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Abstract. The relevance of the development of theoretical and methodological tools for
constructing a fuzzy logical model for assessing soil salinity is due to the automation of the
formation of a base of fuzzy rules from a given set of certain conditions, checking the correctness
of the constructed rules with criteria for the adequacy of fuzzy models and creating algorithms and
programs using standard algorithms and software modules for solving fuzzy logic problems.
conclusion and decision-making based on the constructed models for assessing soil salinity.

1. Introduction
Currently, the total land area of the Republic of Uzbekistan is about 45 million hectares, irrigated
land - 4 million 331 thousand hectares, which is only 9.7% of the total land area. The assessment of soil
salinity to increase the productivity of biomass is topical. Nutrients in the soil that are obtained from crops
must be replenished [1].

If the concentration of salts in soils exceeds the limits of toxicity - 3-5 g/, such soils are classified as
saline soils.

When evaluating soils by suitability, soil classification by salinity is used, which takes into account the
salt tolerance of plants [2].

Problems faced by specialists in solving classification problems [3-7]:

lack of relevant information in real time;

lack of databases of documented information and, as a result, the absence of an automated decision
support system;

lack of knowledge bases and rule bases for solving classification problems;

lack of integrated software systems.

The most common methods for solving classification problems are: Mamdani, Tsukamoto, Larsen,
Takagi-Sugeno. Below is a comparative analysis of fuzzy models [8-17]:

In our study, the Mamdani model [9] was used.

2. Methods and models
The problem of soil salinity assessment is considered, which is described by the Mamdani fuzzy logical
model [5]:
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Here: g, , term in conjunction-string jp ( jp = E ).

An algorithm for the problem of estimating soil salinity has been developed.
1. Fuzzification. Membership function a, , choose as follows:
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2. Fuzzy output:

3. Composition:

H, (x,,xz,...,xn)zmax{wjp min| u . (x, )}},j =1,m.

4. Defuzzification by the centroid method.

A fuzzy logical model Mamdani for assessing soil salinity has been constructed.

Z /’l(a]/] )al/l Z /'l(allz )al/Z z Il"l(a]/g )allx
If | x, :’:lq—/\x2 =’:lq—/\.../\x8 :’:lq—
D ula) D ula) D u(al)
J=1 j=1 J=1

then y = non-saline soils.

Su@ya, Y ulal)al > ual)al
flo=B0 —  ax=T T ax=D
> ual) > ) > u(al)
Jj=1 Jj=1 Jj=1

then y = The degree of soil salinity is weak.

D ual)al D ulal,)al, D ulay)ai,
_ =l j=1 j=1

If|x,=————AX,=—F——— A AX, ="
D u(al) D u(al,) D u(al)
Jj=1 j=1 =1

then y = degree of salinity of the soil is average.
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then y = The degree of salinity of the soil is strong.

g g g
2 mal)a, 2 mas)a, > mal)al
If|x, =t ——Ax, = ——— A Ax, =
D ulal) D u(al) D ulal)
Jj=1 Jj=1 J=1
then y = The degree of soil salinity is very strong.

Here:
x, - acidity index of neutral salinity;

x, - total amount of salts at chloride, sulfate-chloride salinization; soils according to the ratio of ions,
mmol (eq)/100 g of soil;

x, - total amount of salts during chloride-sulphate salinization of soils according to the ratio of ions,

mmol (eq) / 100 g of soil;

x, - total amount of salts during sulfate salinization of soils according to the ratio of ions, mmol (eq) /
100 g of soil;

x, - acidity index of alkaline salinity;

x, - total amount of salts during soda and soda-chloride salinization of soils according to the ratio of
ions, mmol (eq) / 100 g of soil;

x, - total amount of salts during sulphate-non-soda and soda-sulphate salinization of soils according to
the ratio of ions, mmol (eq) / 100 g of soil;

x, - total amount of salts during sulphate-chloride-carbonate salinization of soils according to the ratio

of ions, mmol (eq) / 100 g of soil.

In classification problems, task parameters depend on many factors that are difficult to take into account
in the model. The introduction of these dependencies into the model significantly complicates it and
increases the dimension of the problem, and "refinement of the model in this way in practice will come to
naught due to the impossibility of measuring or measuring with sufficient accuracy the values of the
factors introduced into the model" . That is, for model parameters, it would be more natural to specify an
interval of possible values or a membership function.

Approximation of membership functions and fuzzy relations is based on the choice among the
membership functions that are consistent with a given ratio, the one that best approximates the presented
membership function.

Most of the work on the problem of constructing membership functions is related to the methods of
processing expert data and the results of a survey of specialists. The method makes it possible to include
some subjective restrictions into the system restrictions, which may be caused by the fact that a person has
a number of informal information about the system in natural language.

For example, the statement "The acidity index of neutral salinity must be less than 0.8" can be

represented as follows:
» 1, a, <8.5,
a)= _
Hlan) ([L+(a, -85T)", a,>85.

"The total amount of salts during chloride, sulfate-chloride salinization of soils in terms of the ratio of
ions, mmol (eq) / 100 g of soil should be less than 0.1" can be represented as follows:
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0.001

"The total amount of salts during chloride-sulfate salinization of soils in terms of the ratio of ions,
mmol (eq) / 100 g of soil should be less than 0.2" can be represented as follows:

1 a,<0.2,

13 —
u(ag) = {H (a, -0.2)’

, a,>0.2.
0.004

The statement "The acidity index of the alkaline salinity must be greater than 0.8" can be expressed as
follows:

-1 -1
| clas =83 | g
p(al) = 0.9 ”

0, a, <8.5.

The statement "The total amount of salts in the case of soda and soda-chloride salinization of soils in
terms of the ratio of ions, mmol (eq) / 100 g of soil should be close to 0.15" can be represented as follows:

(a,, —0.15)’ T

)=|1+
p(ay) [ 0.002

The statement "The total amount of salts during sulphate-non-soda and soda-sulphate salinization of
soils in terms of the ratio of ions, mmol (eq) / 100 g of soil should be close to 0.2" can be represented as
follows:

(a27 — 0'2)2 :|l

y=|1+
u(ay;) { 0,004

Using the membership function, you can adequately reflect the opinion of one or more experts. This is
due to the inability of a person to formulate his quantitative impression as a single number.

3. Result
Results of classification according to the Mamdani fuzzy logical model are obtained and a comparative
analysis is carried out.

Table 1. Accuracy of the results calculated using the Mamdani neuro-fuzzy model (%).

Number of terms

Ne Value of o 3 5 7 9
1 0.10 93.75 93.75 93.75 97.92
2 0.20 93.75 93.75 93.75 97.92
3 0.30 91.67 93.75 93.75 97.92
4 0.40 89.58 93.75 93.75 97.92
5 0.50 87.50 93.75 93.75 97.92
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6 0.60 87.50 93.75 93.75 97.92
7 0.70 87.50 93.75 93.75 97.92
8 0.80 87.50 93.75 93.75 97.92
9 0.90 87.50 93.75 91.67 97.92
10 1.00 87.50 93.75 91.67 97.92
93.75 93.75 93.75 97.92

According to the predicted results, the area of saline lands in 2022 will be 1884 thousand hectares, in
2025 there will be 1810 thousand hectares.

4. Conclusion

A model for assessing soil salinity using the Mamdani fuzzy logic apparatus has been developed, and the
possibility of obtaining quantitative estimates in a fuzzy model has been shown. The algorithm works on
the "black box" principle. The input receives quantitative and qualitative values in a linguistic form, the
output is in the form of a term as the degree of soil salinity is weak, the degree of soil salinity is medium.
When building a model, the apparatus of fuzzy logic and the theory of fuzzy sets are used. This points to
the advantage of using fuzzy systems. It is possible to manipulate linguistic data using fuzzy inference

systems.
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