on continuous dependence (in a 
certain sense) on initial functions j( ),x  y ( )x , and 
nonlinear operator F  for the almost everywhere so-
lution of problem (1)–(3). Problem (1)–(3) with 
the data   j y, , F  we let’s name problem A .

Theorem. Let
1 . a x C i j n a x C S Cij ( ) ( ) ( , , ); ( ) ( ); ;( ) ( ) ( )Î = Î Î2 1 31W W  
the eigenfunctions v xs ( ) of the operator L  under 
boundary condition v xs S( ) | = 0 be three times con-
tinuously differentiable on W; j( ) ( ),x WÎ 2

3 W  
j j( ), ( ) ( );x L x DÎ



W  y ( ) ( ) ( ).x W DÎ Ç2
2 W W



2. � � �
�

j j j( ) ( ); ( ), ( ) ( );x W x L x DÎ Î2
3 W W  �

�
y ( ) ( ) ( ).x W DÎ Ç2

2 W W

�
�

y ( ) ( ) ( ).x W DÎ Ç2
2 W W

3. For each u B G BT TÎ È Ç2 2
3 2

2 2
2 1

, ,
,

, ,
,( )  for almost all 

t TÎ[ , ]0 , F u t x D( ( , )) ( ).Î


W
4. For each u B TÎ 2 2

3 2
, ,
,  for almost all t TÎ[ , ]0 , 

� �
F u t x D( ( , )) ( ).Î W
5. The operators F  and F  acts from B G BT T2 2

3 2
2 2
2 1

, ,
,

, ,
,( )È Ç  

into W Qt x T, ,
, ( )2

0 1   so that, for all u v B T, , ,
,Î 2 2

3 2  and t TÎ[ , ]0

F u t x a t b t u

a t b t L T

W B T
( ( , )) ( ) ( ) ,

( ), ( ) ( , ),

( ) , ,
,

2
1

2 2
3 2

2 0

W
£ + ×

Î
F u t x F v t x c t u v

c t L T

W B T
( ( , )) ( ( , )) ( ) ,

( ) ( , ),

( ) , ,
,- £ × -

Î
2
1

2 2
3 2

2 0

W

 





F u t x F v t x c t u v

c t L
W B T

( ( , )) ( ( , )) ( ) ,

( ) ( ,
( ) , ,

,- £ × -

Î
2
1

2 2
3 2

2 0
W

TT ),

sup ( ( , )) ( ( , )) ,
, ,
, ( )u K W Q

F u t x F u t x
t x TÎ

-{ } º < +¥
1

2
0 1

 e

where
K K u a

B T
1 1 1

2 2
3 2= £( ),

, ,
,

a w t x T C a t

T

B L TT
1

2

0
2

0

2
2 4 2 1

4 2 1

2 2
3 2

2
º + + × × ×

× +

{ ( , ) ( ) ( )

exp[ (

, ,
, ( , )

)) ( ) ]} ,
( , )

× ×C b t
L T0

2
0

2
1
2

2

w t x e v xs
s

t
s

s
s

s( , ) ( ),= + -é
ë

ù
û

ì
í
î

ü
ý
þ
×-

=

¥

å j
l

yl1
12

1

2

 C n a x a x
i j n

ij C C0
1

1
2

º ×
ì
í
ï

îï

ü
ý
ï

þï=

max max{ ( ) }, ( ) .
, ,

( ) ( )W W  (6)

Then for the unique almost everywhere solutions 
u t x( , )  and u t x( , )  of problems (1)–(3) and A , re-
spectively, we have

u t x u t x C L x x
B WT

( , ) ( , ) { ( ( ) ( ))
, ,
,

( )
- £ × × -



2 2
3 2

2
1

3 0 f f
W

+ × × - + × -6 60
2
1

2
C x x L x x

W L
y y y y( ) ( ) ( ( ) ( ))

( ) ( )
 

W W

+ + × × × + × ×6 2 1 3 2 10 0
2

0

2

2
( ) } exp{ ( ) ( ) },

( , )
T C T C c t

L T
e  (7)

where the operator L  is defined by (4) and the num-
ber C0  is defined by (6).

Proof: By Theorem 2 from work [1] each of the 
problems (1)–(3) and A  has a unique almost every-
where solution

u t x u t v xs s
s

( , ) ( ) ( )=
=

¥

å
1

 and  u t x u t v xs s
s

( , ) ( ) ( ),=
=

¥

å
1

respectively, so that u K B TÎ Ì1 2 2
3 2
, ,
, , u B TÎ 2 2

3 2
, ,
, . Then, 

by virtue of the lemma, the functions u t ss ( ) ( , , )=1 2  
and � …u t ss ( ) ( , , )=1 2  satisfy system (5), so that for 
� …u t ss ( ) ( , , )=1 2  in the system (5) instead of j ys s,  
and F u( ) need to take  j ys s,  and F u( ), respectively.

Using this fact, from system (5) it is easy to ob-
tain that " Ît T[ , ]0 :

u u v x e
B s s

s
s

B s
t

t

s- £ - + -
=

¥
-å 

2 2
3 2

2 2
3 2

22

1

2

23 3
1

1
, ,
,

, ,
,

( ) ( ) (j j
l

l tt
s s

s
s

B

v x
t

)( ) ( )
, ,
,

y y- +
=

¥

å 

1

2

2 2
3 2

+ - × - - -ò3
1

12
0

2

l
t x t x x x tl t

s

t
s

t
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W
òòå
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B
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2
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3 2
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,
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¥

=

¥

å å3 6 63 2
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2

1
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s s s   33 2 1 0
2

1

2

0
2
1
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W

t

+ × - £
=

¥
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2 2
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2 2
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2

0
2L x x T C F u x F u x

L Wt
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,
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0 1
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+ + × × × - £ × × -ò6 2 1 30
2 2
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0
2

2 2
3 2( ) ( ) ( ( ) ( ))
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,T C c u u d C L x x

B

t

  t t j j
t WW2

1

2

( )W

+ × × - + × - + + ×6 6 6 2 10
2 2 2

0
2

2
1

2
C x x L x x T C

W L
y y y y( ) ( ) ( ( ) ( )) ( )
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W W
×× +e 2 + + × × × -ò6 2 1 0

2 2 2

0
2 2
3 2( ) ( ) .

, ,
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t

 t t
t

From here, on applying Bellman’s inequality 
[4, P. 188, 189], we obtain the estimate (7).
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CONSTRUCTION OF INFINITE ALGEBRAIC K-THEORY OF P. II
Abstract. To solve various problems of algebraic topology, it is useful to have the construction of a uni-

versal object in algebraic K - theories [1, 87–149], for constructing the entire infinite chain of functionaries.
The theorem is formulated in the work: that every simplex, in Stifel, is a prototype of an arbitrary simplex 

in Grassmanian sG
l ,  can be transformed by homotopy [3, 17–19], into the direct product of simplex sG

l  
and simplex sG L

m
�  in the complex: GL K A ( , ) [4, 11–14].

This allows you to draw to display the Stifel in Grassmanian p V A G A� � �: ( ) ( )® exact sequence:
… � � � � �® ® ® ® - ® -p p p p pi GL A i V A i V A GL A i GL A i( ( )) ( ( )) ( ( ), ( )) ( ( )) (1 1 VV A� …( )) ,®  [2,844–873].

Keywords: Grassmanian, simplex, embedding, prototype, homotopy, module, flag, subalgebra.
Lemma. Let gi i, ,=1 4 the operators from the nil-

potent subalgebra NA END AnÌ ( ), then there are such 
pi i, ,=1 2 substitutions of the basise en en e n1 1 2,..., ; ,...,+  
of the module An AnÅ , that lead the matrices Аi i, ,=1 2  

of these operators: А
g g

g g
А

g g

g g1
1 2

1 3 4
2

1 1 2

3 4
=

+
=

+æ

è
çç

ö

ø
÷÷

æ

è
çç

ö

ø
÷÷,  

to a triangular view.
Proof
If the matrices of all operators gi i, ,=1 4  are tri-

angular, then there are the following substitutions 
pi i, ,=1 2  on the basis e en en e n1 1 2,..., ; ,..., ,+  that lead 
the matrices Аi i, ,=1 2  to a triangular form: 
p n n n n p ,n n n n1 1 1 2 2 2 2 1 1 2 2 2= + +( ) = + +( ), , , ,..., , , , , ,..., , .

If there was already a substitution on the vectors 
e en1,..., , then exactly such substitution p,  is available 
on the vectors en e n+1 2,...,  and substitutions leading 
Аi i, ,=1 2  to a triangular view will be as follows: 
p p p p p p1 2 , , , .( ) ( )

Lemma is proved.
Prerequisites and designations.
Consider a diagram of simplicial complexes:

Vk n A
p

Gk n A

i i

V k n A

, ,

,

( ) ( )

( )

®

¯ ¯

� � � �

� � � � � � � � � � � � � � � � � � � � � �

�

1 2

2 2 ®® ( )
p

G k n A2 2, .

The mapping of Pin p  Stifel to Grassmanian in 
this diagram was defined by us earlier [2, 11–14]. 
Define mappings i1 and i2.

Еmbedding i1: if sV
m b b bm Fl= æ

è
ç ö

ø
÷0 1, ,..., ,  simplex 

in complex Vk n A, ,( )  where b e ek Q0 1 0= ( ),..., , , i m=1,... ,

bi i Gi e i Gi ek Qi= + + + +( ) ( )( )1 1 1j j,..., , ,

Fl P Q Pl Ql= Å Å Å Å1 1 ... ,  modules pi  are a linear 
shell, some of the vectors e ek1,..., , then simplex 
i V

m V k n A1 2 2s( ) ( )Î� ,  is defined as follows:i V
m b b bm i Fl

1 0 1 1s( ) ( )æ
è
ç ö

ø
÷= ¢ ¢ ¢, ,..., , ,  

i V
m b b bm i Fl

1 0 1 1s( ) ( )æ
è
ç ö

ø
÷= ¢ ¢ ¢, ,..., , ,  where vertices: ¢ = Å -( )b e ek u uk Q An k

0 1 1 0,..., , ,..., , ,

¢ = Å -( )b e ek u uk Q An k
0 1 1 0,..., , ,..., , , ¢ = Å -æ

è
ç ö

ø
÷b e ek u uk Q An k

0 1 1 0,..., , ,..., , ,  
i m=1,..., ,

¢ = + + + + Å -( ) ( )æ
è
ç ö

ø
÷bi i Gi e i Gi ek u uk Qi An k1 1 1 1j j,..., , ,..., , ,

{ ,..., } ,u uk Ak
1 =
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i Fl P Q Pl Ql Ak An k
1

1 1æ
è
ç ö

ø
÷ = Å Å Å Å Å Å -... , Ak  and 

An k-  are free A  modules.
In the same way, the embedding i2  of the com-

plex Gk n A, ( ) in the complex G k n A2 2, ( ) is determined.

Let sG
m a a am Fl= æ

è
ç ö

ø
÷0 1, ,..., ,  simplex in complex 

Gk n A, ,( )  where a P Q0 0 0= ( ), , ai Pi Qi= ( ), , Fl P Q Pl Ql i m= Å Å Å Å =1 1 1... , ,... , 

Fl P Q Pl Ql i m= Å Å Å Å =1 1 1... , ,... , then simplex 
i G

m G k n A2 2 2s( ) ( )Î� ,  is defined as: i G
m a a am i Fl

2 0 1 2s( ) æ
è
ç ö

ø
÷

æ
è
ç

ö
ø
÷= ¢ ¢ ¢, ,..., , , 

i G
m a a am i Fl

2 0 1 2s( ) æ
è
ç ö

ø
÷

æ
è
ç

ö
ø
÷= ¢ ¢ ¢, ,..., , ,  where vertices: i m=1,..., ,

¢ = Å Å - ¢ = Å Å -æ
è
ç ö

ø
÷ æ

è
ç ö

ø
÷a P Ak Q An k ai Pi Ak Qi An k

0 0 0, , , ,  
and the flag next i Fl P Q Pl Ql Ak An k

2
1 1æ

è
ç ö

ø
÷ = Å Å Å Å Å Å -... ,

i Fl P Q Pl Ql Ak An k
2

1 1æ
è
ç ö

ø
÷ = Å Å Å Å Å Å -... , Ak  and An k-  are free A 

modules.
If sG

l  is l  – a dimensional simplex in the complex 
Gk n A, ,( )  then through Kn G

lsæ
è
ç ö

ø
÷ we denote the sub-

complex of Vk n A, ( ) which is the complete prototype 

of the simplex sG
l  when displaying p,  i. e. 

Kn G
l p i G

ls sæ
è
ç ö

ø
÷ æ

è
ç ö

ø
÷

æ
è
ç

ö
ø
÷= -1

2 .

If i G
l

2 sæ
è
ç ö

ø
÷ simplex image sG

l  when displayed i2, 

then K n G
l

2 sæ
è
ç ö

ø
÷

– full prototype of simplex i G
l

2 sæ
è
ç ö

ø
÷  when dis-

played p  in complex G k n A2 2, ,( )  i. e. K n G
l p i G

l
2

1
2s sæ

è
ç ö

ø
÷ æ

è
ç ö

ø
÷

æ
è
ç

ö
ø
÷= - . 

K n G
l p i G

l
2

1
2s sæ

è
ç ö

ø
÷ æ

è
ç ö

ø
÷

æ
è
ç

ö
ø
÷= - .

We will need to describe the simplicial invest-
ment of the W  complex Kn G

ls gæ
è
ç ö

ø
÷Ä 3  in the com-

plex K n G
l

2 sæ
è
ç ö

ø
÷, where g 3 is the simplicial complex, 

consisting of four vertices { , , , }C C C C0 1 2 3  and in pairs 
of vertices Ci Ci, +( )1  in this list they specify a one-
dimensional simplex s1

1= +( )Ci Ci, , i. e. in the com-
plex Kn G

ls gæ
è
ç ö

ø
÷Ä 3 there are three sub-complexes of 

the form Kn G
ls sæ

è
ç ö

ø
÷Ä 1.

Let sV
N  be N  – the dimensional simplex in the 

complex Kn G
lsæ

è
ç ö

ø
÷, which is the prototype of the sub-

simplex s sG
K

G
lÌ .

Consider in the complex Kn G
ls gæ

è
ç ö

ø
÷Ä 3 subcom-

plex s gG
N Ä 3 and the embedding W  of this subcom-

plex into the complex K n G
l

2 sæ
è
ç ö

ø
÷. Thus, the embed-

ding of the entire subcomplex Kn G
ls gæ

è
ç ö

ø
÷Ä 3 into the 

complex K n G
l

2 sæ
è
ç ö

ø
÷. will be described.

Let fi V
N

V
N: ,s s s gÄ ® Ä1 3  i =1 2 3, ,  attachments 
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Let e ek ek en1 1,..., ; ,...,+  respectively in the modules 
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K
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can be represented in the following matrix form: 
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All vertices of the aV aV aN
V

0 1
, ,...,  simplex sG

K , 
which is the prototype of the simplex sG

K , also write 
in matrix form in the basis e ek1,...,  of the module P0  
and the basis ek en+1,...,  of the module Q0. The con-
versions of the vertex aV

0  to vertices ai
V i N, ,...,=1  

are also represented in matrix form.

Let Bj
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1
1

1
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+æ

è
ç
ç

ö

ø
÷
÷

j

y
 matrix transform vertex aV

0  

to vertex a j
V j N, ,.,=1  simplex sV

N .

For the simplicity of further notations, we believe 
that the vertices aV aj

V
0 ,  are prototypes of the vertices 

a aj0,  simplex sG
K , respectively  A Ai i K0 1, , ,...,=

– denote the matrices of the vertices aV ai
V

0 ,  in 
the bases e ek ek en1 1,..., ; ,...,+  of the modules P Q0 0,  
respectively, where the vertices aV ai

V
0 ,  are considered 
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the prototypes of the vertices a ai0,  of the simplex 
sG

K when displayed p,  i.e.
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where A0 is the module matrix P e ek0 1= { ,..., }  of the 
vertex a P Q e ek Q0 0 0 1 0= =( ) ( ), { ,..., }, .
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-

æ

è

ç
ç

ö
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ECOLOGICAL PROTECTION OF RICE SEEDS FROM WEEDS

Abstract. Lack of the necessary system of protection of crops of rice of sowing leads to sharp 
competition of weeds and decrease in level of productivity of grains by 70,7% from the maximum 
(10,63 t/hectare).

Ecologically safe systems of weed control in rice crops with the help of a system of special 
ecologically safe membranes are promising in agricultural production. The use of special membranes 
to protect rice crops from weeds ensures the yield of rice grains at the level of 10.35, 9.89 and 
10.21 t/ha respectively or 97.4%; 93.0%; 96.1% of the maximum indicators.

Keywords: weeds, rice, competition, vegetation, rice sowing.
Introduction. Demand for biologically safe food 

products in the world is stable and supply is far from 
satisfying demand [1].

Scientists are faced with a difficult problem: 
how to ensure successful weed management in rice 
checks without the use of herbicides and manual 
labor? Known techniques used in dry farming to 
control weeds: the use of plant mulch, shielding the 
soil surface with opaque synthetic film or agrofiber 
in rice checks, could not be canceled [2, 61–71].

The most sensitive plants are in two periods: 
at the beginning of ontogenesis – the stages of 
seedlings and juvenile and at the generative stage 
[3, 135–157].

If a suitable obstacle is placed in the path of the 
weed seedling, the seedling of the young plant will 
not be able to switch to autonomous nutrition by 
photosynthesis after consumption of limited re-
serves of plastic substances present in the seed and 
will gradually die after depletion [4; 5].

Objects and research method. The research 
was performed on the basis of the Rice Institute of 
NAAS of Ukraine 2018–2020.

Experiments small-scale, field. The area of sown 
plots is –14 m2. The area of accounting plots –10 m2. 
Repetition of variants in the experiment 6 times. 
Placement of plots – regular in 2 tiers.

Experiments, records, observations and analyz-
es were performed in accordance with the specifics 
of the requirements “Methods of testing and appli-
cation of pesticides” edited by Professor SO Trybel 
[6], Methods of research in weeding [7].

The experiment involved the implementation of 
a scheme of options, which included areas:

1. Sowing rice without weed control measures.
2. Crops of rice sown with use for protection against 

weeds spraying with herbicide Sirius z. p. (eg pyrazo-
sulfuron-ethyl, 100 g/kg) at a rate of 0.2 kg/ha3 days 
before flooding rice checks with water and the pres-
ence of 2–3 leaves in weed plants – rice millet.
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3. In the process of sowing rice, a system of spe-
cial membranes (№ 1) is placed in the crops.

4. In the process of sowing rice, a system of spe-
cial membranes (№ 2) is placed in the crops.

5. In the process of sowing rice, a system of spe-
cial membranes (№ 3) is placed in the crops.

6. Crops of vegetative rice are grown without the 
negative influence of weeds (carrying out 4 consecu-
tive manual weeding during the growing season).

Mass seedlings of rice sown plants in the areas of ex-
perimental variants were obtained: in 2018, 257 units/
m2, in 2019, 293 units/2, in 2020, 280 units/m2.

Carrying out of measures of protection of crops 
of rice of sowing against weeds by spraying of sprouts 
with working liquid with herbicide Sirius z. p. (op-
tion 2) affected the weed plants that survived to form 
their mass. On average, the raw weight of weeds in 
crops of rice (option 2) was 516 g/m2, or 6.3 times 
less than in weed control crops (option 1). The most 
frequent mass of weeds was formed by plants of 
rooster millet – 292 g/m2 or 56.6% of the total mass 
of weeds, leeria rice – 98 g/m2 or 18.9%, meadow 
foxtail – 66 g/m2 or 12, 8%.

In the crops of option 3, a system of special mem-
branes № 1 was used, the mass of the aboveground 
parts of weed plants was very small and amounted to

46 g/m2. Of these, the largest share was in plants 
of rooster millet –25 g/m2 or 54.3%. Meadow foxtail 
plants form 11 g/m2 of raw weight or 23.9%, and rice 
beetle 10/m2 or 21.7% of the total weight of weeds.

The use of special membranes № 2 (option 4) 
for the protection of rice crops sowing reliably 
controlled the processes of weed mass formation. 
The total weight of weeds in crops averaged 319 
g/m2 or 9.9% of the value of the accumulation of 
weeds in crops of option 1 (weed control) In the 
structure of the mass of weeds in crops of option 
4–157 g/m2 or 49.2% were rice millet plants. Leeria 
rice-shaped formed 64 g/m2 or 20.1% of the total 
mass of weeds.

The use of special membranes № 3 (variant 5) 
for the protection of rice crops exceeded the level of 
the previous version of the experiment in terms of 
the efficiency of controlling the processes of weed 
mass formation.

The average weed accumulation was 154 g/m2 or 
4.8% of the weed mass in weed control crops (Op-
tion 1). Rooster millet plants formed on average 
63 g/m2 or 40.9%, rice beetle 37 g/m2 or 24.0% of 
the total mass of weeds.

The free development of weed plants in rice crops 
provided them with the opportunity to actively form 
their aboveground mass and to show fierce competi-
tion for the factor of life, primarily for light energy 
and mineral nutrition. The existence of such compe-
tition is evidenced by an integrated indicator – the 
level of crop yields. Areas of option 1 (weed control) 
provided the formation of an average of 3.11 t/ha of 
grain with a moisture level of 16.12% are given in 
(table 1).

Table 1. – The impact of weeds in crops on the level of yield of rice 
grains (t / ha) in 2018–2020

Indicators Experiment options
1 2 3 4 5 6

Yield of grain of sowing rice, t/ha 3.11 9.39 10.35 9.89 10.21 10.63
*TSSD0,05 0.49
Humidity of grains,% 16.12 16.07 16.08 16.06 16.07 16.08
TSSD0,05 0.14

*TSSD0,05 – the smallest significant difference

The highest level of grain yield in rice crops was 
recorded in option 6 (vegetation of crops without the 

negative influence of weeds). Over the years of re-
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search, the average yield of rice grains was 10.63 t /ha 
with a moisture level of 16.08%.

Areas of rice sowing (option 2), where the herbi-
cide Sirius z. p. (production control) provided an av-
erage of 9.39 t/ha of grain or 88.3% of the maximum 
yield in the experiment. The ability to form weeds 
in crops of raw mass in the amount of 516 g/m2 re-
duced the yield of crops by 1.24 t/ha or 11.7% of the 
maximum level in the experiment.

Yields of rice crops, where special membrane sys-
tems № 1 (option 3) were used for weed protection, 
averaged 10.35 t/ha or 97.4% of the maximum values 
in the experiment (crops of option 6). The difference 
in the level of grain yield between crops was in the 
range of 0.28 t/ha, or did not exceed the TSSD0.05 of 
the experiment. Therefore, such a deviation is unreli-
able, but only indicates a certain trend.

Crop yields in the areas of option 4, where a sys-
tem of special membranes № 2 was used to protect 
crop plants from the negative effects of weeds over 
the years of research amounted to 9.89 t/ha of grains. 
The difference in yields between the maximum in the 
experiment (option 6) was 0.74 t/ha or 6.96%. That is, 
the difference was greater than the TSSD value of 0.05 
in the experiment and is therefore significant.

At the same time, the yield of rice crops in the 
areas of option 4 significantly exceeded the yield of 
production control using the protective effect of the 
herbicide Sirius. item (option 2) at 0.5 t/ha. Accord-
ingly, crop protection against weeds using a system 
of special membranes № 2 was not only environmen-
tally friendly but also more effective compared to the 
use of chemical protection.

In crops of rice sowing using the protective action 
of the system of special membranes № 3 (option 5), 
the level of grain yield was close to the indicators of 

crops of option 3 and averaged 10.21 t/ha. The differ-
ence between the best yields in the experiment (option 
6) was at the level of 0.42 t/ha. That is, the difference 
was insignificant, because it is less than the TSSD0.05 
in the experiments. It is legitimate to note only a certain 
tendency to decrease in comparison with the maxi-
mum in the experiments of grain yields of rice crops.

Conclusions:
1. At the average number of weeds in crops of 

sown rice 97.8 pcs./m2 during the growing season 
formed 3227 g/m2 of raw mass. Application for pro-
tection of crops against weeds of herbicide Sirius 
with. n. at a rate of 0.2 kg/ha (crops of option 2) 
provided a reduction in the ability of weeds to form 
their mass in 6.3 times (516 g/m2), and with the 
use of environmentally friendly systems of special 
membranes from 10.1 to 70.1 times or from 319 to 
46 g/m2 of raw mass of weeds in crops, respectively.

2. The system of special membranes, which are 
applied to crops simultaneously with sowing, reliably 
controls the seedlings of most annual weed species 
and partially (by 57–74%) seedlings of perennial 
species. The duration of the protective effect of such 
an environmentally safe weed control system is from 
80 to 100 days from their use.

3. Yields of rice crops were the highest in the 
experiment in the areas of option 6 and averaged 
10.63 t/ha of grains at a humidity of 16.08%. Crops 
of option 2 (use of herbicide Sirius z. p.) provided 
9.39 t/ha (88.3% of the maximum in the experi-
ments).

4. The use of a system of special membranes (op-
tions 3; 4; 5) to protect crops from weeds ensured 
the yield of rice grains at the level of 10.35, 9.89 and 
10.21 t/ha, respectively, or 97.4%; 93.0%; 96.1% of 
the maximum values in the experiment.

References:

1. Amaugo G. O., Emosairue S. O. Influence of kernel seed extracts on stem well damage and horse rice yield 
in southeastern Nigeria. Intern. Notes on the study of rice. 2005. – No. 30.1. – 24 p.

2. Andreasen K., Jensen H. A. and Jensen S. M. Decrease in soil seed diversity in 50 years in arable fields in 
Denmark. Agriculture, ecosystems and the environment. 2018. – Vip. 259. –P. 61–71.



Section 3. Agricultural sciences

30

3. Barrett S. K., Harder L. D. Ecology of mating and its evolutionary consequences in seed plants. Annual 
review of ecology, evolution and taxonomy. 2017. – Vip. 48. – P. 135–157.

4. Дудкин И. В., Дудкин В. М., Айдиев А. Я., Стрижков Н. И., Дудкина Т. А. Экология и защита расте-
ний. Всероссийский фермер: интернет-журнал. URL: http://vfermer.ru/rubrics/zaschita-rasteniy/
zaschita-rasteniy_1448.html (дата звернення 4.03.21).

5. Швартау В. В. Гербіциди. – Т. 2. Основи регуляції фітотоксичності та фізико–хімічні і біологічні 
властивості. – К.: Логос, 2009. – 1046 с.

6. Методики випробування і застосування пестицидів / за ред. проф. С. О. Трибеля. – К.: Світ, 2001. – 
448 с.

7. Методики проведення досліджень у  буряківництві / М. В. Роїк, Н. Г. Гізбуллін, В. М. Сінченко, 
О. І. Присяжнюк та ін.; під заг. ред. академіка НААН М. В. Роїка та член-кореспондента НААН 
Н. Г. Гізбулліна. – Київ: ФОП Корзун Д. Ю., 2014. – 374 с.



ESTIMATION OF THE INFLUENCE OF A CLAYED ADSORBENT MODIFIED BY CARBAMIDE ON THE INDICATORS OF GRANULATED CESSE BASED FROM LOW-SORTED SEEDS OF COTTON

31

Section 4. Technical sciences

https://doi.org/10.29013/AJT-21-1.2-31-34
Akhmedov Azimjon Normuminovich,

Doctor of Technical Sciences, Acting Professor
of the Department of Food Technology of Products
of the Karshi Engineering and Economic Institute,

Uzbekistan, Karshi
E-mail: a.ahmedov80@mail.ru

Khaydarova Iroda Baxtiyor qizi,
Master’s student at Karshi Engineering

and Economic Institute, Uzbekistan
Giyasov Javlonbek Shavkatovich,

Researcher of the Karshi Engineering
and Economic Institute, Karshi

ESTIMATION OF THE INFLUENCE OF A CLAYED ADSORBENT 
MODIFIED BY CARBAMIDE ON THE INDICATORS OF GRANULATED 

CESSE BASED FROM LOW-SORTED SEEDS OF COTTON

Abstract. This scientific article is devoted to the effect of urea-modified clay adsorbents on the 
quality of oilcake. Studies have shown that pre-clarification of oils from low-grade cotton seeds using 
carbamide-modified clay adsorbents (CMCA) does not reduce the quality of processed fuse oil and 
granular cake. On the contrary, this makes it possible to enrich the granules of oilcake and, ultimately, 
meal, mineral elements necessary for animal nutrition, triacylglycerides, provitamins (carationides, 
tocopherols) A and E.

Keywords:

Introduction: In recent years, the number of 
low-grade seeds coming to cotton processing enter-
prises has amounted to 25–30% [1, P. 6]. Therefore, 
the specific gravity of refined oils taking into account 
the quality of seeds and violations of technological 
conditions increased to 40–50% of the total volume 
of processed unrefined cottonseed oils [1, P. 13, 2; 
p. 23–26, 3; p. 16–20].

In order to pre-clarify the press oil obtained from 
low-grade (III–IV grades) cotton seeds, we previous-
ly proposed introducing a clay urea-modified adsor-
bent into the composition of crude oil, which sorb 
the dark-colored pigments of gossypol, chlorophyll 
and their derivatives.

This, without any changes in the production 
line for primary cleaning of press oil, allows this 
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technology to be implemented and to improve the 
quality, in particular, the color of crude oil. In the 
direction of the press oil, the spent adsorbent settles 
at the bottom of the rotating augers and fusatank [4; 
p. 67–68]. From the latter, solid particles in the form 
of a fuse, i. e. return goods sent to the first vat of the 
frypot for mixing with peppermint. The resulting 
mixture after moisture-heat treatment is phased into 
the second, from the second to the third, from the 
third to the fourth, from the fourth to the fifth and 
from the fifth to the sixth tub, which is connected to 
the loading part of the pellet mill. Thus, the spent 
clay adsorbent modified with urea after press passes 
into the composition of the granulated cake, which 
is sent to the extraction of oil from it. Given this situ-
ation, we investigated the effect of a urea-modified 
clay adsorbent on the performance of granular oil-
cake obtained from low-grade cotton seeds

Materials and methods. The article uses mod-
ern methods of chemical, physico-chemical and 
other analyzes with the processing of the results by 
statistical methods [5, P. 23].

The analyzes of cotton cake were carried out ac-
cording to the method described in the “Guide to re-
search methods, technological control and account-
ing of production in the oil and fat industry” [6, p. 
101–135; 3, p. 201–215].

– the oil content in the processed materials was 
determined by exhaustive extraction in the apparatus 
Zaichenko and Naaba [5, p. 115–129];

– the moisture content of oil-containing materials 
was analyzed by the gravimetric method [7, p. 1–20];

– the total and internal porosity of the materi-
als was determined by standard methods on an Ital-
ian mercury porosimeter (Model-200) of the Carlo 
Etrostrumentazion company.

To assess the porosity and quantitative character-
istics of the pore structure, the method of mercury 
porosimetry was used, the main advantage of which 
is the absolute inertness of mercury with respect to 
the components of oilseeds. In addition, this meth-
od allows one to determine almost even the largest 

pores; only pores with sizes less than 37 remain un-
reached.

A mercury porosimetric installation consists of the 
following units: a pressure generating system for intro-
ducing mercury into the pores and a system for mea-
suring the volume of mercury pressed into the pores.

The weighted sample is placed in a special cell – a 
dilotometer containing a glass capillary tube. To fill 
the cell with mercury, it is placed in a special auto-
clave, preliminary evacuation removes air from the 
dilotometer and pores of the sample, then mercury is 
introduced into the evacuated system. The change in 
mercury levels with increasing pressure is quantified 
using an electronic system. An increase in pressure is 
noted on the mercury pressure gauge.

All analysis takes place automatically.
A pressure porosimeter measures the movement 

of a column of mercury under pressure.
– the bulk weight of bulk materials was calcu-

lated by the formula:
 r =

G
V

; (1)
Where: G – is the weight of the material in a 

given volume, kg;
V – is the volume occupied by the material, m3.
The porosity of the particle layer was determined 

by the formula:
 E H

T

= -1
r
r

; (2)

Where: ρн – bulk density of bulk material, kg/m3;
ρt – is the density of its solid fraction, kg/m3.
In recent years, due to the expansion of the types 

of press granulators with different capacities, the 
problem has arisen of determining the optimal diam-
eter and length of the extractable cake pellet. So, for 
example, the diameter of the granules on the G-24 
press granulator was maintained within 10–12 mm, 
and the length was 14–17 mm. For more productive 
press granulators such as R3MOA with a capacity of 
300 tons of cake per day, such sizes are unacceptable, 
because they dramatically reduce the performance of 
these units. With this in mind, we studied the possi-
bility of changing the diameter and length of the cake 
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pellets, taking into account the variety of processed 
cotton seeds.

Results. The results of the analysis of such gran-
ules of cake obtained in the JSC “Koson oil-extrac-
tion” are presented in (table 1).

Table 1. – The effect of a carbamide-modified clay adsorbent on the 
performance of granular oilcake obtained from low-grade cotton seeds

Name indicators 
cake

Indicators of cotton cake obtained from:
I–II grades in the content: III–IV grades in the content:

regular 
fuze 5%

with the 
addition of 
CMCA fuse 

5%

with the 
addition of 
CMCA fuse 

7.5%

regular 
fuze 5%

with the 
addition of 
CMCA fuse 

5%

with the 
addition of 
CMCA fuse 

7.5%
Oil content,% 17.6 17.2 16.8 21.5 21.1 20.7
Pudding,% 15.2 14.5 14.1 22.1 21.8 21.3
Humidity% 6.9 6.5 6.1 7.9 7.2 6.8
Porosity, cm3/g 0.019 0.016 0.013 0.022 0.017 0.010

To assess the role of the clay urea-modified ad-
sorbent on the performance of the cake pellets ob-
tained, we conducted certain studies in the press 

shop of Koson og-extraction JSC. The results are 
presented in (table 2).

Table 2. – Effect of a carbamide-modified clay adsorbent on the dispersion of 
granular oilcake obtained from ordinary and low-grade cotton seeds

Name indicators 
cake

Indicators of cotton cake obtained from:
I–II grades in the content: III–IV grades in the content:

regular 
fuze 5%

with the addi-
tion of CMCA 

fuse 5%

with the addi-
tion of CMCA 

fuse 7.5%

regular 
fuze 5%

with the addi-
tion of CMCA 

fuse 5%

with the addi-
tion of CMCA 

fuse 7.5%
Pass through a 
1mm sieve,% 6.1 8.3 9.6 10.2 12.5 13.9

Granule size mm 12.7 11.5 10.6 14.4 14.0 13.6
Humidity% 6.9 6.5 6.1 7.9 7.2 6.8
Oil content,% 17.6 17.2 16.8 21.5 21.1 20.7

Discussion and Conclusion. Clay adsorbent 
modified with urea, of course, having entered the 
structure of the obtained granules, affects their me-
chanical strength and dispersibility. From the table.1 
it is seen that strong grinding of granules before ex-
traction is undesirable, since impenetrable layers of 
oilcake can form in the extractors, which do not al-
low obtaining meal with a residual oil content of less 
than 1.0%. In addition, strong grinding of the cake 
contributes to the deterioration of the filterability of 
miscella on disk filters.

From (table 2) it can be seen that with the addi-
tion of 5–7.5% of the mass of the fuse with CMCA, 
the passage through a 1 mm sieve changes from 8.3 to 
9.6% when processing I–II varieties of cotton seeds, 
and for III–IV varieties this the indicator varies from 
12.5 to 13.9%. Moreover, when 5% of the usual fuse 
is added to the mint from the I–II variety of cotton 
seeds, the passage through the 1 mm sieve is equal 
to 6.1%, and for III–IV varieties – 10.2%. With an 
increase in the amount of CMCA introduced, the 
granule size for a mixture of I–II varieties of cotton 
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seeds decreases from 11.5 to 10.6 mm, and for a mix-
ture of III–IV varieties from 14.0 to 13.6 mm.

At the same time, adding ordinary fusa to the 
peppermint makes it possible to obtain cake granules 
from I–II varieties of cotton seeds 12.7 mm, and from 
III–IV varieties – 14.4 mm. This can be explained by 
the fact that the addition of CMCA positively affects 
the dispersibility of the obtained pellets of cake from 
a mixture of I–II varieties and from a mixture of III–
IV varieties of cotton seeds.

It should be noted here that cake and meal con-
taining clay urea modified adsorbent according to 

the requirements of animal husbandry, poultry 
farming and fish farming are not harmful substanc-
es and therefore can be used for feeding them in 
certain doses. Thus, this study allows us to argue 
that the use of a clay-modified adsorbent modified 
with urea does not reduce the quality of the ob-
tained pellets of cake from various varieties of cot-
ton seeds. On the contrary, this makes it possible 
to enrich the granules of oilcake and, ultimately, 
meal, mineral elements necessary for animal nutri-
tion, triacylglycerides, provitamins (carationides, 
tocopherols) A and E.
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Abstract. The article proposes a new approach to the monetary assessment of the damage caused 
to the environment by recyclable road transport waste. The proposed assessment method is based on 
the consideration of the waste collection coefficient, all types of irrecoverable losses and the amount 
of required compensatory release of materials. Based on a survey among motor vehicle owners, it was 
stated that the collection coefficient of solid waste is about 50%, while the collection coefficient of 
operating fluids does not exceed 32%. In this regard, the major share of the damage to the environ-
ment falls on liquid waste. The damage from recycled vehicle waste on the scale of the city of Tashkent 
calculated by authors is 379,073 million soum/year.

Keywords: automobile waste, recyclable waste, compensation release, total damage, damage as-
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The aim of this article is to study the damage 
caused by recyclable waste from road transport to 
the environment, taking into account the coefficient 
of their collection and irrecoverable losses.

Automotive transport is a constant source of 
consumption waste, which is hazardous or harmful 
to the environment. Given the constant and inten-
sive growth of motorization in Uzbekistan in recent 
years, it can be argued that the volume of waste ac-

cumulation is becoming threatening. Indeed, if in 
2018 the level of motorization was 83 cars per 1000 
inhabitants, then by 2025 “Uzavtosanoat” plans to 
reach the level of 237 cars per 1,000 people [1]. At 
the same time, the speed of organizing the collection 
and recycling of used cars lags behind the speed of 
production and sales of vehicles.

Road transport waste is divided into recyclable 
and non-recyclable waste. The first group of waste 
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includes metal, glass, rubber and used operating 
fluids. The second group includes waste gases and 
particulate emissions, land damage.

The harm caused by the processed waste to the en-
vironment depends on the degree of their collection 
and the organization of their processing. We attempt-
ed to estimate the amount of damage on the scale of 
the city of Tashkent. As the initial data, we took the 
total number of vehicles in Tashkent – 494.4 thousand 
pcs (this figure consists of data on registered vehicles 
belonging to individuals – 417 646 pcs [2] and cars 
belonging to legal entities [3]). At present, a complete 
assessment of the damage from road transport waste 
in Uzbekistan is not conducted. The existing method 
of calculating compensation payments for environ-
mental pollution and waste disposal on the territory 
of Uzbekistan does not take into account a number of 
harmful substances, and some stages of the life cycle 
of recycled road transport waste.

Therefore, in the present work, the authors pro-
posed to assess the damage from various vehicle 
waste taking into account these factors, and the co-
efficient of waste collection and disposal. To assess 
the state of collection and disposal of road transport 
waste, a survey was conducted among vehicle own-
ers and car service centers workers [3].

Based on the survey results, it was possible to ap-
proximately determine the share of waste received 
for processing, and the share of irrecoverable losses. 
Wastes that fall into the category of irrecoverable 
losses require a compensatory release of the material.

Metals (ferrous, copper, aluminum). Accord-
ing to [3] the coefficient of collection waste is Кcol = 
0.523, including 0.308 – the share of the waste deliv-
ered by car owners; 0.215 – the share of the waste left 
in car-care centers. It should be noted that this index 
of the collection coefficient is obviously somewhat 
overestimated since the movement of the waste left 
in the car service centers is not exactly known.

Lead. Lead is a part of accumulator batteries 
(ACC). The collection coefficient is Kcol = 0.488, of 
which the share of ACC handed over by car owners to 

processing plants is 0.318, and the share of ACC left in 
the car service centers is 0.17. About 25% of lead waste 
gets into the garbage (in solid waste landfills), i. e., lead 
damages land and water resources as lead compounds 
enter water bodies with rain-storm runoff.

Ethylene glycol. This substance is the main 
component of the antifreeze. Ethylene glycol is 
almost completely discharged into the sewer. This 
type of waste harms water bodies and atmospheric 
air in the process of ethylene glycol production 
from fossil raw materials.

Electrolyte. The electrolyte (Н₂SО4), as well as 
lead, gets to the solid waste landfills and thus harms 
water bodies and atmospheric air in the process of acid 
production instead of turned into waste. Currently, the 
ACC acceptance for recycling is being established.

Oil. About 32% of the used oil is discharged to 
the ground or to the sewer. Therefore, this share of 
the used oil is considered harmful to water bodies. 
The share of the waste oil handed over (2.8%), sold 
(7.8%) or left by car owners in the car service centers 
(48.8%), partly goes for processing, but is mainly 
used as fuel in private boiler houses. Therefore, it 
can be considered that atmospheric air is polluted 
with harmful substances released during the oil pro-
duction in an amount equal to that of the burned 
and drained into the sewage system, and during the 
uncontrolled oil combustion [4].

Tires. On average, 33.4% of used tires are discard-
ed, thus littering the ground. About 20.3% is handed 
over for processing, 15.9% is left in the workshops 
[3]. Some of them are restored, some are burned. 
Recycling consists mainly of chips production. In 
any case, the rubber of worn-out tires is practical-
ly never returned for the manufacture of new tires 
(in the near future the situation may change when 
the Angren Tire Plant goes into operation). Thus, 
atmospheric air is loaded with harmful substances 
during the processing of used tires and the produc-
tion of rubber for the manufacture of new tires.

The restoration consists in the recapping of worn 
tires. The stressing of atmospheric air occurs mainly 
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during rubber manufacturing. The tread weight is 
approximately 64% of the tire weight.

The calculation results are presented in (Table 1).

Table 1. – Amount of moved waste

Material Quan-tity 
t/year

For processing,
t/year (%)

Material loss * Compensatory 
release, t/yearLittering up the ter-

ritory t/year (%)
Ingress into 

soil t/year (%)
Ferrous metals 10487 5485 (52.3) 3471 (34.5) – 3618
Cu 311 163 (52.3) 107 (34.5) – 107
Al 683 357 (52.3) 236 (34.5) – 236
Pb 2544 1241 (48.8) 646 (25.4) – 646
Tires 5534 1123 (20.3) 1976 (35.7) – 1976
Ethylene glycol 946 - – 946 (100) 946
H2SO4 347 169 (48.8) – 88 (25.4) 88

Oil 3056 86 (2.8) – P**
1730 (56.6) –B – 978(32) 1730

* loss of material consists of its transport to the solid waste landfills, draining to the ground, storage in a garage, 
and the use other than intended

** P – processing; B – burning

Using the data on specific emission obtained by 
other researchers for various types of materials pro-
duction [5], we determine the amount of emission 

during waste processing and burning, and during the 
compensatory release of lost materials [5; 6; 7]. The 
results of the calculations are given in (Table 2).

Table 2. – The amount of harmful substances in waste movement (t/year)
Material Stage CO2 CO NOx SO2 CxHу Aerosols

Ferrous metals Processed 4168 473.9 8.8 1.6 – 2972
Comp.release 8830 5550 12.4 8.0 31 1973

Cu Processed 105 13 1.4 22 – 0.15
Comp.release 82 8.9 2.4 120 0.009 1.0

Аl Processed 157 1.4 2.1 11 0.01 0.21
Comp.release 399 3.5 5.3 28 0.04 0.9

Pb Processed 730 46 9.8 69 – 0.99
Comp.release 430 44 5.7 123 0.04 5.8

Tires Processed – – 0.2 8 9 –
Comp.release 9666 2775 775 492 58 6203

Ethylene glycol Processed – – – – – –
Comp.release 648 16 2.3 0.3 24 3.6

H2SO4

Processed – – – – – –
Comp.release 0.00087 – – 0.15 – –

Oil
Processed 32 0.7 0.1 1 0.4 0.17
Burning – 9 8 – 0.00007 17.3
Comp.release 20615 455 56 646 264 106

TOTAL: 45862 13662 890 1602 386 11283
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With given data, it is possible to proceed to the 
determination of the harmful effect caused to the 
environment by the automotive transport complex 
(ATC) recycled waste.

The harmful effect caused to the air by the 
processed waste

 Harm H Hair p p= +1 2  (1)
H1p is the harmful effect caused by recyclable 

waste during processing and compensatory release, 
determined by the following formula [8]

 �H CE f Mp air air1 = ´ ´ ´d ,  (2)
where Мair – is the regulatory constant that converts 
the conditional estimate of emission into monetary 
ones; c. u./c.t; CEair  = 1.6 c. u./c.t [8; 9];

f – is the correction that takes into account the 
pattern of impurities dispersion in the atmosphere; 
according to [8; 9] we take f = 2 for heterogeneous 
sources;

σ –is the index of atmospheric pollution hazard 
over various territories; taken as σ = 30 for industrial 
zones [8; 9];

Мair – is determined according to the data given 
in [5; 7].

H p1 1 6 30 2 0 09 13 662

3 24 890 2 1 602 0 02 386

30 1

= ´ ´ ´ ´ +

+ ´ + ´ + ´ +
+ ´

. ( . .

. . .

11 238 463 111

0 463

. ) . . . /

. ln. . . /

= =
=

c u year

m c u year
H2p – is the harmful effect from greenhouse gases 

(considering carbon dioxide and methane):

H H m H m

c u

p CO CO CH CH2 2 2 4 4

3 33 45 862 77 43 386

182 608

= ´ + ´ =

= ´ + ´ =
=

. . .

. . .. / . ln. . /year m c u year= 0 183
The values of mСО2 and mСН4 were taken accord-

ing to reference data given in [5; 7; 10].
So, the total amount of damage caused to the 

atmospheric air by recycled road transport waste is
Harmp = 0.463+0.183= 0.646 mln. c. u./year
The harmful effect caused to water bodies
 Harm b M Kwater water

water
water= ´ ´  (3)

where bwater is the specific damage index (pollution 
price) caused by a conventional tonne of the reduced 
mass of pollutants, c. u./c.t; bwater = 786 c. u./c.t [8; 9];

М water  – is the reduced mass of the contaminated 
substances discharge into water bodies

 М m nwat

i

k

i
wat

i= ´
=å 1

 (4)
where mi

water  is the mass of the actual discharge of the 
i-th polluting substance, t/year;

ni  – is the coefficient of relative environmental-
economic hazard for the i-th polluting substance;

Кwater – is the coefficient of the ecological situa-
tion and ecological significance of the water bodies 
state. For city conditions it is taken as Кwater = 2 [8; 9].

In determining М вод , we conventionally assume 
that oil, acid and ethylene glycol, drawn off into soil 
and the sewage system, contaminate only water bod-
ies, because with rain-storm runoffs they get into 
water bodies. Then
M m n m n m nwater oil H SO glyc glycoil H SO

= ´ + ´ + ´
2 4 2 4

 (5)
where the following data is taken:

Table 3. – Data table for calculation by formula (5)

Waste name Mass of discharged substance 
mi

water , t/year (accord. to Table 1)
Coefficient of ecological-eco-

nomic hazard ni  [6]
1 Oil 978 20
2 Electrolyte (H2SO4) 87 3.5
3 Ethylene glycol 946 3.5

Мwater= 978 × 20 + 87 × 3.5 + 946 × 3.5 = 
= 23176 c.t/year

Harmair= 786 × 23176 × 2 = 36432672 c.u./year 
= 36,4 mln. c. u./year

The harmful effect caused to land resources
 Harmland = Harmlit + Harmlandfill (6)

where Harmlit – is the harmful effect of littering the 
territory, c. u.;
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 Harm S Mlit pi i= å ´ ´25  [6] (7)
where Spi  – is the standard payment for land littering 
per 1t of waste of the i-th type, c. u./t.

If the waste is a secondary raw material, Spi = 0.75 
c. u./t [6] (all waste considered here are secondary 
raw materials).

The amount of waste littering the territory is

М = mfm + mСu + mAl + mPb + mtire = 
3471+103+226+636+1848=6284 t/year (8)

Harmlit = 0,75 × 6248 × 25=117825 c.u./year = 
= 0,118 mln. c.u/year

Total Harmland = 0,118 + 32,5 = 32,618 
mln c u

year
. .

The results of the calculations conducted to es-
timate the harmful effect from recyclable waste of 
automobiles are presented in (Table 4).

Table 4. – Damage caused to the environment by road transport waste, million USD/year
Components of the environment

Atmospheric air Water Ground
Harmful effect of recy-
clable waste 0.646 36.4 0.118

Total 37.2 
mln c u

year
. .

Thus, the total harmful effect caused by various re-
cyclable waste from vehicles to the environment on the 
scale of the city of Tashkent only amounts to 379,073 
million soum/year. This amount is due to the low col-
lection coefficient and the lack of proper organization 
of processing. From the results of the calculations, it 
can be seen that the major share of the harmful effect is 
caused to the water bodies due to the lack of a stream-
lined system for the disposal of some operating fluids.

In the authors’ opinion, the proposed methods 
can be used to determine the actual damage caused 

to the environment by waste from the automotive 
transport complex and to establish the penal fines 
sums for improper handling of waste. Tentative 
calculations showed that the implementation of 
the proposed methods will increase compensation 
payments for environmental pollution in compari-
son with the payment sums currently determined 
according to [11]. In addition, these methods can 
be used to calculate the economic efficiency of mea-
sures for the collection and disposal of road trans-
port waste.
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Abstract. In this work heterogenno-catalytical vinylation of m- and p- cresols with acetylene 
has been investigated and at this it was determined influence of such factors as quantity of catalyst, 
temperature and nature of cresols. KOH nunid on the beazer (activated coal) was used as catalyst.
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Vinylation of organical compounds containing hy-

drolytic group including phenol and it`s derivatives 
has been investigated by some authors [1; 2] This pro-
cess is carried out as a rule at high pressure [3; 4] and 
at this special conditions and equipment are necessary 
and also explanation-dangerous of acetylene has ham-
pered it`s practical realization. Catalytical reactions of 
phenol and it`s derivatives with acetylene were carried 
out principally in homogeneous conditions and prac-
tically don`t investigated [5; 6].

In this work heterogenno-catalytical vinylation 
of m- and p- cresols with acetylene has been investi-
gated and at this it was determined influence of such 
factors as quantity of catalyst, temperature and na-
ture of cresols. KOH nunid on the beazer (activated 
coal) was used as catalyst.

Preminary experiments have shown that at het 
heterogeneous catalytical vinylation of m- and p- 
cresols by acetylene their vinyl ethers have been 
formed according to following.

OH

CH3

CH3
+  HC CH 

KOH

OCH CH2

where: radical CH3 is in m- or p- positions in aromatical ring
With aim of determination of influence of 

content of KOH beared on activated coal the re-
action was carried out and at it`s concentration 
5–35 mass.% from mass cresol. Obtained results 

(table-1) have shown that with increasing of KOH 
content to 30 mass.% from mass of activated coal 
the yield of vinyl ethers was increased and than 
was decreased with further increasing of catalyst 
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concentration on earer. (Table 1). For example 
with increasing of content of KOH from 5.0 to 
30.0 mass.% and from 12,2 to 51,4 mass.% cor-
respondingly.

Table 1. – Influence of KOH content 
on bearer (activated coal) on yield of 

vinyl ethers of m- and p- cresols

Quantity of KOH on 
bearer mass%

Yield of vinyl 
ethers, mass%

Vinylation of m- cresol
5,0

10,0
15,0
20,0
25,0
30,0
35,0

20,0
35,0
42,0
50,0
54,2
58,2
58,0

Vinylation of p- cresol
5,0

10,0
15,0
20,0
25,0
30,0
35,0

12,2
25,0
34,2
43,4
48,6
51,4
50,6

It was shown that in all cases the yield of vinyl 
ether of m- cresol was hire in comparison with vinyl 
ether of p- cresol. This has proved that in reaction of 
catalytical vinylation by acetylene m- cresol is more 
active than p- cresol.

Determined optimal quantities of catalyst may be 
explain by factor that with increasing of it`s quantity 
on bearer the number of active centers on the bearer 
surface also increased, optimal of KOH on bearer is 
30 mass.%

Also influence of temperature in interval 200–
300 C on yield of vinyl ethers of cresols has been in-
vestigated and obtained at this results are presented 
on (fig. 1).

It is shown that with increasing of temperature 
yields of vinyl ethers of cresols also have increased 

and at this yield of vinyl ethers of m – cresol was hire 
in comparison with such of p-cresol. For example, 
with increasing temperature in interval 200–280oC 
yield of vinyl ether of m- cresol has increased from 
16,5 to 58,0 mass.% and in case of p- cresol from 12,0 
to 51,3 mass.%. Further increasing of temperature 
cause decreasing of yields of forming products: for 
example at 300oC yield of obtained ethers was 56,4 
and 50,4 mass.% correspondingly.
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Figure 1. Dependence vinyl of ethers of yields: 
m – cresol (a) and p – cresols(b) on temperature

Such reaction of catalytical vinylation of m- and 
p- cresols by acetylene has been investigated. It was 
shown that at this corresponded vinyl ethers were 
formed and in all cases yield of vinyl ether m- cresol 
was hire that such p- cresol. Also it was investigated 
mathematical modelation of vinylation of cresols 
with aim it`s optimization.

The offered method of obtain vinyl ethers of cre-
sols on the base of acetylene is differed by complica-
tion of stechiometry and heat exchangel phenom-
enous. For carrying out of mathematical modelation 
the yield of vinyl ethers of m-cresol was chosen as 
purpose function. Results by dependence of prod-
ucts yield on temperature and duration of reaction 
which were used as working functions are presented 
in (table 2).
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Table 2. – Results of carrying out experiments by vinylation of m- cresol

№ Temperature, оC Duration of reaction, h. Yield of vinyl ether of m-crezol,%
1.
2.
3.
4.
5.
6.
7.

85
110
110
85

110
140
140

4,0
4,0
6,0
4,0
4,0
4,0
6,0

0,0
3,0

35,0
34,0
43,0
30,0
28,0

Temperature and durational dependence of yield 
of vinyl ether of m- cresol have an extremal character 

what has proved rightness diapasons of experiments. 
Results of modelation are presented on (fig 2).

Figure 2. Iconagramma of mathematical modelation of m- cresol vinylation
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Abstract. The quantitative analysis of micro-and macroelements in the leaves of the plant Asarum 
europaeum L was carried out by inductively coupled plasma mass spectrometry (ICP-MS). The sum 
of flavonoids was investigated by spectrophotometric method. It was determined: that the most 
distributed macroelements are potassium, calcium and magnesium, while the most wide spread trace 
elements are manganese, barium and zinc. At the same time it was determined that on the intensity 
of elements accumulation in plant the place of in’s growth has influenced.
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At present time population has shown great at-

tention to medicines and biologically active sub-
stances obtained from natural plant raw materials. 
Despite the long period of using in folk and official 
medicine of domestic medicinal plants, their true 
potential is far from fully revealation. One of these 
medicinal plants is Asarum europaeum L.

Asarum europaeum L is a perennial herbaceous 
plant from the family Kirkazonaceae with a rather 
brownish, thick, recumbent stem (up to 30 cm long) 
covered with short pressed hairs and a creeping rhi-
zome. The plant has a peculiar smell. The leaves are 
simple, without stipules, long-stemmed, whole-edged, 
kidney-shaped (5–8 cm in diameter) with well-defined 
veins. The flowers are fleshy, small (about 1 cm), bisex-
ual, solitary, axillary, on short drooping pedicels, regu-
lar (actinomorphic), red-brown, usually formed at the 
ends of young spring shoots. The perianth is 3-mem-
bered, and has a peculiar lateral shape. It blooms in 
April and May and is found in botanical gardens [1–5].

Asarum europaeum is used in folk medicine as 
an emetic, expectorant, possezing with antibacterial, 

anti-inflammatory and antispasmodic effects. Infu-
sion of leaves is drunk at diseases from the stomach, 
liver, kidneys; decoction – at heart diseases, alcohol-
ism and poisoning by poisonous mushrooms, ner-
vous excitement, migraines, as a diuretic and dropsy, 
jaundice, malaria, eczema, epilepsy. Besides, a decoc-
tion of the roots with rhizomes of wild ginger is used 
as a diuretic for kidney disease. Especially effective 
is the decoction of underground organs on milk [6]. 
There are evidences that decoction of rhizomes has 
increased the amount of male seed. To enhance of 
sexual desire and potency, an infusion of rhizomes 
on grape syrup is used. The water infusion of the 
plant’s raw materials is drunked at diseases of the 
stomach, liver, and kidneys; the decoction is used at 
heart diseases, alcoholism and poisoning with poi-
sonous mushrooms (as an emetic), nervous excite-
ment, migraines, as a diuretic for dropsy, as well as 
for jaundice, malaria, eczema, and epilepsy [6].

In Uzbekistan this plant is called ungulate, adapt-
ed to the conditions of Uzbekistan, and is grown in 
the Tashkent Botanical Garden. In this study, the 
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chemical composition of the leaves of this plant was 
investigated.

The experimental part
Used reagents: multi-element standard on 29 el-

ements for MS standard-Hg (mercury), nitric acid 
(h / h), hydrogen peroxide (h / h), deionized water, 
argon (purity 99.995%).

As an object of research the leaves of European 
ungulate harvested after the end of fruiting in Uz-
bekistan (end of June 2020) were used. The raw 
material was dried to an air-dry state, was packed 
in double paper bags and has stored in a cool, dry 
place.

40% ethyl alcohol was used as extractant for ex-
tract ion the total sum of flavonoids from raw ma-
terials, which according to previous studies, along 
with 70% ethyl alcohol provides the greatest com-
pleteness of flavonoid extraction from the leaves of 
Asarum europaeum L. [3].

Used instruments and containers: ICP MS 
NAVISION-2000, mass spectrometer, microwave 

disintegrator (Germany) or similar autoclave Teflon 
measuring flasks.

Method of quantitative determination of the 
amount of flavonoids in the extract

1 ml (exact volume) of the extract is placed in 
measuring flask with capacity 25 ml, 3 ml of 2% alu-
minum chloride solution, one drop of diluted acetic 
acid, were added and the volume of the solution was 
by 95% ethanol to the mark. After 40 minutes the solu-
tion is filtered through paper filter. The optical density 
of the resulting solution is measured on a spectropho-
tometer at wavelength 400 nm in cuvette with a layer 
thickness 10 mm. As a comparison solution prepared 
in the same way but without addition of aluminum 
chloride, is used. In parallel the optical density of the 
rutin solution-standard sample prepared similarly to 
testing solution was measured. The concentration of 
rutin was determined by the optical density data.

The obtained data by the determination of fix-
ing of flavonoids content in extract are presented on 
(Fig. 1).

Figure 1. Dependence of optical density on length of wave

Significant variations of the sum of flavonoids are 
primarily caused by quality of the initial plant raw mate-
rials. On the base of obtained data of physico-chemical 
analysis and the results of pharmacological investiga-
tions the content of sum flavonoids in terms on rutin, 
which was normed and was not less than 0.060%.

Quantitative analysis of micro-and macroele-
ments in the leaves of the plant Asarum europaeum 
L.with using mass spectrometrw (ICP-MS) with 
inductively bonded plasma was carried out in the 
laboratory [5]. 0.05–0.5 g of plant were weighed 

on analytical scales and transferred to Teflon auto-
claves, after which they are filled with appropriate 
amount of concentrate mineral acids (nitric acid and 
hydrogen peroxide). The autoclaves were closed and 
placed in a microwave oven for decomposition. After 
decomposition the content in autoclaves are quanti-
tatively transferred in volumetric flasks on 50 or 100 
ml and the volume is adjusted to the mark by 0.5% 
nitric acid. Determination of the test substance is 
carried out on ISP MS devices or similar device of 
an optical emission spectrometer with inductively 
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coupled argon plasma. In the determination method 
the optimal wavelength of the determined micro or 

macroelements is indicated at which they have the 
maximum emission.

Table 1. – The content of elements in Asarum europaeum L.

Element Content, 
mcg/g Element Content, 

mcg/g Element Content, 
mcg/g

Macroelements Selenium (Se) 0.302 Rubidium (Rb) 5.088
Potassium (К) 41526,479 Titanium (Ti) 23.083 Strontium (Sr) 141.038
Calcium (Ca) 28936,645 Vanadium (V) 2.049 Zirconium (Zr) 1.280
Silicon (Si) 259,275 Chromium (Cr) 4.909 Niobium (Nb) 0.079
Magnesium (Mg) 4647,475 Manganese (Mn) 35.618 Molybdenum (Mo) 0.801
Sodium (Na) 593,325 Iron (Fe) 1593.820 Silver (Ag) 3.369
Phosphorus (P) 1439,850 Cobalt (Co) 0.631 Cadmium (Cd) 0.108
Micro and ultramicroelements Nickel (Ni) 2.690 Tin (Sn) 0.574
Lithium (Li) 3,176 Copper (Cu) 8.636 Indium (In) 0.003
Beryllium (Be) 0,108 Zinc (Zn) 38.112 Antimony (Sb) 0.167
Boron (B) 16,901 Gallium (Ga) 3.931 Cesium (Cs) 0.123
Aluminum (Al) 917,141 Germanium (Ge) 0.016 Barium (Ba) 155.165
Sulfur (S) 10.373 Arsenic (As) 0.693 Tantalum (Ta) 0.024
Tungsten (W) 0.013 Rhenium (Re) 0.013 Mercury (Hg) 0.263
Thallium (Tl) 0.024 Lead (Pb) 5.726 Bismuth (Bi) 0.058
Uranium (U) 0.052

On the base of data presented in the table it is 
shown that macro -, micro – and ultramicroelements 
were found in the leaves of Asarum europaeum L., 
which can be presented in the following rows by the 
content decreasing: macroelements-K > Ca > Mg > >P 
> Na > Si; micro and ultra-microelements-Fe > Al > 
>Ba > Sr > S > Cu > Pb > Rb > Cr > Ga > Ag > Si > 
>Ni > V > Zn > Mo > As > Co > Sn > Se > Hg > Cs > 
>Cd = Be > Nb > Bi > U > Ta = Tl = Ge > Re = W > In.

Among the macroelements the most contents 
are atributelto potassium, calcium, and magne-
sium; among the trace elements – manganese, bar-
ium, zinc. In concentrations from 1 to 10 mcg/g, 

B, S, Li, Pb, Rb, Cu, Cr were determined; below 1 
(within 0.1180–0.9700 mcg/g) – Be, Co, Cs, As, 
Sb; below 0.1 (0.0190–0.0760 mcg/g) – Tl, W, U, 
Re, Ge, Bi; below 0.01 (0.001–0.091 mcg/g) – con-
tain Ag and W.

Such it was determined that place of growth of 
the plant has intensity influenced on of accumula-
tion of elements. It was determined that leaves of the 
plant Asarum Europaeum L contain macroelements-
potassium, calcium, and magnesium; from micro-
and ultramicroelements in its composition there are 
iron, aluminum, strontium, zinc and manganese in 
large quantities.
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Abstract. The article is devoted to the study of the properties of ceramic brick waste as a technogenic 
mineral raw material for reuse in the production of wall materials. The urgency of solving this problem is 
due, on the one hand, to environmental problems of reducing the resource intensity of wall materials, on 
the other hand, to the problems of socio-economic development of the region. Possibility of obtaining 
clinker. a loess-like loam brick was created. To improve the forming properties of the ceramic mass, a 
method has been developed for producing a mechanically activated binder from a starting material. It 
has been proven that when it is introduced into the composition of the ceramic mass, the properties of 
semi-finished products improve. Polished slag of ceramic bricks is offered as a thinner for ceramic mass. 
It has been established that its introduction into the composition of the brick mass leads to a decrease 
in the shrinkage of the samples. the optimal amount is determined (15%).
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The Gorenje wall materials of ancient Khiva are 

ceramic bricks obtained by firing loess-like loams, 
while the firing was carried out in a reducing envi-
ronment, where the heat source was the heat released 
from the burning of various firewood, herbs, and 
shrubs. In recent years, under the influence of natural 
forces, the processes of destruction of several histori-

cal world heritage sites [1], as well as monuments 
of ancient Khiva, have been activated, as reported 
in our early works. Restoration and preservation 
of historical monuments, preserving its primitive 
appearance, is one of the most important tasks. In 
this regard, we set a goal to study the world expe-
rience and develop on their basis the principles of 
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production of chemically resistant and mechanically 
strong materials for restoration.

The production of ceramic bricks in the Republic 
of Uzbekistan is accompanied by the formation of 
industrial waste, the issue of disposal of which is still 
an unsolved problem. These wastes include ceramic 
bricks and slags, the amount of which varies between 
10–15% and 8–12%, respectively. Until now, they are 
mostly taken to landfills of solid household waste or 
put in special designated places. At the same time, 
not only the volume of landfills increases signifi-
cantly, but also the mineral raw materials, whose re-
sources are limited in the conditions of the Khorezm 
region, are irretrievably lost. This work is devoted to 
the study of the properties of waste ceramic bricks 
as technogenic mineral raw materials for reuse in the 
production of wall materials. The urgency of solving 
this problem is caused, on the one hand, by environ-
mental problems of reducing the resource intensity 
of wall materials, on the other – by issues of socio-
economic development of the region [1].

Many works are devoted to the study of the prop-
erties of ceramic bricks produced from mineral and 
man-made raw materials used in architectural mon-
uments. In [2], a specially developed experimental 
setup is proposed for simultaneous and reliable mon-
itoring of humidity, salts, and spontaneous electrical 
polarization in stone walls, based on the joint use of 
permanent sampling points and electrodes.

The results of testing the mass moisture content 
in salted baked solid clay bricks by non-destructive 
dielectric, resistive, and microwave methods are 
presented. [3] several groups of bricks were Tested, 
which were aged in aqueous nitrate, chloride, and 
sulfate media with different ion contents, and in salt-
free water (as a reference), respectively. It is shown 
that the mineralization of bricks significantly affects 
the readings of the dielectric meter and the resistance 
meter, and this effect is similar for different salt con-
centrations, which leads to a significant overestima-
tion of the calculated humidity relative to the actual 
humidity.

The paper [4] presents preliminary experimen-
tal studies conducted on samples of masonry from 
baked clay bricks and cement mortar joints to assess 
structural damage caused by salts. For this purpose, 
the samples were subjected to specially developed 
accelerated weathering procedures of various dura-
tions in solutions of sodium chloride and sodium 
sulfate (the most common salts in brickwork). Then, 
using a special experimental test, the shear behavior 
of artificially damaged masonry samples was studied.

Another source [5] reports the reuse of spent 
bricks by alkaline activation in a new geopolymer 
brick. The influence of the inclusion of crushed 
granulate of blast furnace slag, the molarity of so-
dium hydroxide (NaOH), and the ratio of silicate-
sodium hydroxide (Na2SiO3/NaOH) on the me-
chanical properties of the final product is studied. 
The production of geopolymer bricks was carried 
out by mixing brick battle, crushed granulate of blast 
furnace slag, sand with a solution of sodium hydrox-
ide and silicate. Samples were prepared according 
to various recipes. The obtained optimal compres-
sive strength is 89.91 MPa with a blast furnace slag/
bricklaying ratio of 80/20, molarity of 8 m NaOH, 
and a silicate/hydroxide ratio of 2/1.

The authors constructed a mathematical model of 
the kinetics of phase transformations of salts in pores in 
combination with a program for modeling the transfer 
of heat, moisture, and salts in capillary-porous materi-
als. This unique equation describes the kinetics of all 
five-phase transformations (hydration, dehydration, 
deliquescence, crystallization, and dissolution) [6].

Sources [7] report that in old buildings, increased 
humidity in walls that are in direct contact with the 
ground leads to migration of soluble salts, which are 
responsible for many of the observed pathologies. The 
authors concluded that the most effective way to han-
dle rising dampness is to ventilate the base of the wall.

The paper [8] analyzed the state of historical 
brick buildings in Poland and concluded that most 
of them are in poor technological condition due to 
lack of proper insulation from moisture and water, 
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so they need immediate reconstruction. The article 
describes some selected problems that arose during 
the design and manufacture of wet insulation in two 
huge historical priceless Baroque buildings located 
near the Odra hive in wrocław, namely the main 
building of the University of wrocław and the build-
ing of the National Institute of Ossolinski in wrocław.

The phenomenon of increasing humidity with 
a discussion of the controlling mechanisms and 
contributing factors, such as capillary effect, water 
absorption, evaporation, and salt formation. As dis-
cussed in [9] it also presents the results of a study 
on increasing humidity based on a practical annual 
test. Measurements were made on rising dampness 
on walls made of various solutions, and observations 
were compared with theoretical models. It was found 
that the characteristics of the solution will signifi-
cantly affect the height of the moisture rise. It was 
also noted that there is a strong correlation between 
humidity growth and the sharp front model, and the 
rate of water absorption in solution was a key fac-
tor in determining the height of the rising wet front. 
Also, walls with ascending wet treatment are warmer 
than their control counterparts due to a reduction in 
the surface humidity of evaporative cooling.

X-ray phase analysis is the main method of diag-
nosing clay minerals. Compared with other minerals, 
they have significantly larger interplane distances, 
especially along with one of the crystallographic 
directions – the C-axis. To register large interplane 
distances, a survey is carried out in the area of small 
angles, since it follows from the Wulf-Bragg formu-
la that the larger the value of d/n, the smaller the 
reflection angle θ. Identification of clay minerals is 
made mainly by reflections from the so-called basal 
planes, which have indices 001. Many clay minerals 
give a similar set of reflexes on radiographs. To cor-
rectly identify them, a system of treatments is used: 
saturation of mineral aggregates with organic liquids 
(glycerin or ethylene glycol), calcination at different 
temperatures, saturation with various cations. Since 
the crystal lattices of various clay minerals react dif-

ferently to these treatments, this technique allows 
for a more accurate diagnosis of the minerals in the 
mixture. Minerals of the montmorillonite group give 
different x-ray reflections in the air-dry state and after 
processing the sample with organic liquids. In mag-
nesian and aluminum chlorites, all reflections remain 
unchanged after calcination. Mixed-layer minerals 
are alternating layers of different types in the normal 
direction to these layers (for example, illite-mont-
morillonite, chlorite-vermiculite, etc.). the Study 
and identification of this group of clay minerals are 
carried out only by basal reflections. The interplane 
distances (d/n) and reflex intensities (I) depend on 
the type of components and the nature of layering.

The type of clay raw material determines its be-
havior in drying. The selected raw materials are 
highly sensitive to drying, which makes it necessary 
to select lean additives. From an economic point of 
viewотошителя, brick slag, which is formed when 
firing ordinary ceramic bricks, the volume of which 
reaches 10–15% of the output, is recommended as an 
otoshitel.

According to the studied data, the slag of ceramic 
bricks has a dark brown color, resulting in the melt-
ing of the low-melting part of the raw material and 
cools down in the form of stone. Density 1600–2100 
kg/m3, the mechanical strength of 20–30 kg/cm2. 
Until now, ceramic brick slag is not used in brick 
enterprises and is stored in factories. In the experi-
ments, a crushed slag fraction of 0.5–1 mm was used. 
The chemical composition of ceramic brick slag is 
as follows (in mass.%): SiO2–60,30; Al2O3–13,65; 
TiO2–0,49; Fe2O3–6,08; CaO- 13,05; MgО-3,24; 
Na2O-1,05; K2O-2,14.

The identification of samples was performed based 
on diffractograms, which were taken on XRD-6100 
(a computer-controlled XRD-6100 (Shimadzu, Ja-
pan). CuKα-radiation (β-filter, Ni, 1.54178 modes of 
current and voltage of the tube 30 mA, 30 kV) and a 
constant speed of rotation of the detector 4 deg/min in 
increments of 0.02 deg were used. (ω / 2θ-coupling), 
and the scanning angle varied from 4 to 80o.
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Figure 1. x-ray Phase images of ceramic brick slag
X-ray phase analysis of a sample of ceramic 

brick slag is shown in Fig. 1, indicating that its 
composition Andesin-49.4%, diopside-41.8%, 
Kinart-8.8%.

Experimental samples of bricks based on optimal 
compositions had the following indicators: water 
absorption of bricks-2,5–9.0%; предельmaximum 
compressive strength– 40–50 MPA; frost resis-
tance– 50–60 cycles; abrasion resistance– 0,45–0,52 
g /cm3; chemical resistance-9.7, 3–99, 0%. These char-
acteristics of the new composition of clinker bricks 
allowed us to suggest recommendations for their use 
in extreme climatic conditions and in areas charac-
terized by high salinity of the soil.

In the part devoted to the study of the binder 
extracted from the feedstock, data on the method 

of separating the binder are given – the liquefaction 
of loess loam followed by gravitational separation, 
the use of mechanical activation of the selected 
plastic part to improve its binding properties. The 
optimal content of crushed powder in the composi-
tion of the mass of ceramic bricks is 20–30 wt.%. 
at an increase of more than 30 wt. the compressive 
strength decreases below the normalized value and 
water absorption of the resulting samples increases, 
and when its content decreases by less than 10 wt.% 
there is no significant decrease in the thermal con-
ductivity coefficient. Products made from loess-like 
loam with an additive within the range of changes 
in the composition of the ceramic mass of the mass 
fraction of powder or ceramic bricks have sufficient 
color saturation and clarity of color tone.
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Thus, as a result of the experiment, the possibility 
of using the waste of ceramic bricks as an otoschitel 
is established. This man-made raw material is recom-
mended after appropriate grinding.

The possibility of obtaining clinker bricks from 
loess loam has been established. To improve the 
molding properties of the ceramic mass, a method 
for obtaining a mechanically activated binder from 
the feedstock has been developed. it is proved that 

with its introduction into the composition of the ce-
ramic mass, the molding properties of semi-finished 
products improve. отощителяGround slag of a ce-
ramic brick is offered as an otoschitel of a ceramic 
mass. It is established that its introduction into the 
composition of the brick mass leads to a decrease 
in the shrinkage value of samples. The optimal его 
amount of it (15%) has been determined.
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