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PROCESSES

The purpose of the article is to analyze the course of socio-economic processes in Ukraine over the past eight years to
make recommendations for improving their management policy. The complexity of the task was that the development of the
studied processes is characterized by not one but several primary factors, the simultaneous analysis of which is not a trivial task.
Among these factors are not only quantitative but also qualitative indicators, which makes our task poorly structured.

In the analysis were used statistical and expert data that characterize socio-economic processes. This made it possible to
consider the Russian military aggression against Ukraine and the situation with COVID-19 when making calculations. The use of
qualitative information in the analysis makes it impossible to use methods of multidimensional statistics. To perform this task, it is
proposed to use the theory of fuzzy logic and fuzzy sets. To describe the linguistic terms of fuzzy sets are used trapezoidal
membership functions, the parameters of which are determined by experts. The constructed model of approximation of a nonlinear
object with linguistic expressions allows finding the desired result faster and easier in comparison with the classical procedure of
similar calculations.

Using the considered approach in the article the tendencies of the development of social and economic processes in
Ukraine from 2013 to 2020 are analyzed. The result of the calculations is the value of the generalized indicator, the value of which
characterizes the level of development of socio-economic processes in the year. The obtained calculations showed that the value of
this indicator was the highest in 2013. Over the next two years, this figure decreased and then began to grow slowly. The increase
lasted until 2019, and in 2020 the value decreased again. However, in none of the years, 2014-2020 did the figure reach 2013. In
our opinion, the main reason for the decrease in the level of development of socio-economic processes in 2014 and 2015 was
Russia’s annexation of the Autonomous Republic of Crimea and the war in eastern Ukraine, and in 2020 - the effects of the COVID-
19 pandemic.

Keywords: socio-economic processes, fuzzy set, linguistic variable, trapezoidal membership function, qualitative indicator,
generalized indicator.

Bacuis [IPUMMAK, Caitnana [IPUMIMA, Onsra TOJIYBHUK

JIbBiBCHKMIA HALIOHATBHHUIT YHIBEPCHTET

HEYITKI TEXHOJOTTI B VIIPABJTHHI COLIAJILHO-EKOHOMIYHUMHA
MPOIECAMM

MeToro cTaTTi 6y/10 BUKOHAHHS aHani3y rnepebiry coliasibHO-eKOHOMIYHUX IPOLECIB B YKpaiHi MpoTSIroM OCTaHHIX BOCbMU
POKIB [/151 BUPOOGJIEHHS DEKOMEHAAUIN LYOAO y/AOCKOHANICHHS OJIITUKU YIIPaB/iiHHS HumMu. CKAGAHICTb MOCTBIEHOMO 3aBAAHHS
110/19ra/1a Y TOMY, O PO3BUTOK LAOC/TIKYBAHUX MPOLECIB XaPaKTEPUIYETLCS HE OAHUM, a AEKI/IbKOMA MEPBUHHUMN YUHHUKaMY,
OfHOYACHWH aHAa/N3 SKUX HE € TPUBIA/IbHUM 3aBAAHHAM. Cepes LMX YMHHUKIB € HE TiIbKU KIIbKICH], a ¥ SKICHI MOKa3HUKY, O
po6UTH Hally 3a4aqy c1a60CTPYKTYPOBAHOL.

Y po6oTi npu BUKOHAaHHI aHamizy 6ysi0 BUKOPUCTAHO CTaTUCTUYHI M EKCIIEPTHI AaHI, SKI XapaKTEpU3YIOTb COLia/IbHO-
EKOHOMIYHI ripouecy. Lje fano 3mMory rpu rPOBEAEHHI PO3PaxyHKIB ypaxyBatv pPOCIUCHKY BIMICbKOBY arpecito npotv YKpainu i
cutyayiro 3 COVID-19. BukopucTaHHs SIKICHOI iH@OpMaLii ripy rpOBEAEHHI aHani3y YHEMOXI/MBIIIOE 33CTOCYBAaHHS METO4IB
6aratoBUMIPHOI CTaTUCTUKN. [I/159 BUKOHAHHS LUbOro 3aBAAHHS MPOIMOHYETLCS BUKOPUCTOBYBATU TEOPIO HEYITKOI SI0riku | HEYITKUX
MHOXWH. /19 0nucy JIIHIBICTUYHUX TEPMIB HEYITKUX MHOXWH 3aripOriOHOBAaHO CKOPUCTATHUCS TPANELIENogioHnmu @yHKUismm
HA/IEXHOCT], NapamMeTpu SKuX BHU3HAYEHI excriepTamu. [106y40BaHa MOAENL arPOKCUMALT HE/IHIMHOIO O6'€KTa 3 JIHIBICTUYHUMM
BUC/IOB/IIOBaHHSIMU [O3BOJISIE LUBUALIE Ta JIEMUE 3HAUTU MOTPIOHMY pe3y/ibTaT MOPIBHAHO 3 K/IACUYHOK TMPOLERYPOIO T04IOHNX
O06YUCTIEHS.

BUKOPUCTOBYIOYN POII/ISHYTMH MIAXIA Y CTaTTi POaHani30BaHO TEHAEHLT PO3BUTKY COLIialbHO-EKOHOMIYHUX TPOLECIB B
Ykpairi npotsrom 2013-2020 pokis. Pe3y/ibTaTOM BUKOHAHUX PO3PAXYHKIB € 3HAYEHHS Y3ara/lbHEHOIO MOKa3HMUKa, BE/INYNHE SKOMO
XapaKkTePU3YE PIBEHb PO3BUTKY COLIA/IbHO-EKOHOMIYHMX POLECIB Y BiAnoBIAHOMY poui. OTpUMAaHi po3paxyHku okazam, Lo
BE/MYMHA LbOIO MOKa3HWKa By/ia HavbinbLuow y 2013 pouji. B HACTYIHUX ABOX POKaX LSl BE/MYMHA 3MEHLLYBA/Iack, a Aasl rnodyana
M0BIIbHO 3pocTarty. 36i/bLueHHs BiabyBanock ax 4o 2019 poky, a B 2020 p. Be/mynHa MOKa3HUKa 3HOBY 3meHLwuacsa. llpore B
xogHomy 3 2014-2020 poKiB MOKa3HUK HE [OCAr BemynHu, ska 6yna y 2013 poui. Ha Hawy AyMKY, FO/IOBHOK PUYNHOKO
3MEHLLIEHHST BE/MYMHN PIBHSI PO3BUTKY COLIIA/IBHO-EKOHOMIYHMUX ripoyeciB y 2014 i 2015 pokax b6ysna aHeKkcis Pocielo ABTOHOMHOI
pecriy6riku Kpum i BiviHa Ha cxodi Ykpaium, a B 2020 p. — Hacrigkv nangemii COVID-18.

Kto4oBi C/10Ba.  CoLlia/ibHO-EKOHOMIYHI POLECH, HEYITKa MHOXWHE, JIHMBICTUYHE 3MiHHE, TParnewienogiona @yHKYis
HAlNEXHOCT], SIKICHIV MOKa3HWK, Y3ara/ibHEHH MOKa3HMK.

Introduction

The development of the world economy is constantly accompanied by a contradiction between its
capitalization and socialization. Earlier, the economy's capitalization won in this contradiction, the transformation of
an arbitrary resource into capital. Currently, the priorities have changed. There is an awareness that the increase of
capital is impossible without the economy's socialization and humanization. The goal of economic progress, its basic
capital, is man. Instead of saving on people, they are looking for ways to invest in it, to develop it comprehensively.
Investments in people pay off quickly and are effective in accelerating economic development. The formation and
development of human capital are impossible without its involvement in production. This indicates the
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interdependence and intertwining of social and economic processes. Therefore, they need to be studied together,
which indicates the relevance of research to assess the development of socio-economic processes.

It is necessary to study the development of socio-economic processes in order to develop an effective socio-
economic policy. It is not possible to make the right decision to manage a particular object or process without
precise information about it. The adopted management actions will achieve the goal in the case of available
information about the reaction of the system to previous management actions. This once again confirms the
relevance of the procedure for analyzing the development of socio-economic processes.

Assessing the development of socio-economic processes is associated with certain difficulties. The first
thing to emphasize is that the development of socio-economic processes is characterized not by one but by several
primary factors, the simultaneous analysis of which is not a trivial task. The second thing that complicates the
analysis - among the factors could be not only quantitative but also qualitative indicators. In the case of only
quantitative primary factors, the procedure is simplified. Then you can use the methods and algorithms of
multidimensional statistics to perform the analysis. Depending on the task, you can organize the studied processes
according to the level of their development by time or region, find the best or worst of them or perform their
clustering. A sufficient number of statistical methods and software products have been developed to date to
implement these procedures.

The considered task is sharply complicated in case of a choice for the analysis, as primary, at least one
qualitative indicator. Then the use of multidimensional statistics is impossible. We need to use fuzzy set theory,
which solves poorly structured problems present in our case.

In this paper, we have analyzed the development of socio-economic processes in Ukraine in recent years
using quantitative and qualitative indicators.

Related works

Several publications are devoted to the coverage of the results of scientific research on socio-economic
processes and their management. In particular, the scientific works [1]-[3] consider the mechanisms of public
management of these processes at the regional level. Works [4]-[5] investigated the socio-economic development
management issues, respectively, of the municipality and the united territorial communities. But the effectiveness of
management of socio-economic processes depends on accurate and reliable information about the state of these
processes and their response to previous management actions. Therefore, it is necessary periodically to diagnose
socio-economic processes and assess their condition. It is impossible to perform such an assessment with the help of
any one primary indicator, as several primary partial indicators characterize these processes.

It is possible to estimate the dynamics of socio-economic processes and their intensity by analyzing all such
primary partial indicators or to build on their basis one generalized integrated indicator and based on its value to
draw certain conclusions. For example, the results of a study of most international rankings and indices, as well as
some primary partial indicators of Ukraine's economy allowed the author of a scientific article [6] to develop certain
recommendations, the implementation of which will ensure stable socio-economic development in the country. In
[7], a comparative analysis of socio-economic processes in the regions of Poland used an algorithm for constructing
Hellwig’s taxonomic integral index. The extension of this method was used by the authors of scientific work [8] to
study education in the countries of the European Union.

However, in the specified scientific works for estimation of social and economic processes only
quantitative primary partial indicators and the method of multidimensional statistics are used. If high-quality
primary information is taken into account, it isn't possible to use this method. In this case, it is advisable to use the
methods of fuzzy set theory and fuzzy logic. This theory operates with so-called «soft» or otherwise «fuzzy» data
typical of many economic problems and control systems in general. These tasks are associated with the uncertainty
that cannot be accurately and unambiguously disclosed.

The fuzzy sets theory makes it possible to apply a linguistic description of weakly structured processes and
formalize linguistic variables in decision making information systems [9].

The fuzzy sets theory was developed and used by foreign and Ukrainian scientists [10]-[12] and many
others. The main concepts in this theory are the concept of fuzzy set and linguistic variable.

In more detail, a fuzzy set is defined as a set of pairs of the following type:

Y = {(x Juy(x)). x € X}, (1)

where Y is a fuzzy (blurred) set; X is the base scale or, in other words, the universal set; fy (x)is a
function of the membership of the set Y to the universal set X. This function can take values from the interval [0, 1]
and be discrete or continuous. It determines the subjective measure of the expert's confidence that a given specific
value of the base scale corresponds to a fuzzy set. It cannot be identified with probability, because the distribution
function is unknown, there is no repetition of experiments [10].

Thus, taking into account the study of socio-economic processes of qualitative primary indicators that
characterize these processes requires the use of fuzzy set theory elements. Thus, it is necessary to construct an
integral indicator in a multidimensional fuzzy statement. Scientists have developed a method of constructing such
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indicators, which generally characterize the studied processes. It is called a method of constructing a classical
«model of approximation of a nonlinear object according to linguistic statements». The specified model displays an
object with n inputs and one output:

y = fy(x1, %2, X)), @)

where V 1 X; (i =1,N ) — respectively, the output and input variables, which can be both quantitative
and qualitative. It is assumed that for quantitative variables, the domains of their change are known, and for
qualitative variables - sets of all their possible values.

This method of constructing a fuzzy model of the object of economic analysis has been developed in detail.
Scientists widely use it to make recommendations for decision-making in poorly structured situations in various
human activity areas. In short, its essence can be described as follows. The first stage of the considered technique,
called the fuzzification of variables, is to translate the primary data into a fuzzy format. At this stage, determine the
linguistic estimates of variables and necessary for their membership function's formalization. At the next stage,
using the available expert information, a matrix of knowledge is built, and on its basis - a base of fuzzy knowledge.
Here, if necessary, perform sampling of the continuous output y. Next, using this information, a system of logical
equations is derived, which is used to perform calculations of fuzzy initial values of y. The last stage of this
technique, called defuzzification of variables, is to convert the obtained initial values into a «clear» format. As a
result, we get the desired value of the generalized indicator, which characterizes the studied socio-economic
processes in a country or its region for a certain period of time, such as a year.

Despite the widespread use of this technique by scientists, its application is associated with significant
difficulties. The fact is that the procedure of building a knowledge base with a large enough sample of primary data
is quite time-consuming. This requires a significant amount of expert time. This complicates the use of this
technique to assess the development of socio-economic processes.

To solve this problem in qualitative primary indicators, you can also use a simplified method of calculating
the value of this integrated indicator [12]. This technique also consists of three steps: fuzzification of input data,
processing of the received information, and its defuzzification. Simultaneously, it is not necessary to develop a
knowledge base, and defuzzification is performed according to the approximate algorithm, which is convenient in
calculations. Therefore, to assess the development of socio-economic processes in Ukraine, we will use this
approach.

Research method
Suppose that to assess the development of socio-economic processes in Ukraine, we selected n primary

indicators X 1s X 25 e X n»> Which are sufficient for this study. The values of these indicators for a certain period of

time, such as a year, are denoted by X1,X3, ..., X,,. They can be quantitative, determined based on statistical data,
or qualitative, obtained from experts. The task is to determine the type of function.

Q = fo(X1, Xz, .., Xy), 3)

the value of which determines the level of development of the studied socio-economic processes in the
country. The larger the value of the function (3), the higher this level. Moreover, for a better structure of our
problem, we will look for this function in the normalized form (Q<[0,1])).

The set of states C of socio-economic processes is divided into several fuzzy subsets, which correspond to
certain development levels. To represent the membership functions of these subsets, we use trapezoidal numbers:

y = (by, by, by, by), 4

where numbers by, bs, b, by abscissas of the vertices of the trapezoid O4BC with coordinates O (bl, 0),
A(b,, 1), B(bs, 1), C(by, 0) in the Cartesian coordinate system (X, ).

The number of these subsets can be arbitrary. In our research, we will use five subsets of
Cq,C5, (5, Cy, C5. These subsets intersect. Each of these subsets means, respectively, low, satisfactory, medium,
good, and high level of socio-economic processes. Using the formula (4), the membership functions of these subsets
are given in the form:

6,(Q) =y, = (0.0;0,0;0,15; 0,25);
6,(Q) = v; = (0,15;0,25; 0,35; 0,45);
6:(Q) = v = (0,35;0,45; 0,55; 0,65); 5)
8,(Q) = v, = (0,55;0,65; 0,75; 0,85);
65 (Q) = ys = (0,75;0,85;1,0;1,0).
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To perform calculations, you need to choose the primary factors, the number of which should not be large,
but their total informativeness should be sufficient to reflect all aspects of the studied processes. At the same time, it
is possible to consider their priority. Besides, they should be divided into two groups. The first group is stimulators,
and the second - destimulators. The first of them include indicators, the increase in the value of which leads to an
increase in the level of development of processes. The second of these groups includes indicators, the increase in the
value of which leads to a decrease in the level of development of the studied processes.

Next, similarly to the initial indicator, it is necessary to determine the sets of states of each input indicator
X; (i =1, n) with the involvement of experts. That is, for each of these indicators, it is necessary to specify the
linguistic variable "The value of the indicator X" and its term set. Besides, you need to specify fuzzy subsets of the
domain of this indicator D(X;), as well as their membership functions.

These term sets may have different, or the same number of terms, and these terms may be different. For
simplicity, let's focus on random ones, where all term sets have five elements. Moreover, the terms have names: the

value of the indicator X; (i = 1, n)"very bad", "bad", "average", "good" and "very good".

Denote by D; (i =1,nj=1, 5) fuzzy set, which corresponds to the j-th term ( j=1, 5) of the
indicatorX; (i = 1,n). We determine the membership functions of these sets with the help of experts in the form
of trapezoidal numbers (4) so that they intersect for each X; (i = 1,n) Denote them by
L) =2;(i=Tnj=175)

At the first stage of calculations, ie at the stage of fuzzification of indicators X; (i = 1,n) for each of
them, you need to specify the trapezoidal numbers of these membership functions, and then the algorithms for
determining these functions themselves. It is possible to take into account the affiliation of each of these indicators
to the classification group of stimulators or destimulators at this or the next stage. Let's do this at this stage.

Let us illustrate the actions of the first stage of the considered approach on the example of the indicator-
destimulator X;, which we will call "Force majeure". This is a qualitative indicator determined expertly for each

period (year) of the study on a scale with a gradation from zero to ten points. The higher the number of points for
this indicator, the worse the corresponding socio-economic process. The survey of experts showed that the

membership functions 4; ( j=1, 5) of the corresponding fuzzy subsets D; ( j=1, 5) of this indicator have the
form:

Ay =(8,0;8,5;10,0; 10,0); A, = (6,0;6,5;80;85);
Az = (4,0;4,5;6,0;65); 4, =(2,0;25;40;45);
A5 = (0,0;0,0;2,0;2,5), (6)

The algorithm for calculating the corresponding terms and values of the membership function of fuzzy sets
of this indicator is given in the table. 1.

Table 1
Classification of values of the indicator-destimulator "Force majeure"
Clslication growp o | Deeee o arvned sonfiene
Force majeure circumstances 85 =K 4 =< 10 "Very bad" ';11 =1
(designation of the indicator) — 8 < K.L <85 "Very bad" '11 =7. (KJ. — 8)
X1, of the value — K'y) 8 <K, <85 "Bad® 1,=1-1,
65<K, =8 "Bad" =1
6<K; <65 "Bad" .12=2'(Kl—6)
6 <K, <65 "Average" Ay =1—1,
45<K <6 "Average" Az =1
4 <Ky <45 "Average" Ay =2~ (Kl —4)
4 <K, <45 "Good" Ag=1—14
25<K <4 "Good" Ay=1
2<K; <25 "Good" Ay =2- [Kl -2)
2<K, <25 "Very good” ds=1—12
0< Kl =2 "Very good" .;15 =1

For all other input indicators X; (i = 2, 1) it is necessary to develop similar algorithms for determining
the corresponding terms and values of membership functions 4; j (i =2,n,j=1, 5) on the basis of a survey of

experts. ) of their fuzzy sets D;; (i =2,n,j=1, 5). At the same time, immediately consider whether the
indicator is a stimulant or a disincentive.

MDKHAPOJITHUI HAVKOBHIA KYPHAJI . 91
«KOMIT’IOTEPHI CUCTEMH TA IHOOPMAIINHI TEXHOJOTI'TI», 2022, No 2



INTERNATIONAL SCIENTIFIC JOURNAL ISSN 2710-0766
«COMPUTER SYSTEMS AND INFORMATION TECHNOLOGIES»

The second step in determining the desired result is to determine the fuzzy number Q. It can be calculated
by the formula [12]:

Q = (q1,92,93,94.95) = Xj-1 Z; ®v; (7
in which the values of Z; ( j= ﬁ) are calculated by the following formulas:

Zj - (E?rzlpi ’ 'H'U)/‘(E?;l pi) (f = ﬁ) (8)

where the sign "®" means the operation of multiplying the real number Z; by the fuzzy number y;, which is
given by formula (5), the value of pj is the priority factor of the indicator X; (i = 1, N).

At the last stage of our calculations, we defuzzification the obtained fuzzy number Q into a "clear" format.
The belonging of the trapezoidal interval Q to one of the fuzzy subsets {C} of the development level of socio-
economic processes can be determined using the formulas of section and union of fuzzy sets. The degree of
belonging S of the level of development to one of the states C; is determined using the area A of a figure by the
formula [12]:

s=[a(enc)l/[a(euc))] ©)

where A is defined as the corresponding area bounded by trapezoidal curves of membership functions.

Given the significant difficulties in the calculations by formula (9), according to [12] we will find the
approximate value of immediately "clear" generalized indicator of the level of development of socio-economic
processes by the formula:

Z=0075-Z,+03-Z, +05-Z; + 0.7- Z, + +0.925 - Zs, (10)

where Zj ( j=1, 5) are determined by formulas (8).

If necessary, for the value of this generalized exponent Z found by formula (10), it is possible to determine
the corresponding terms and values of the membership function of fuzzy sets that correspond to them. To do this,
use the algorithm given in the table. 2, which is constructed using formulas (5).

Table 2
Algorithm for finding terms and corresponding values of membership functions of the generalized indicator
of the level of development of socio-economic processes

- Level .Of de_velop ment Degree of assessed confidence
The name of the indicator Value range (classification group, . .
term) (membership function)
The development level of socio- 0=Z=015 "low" pp=1
€conomic processes 0,15 < Z < 0,25 "low" y.1=10-(025—Z2)
0,15 < Z<0,25 "satisfactory” Ya=1—1py
0,25 =Z=0,35 "satisfactory" ya=1
0,35 < Z < 0,45 "satisfactory" y2= 10-(045 - 2)
0,35 < Z < 0,45 "average" Fa=1—¥,
0,45 = Z =0,55 "average" ra3=1
0,55 < Z < 0,65 "average" ¥z = 10-(0,65 — Z)
0,55 < Z < 0,65 "good" Ye=1—73
0,65 =Z =075 "good" Ya=1
0,75 < Z < 0,85 "good" ¥a=10-(0,85—2)
0,75 < Z < 0,85 "high" Vs=1—ya
085=2=1 "high" rs=1

Results of numerical calculations

We use the considered method of constructing a generalized indicator to assess the development of socio-
economic processes in Ukraine during 2013-2020. As primary indicators, we take 8 (»=8) indicators: force majeure
(X1), gross domestic product (GDP) (X>), the volume of sold innovative products to the total volume of sold
industrial products (X3), average wages (Xy), unemployment rate (X;5), consolidated budget expenditures on
education (Xs), consolidated budget expenditures on health care (X7), and consumer price index (Xs), All these
primary indicators are given in annual terms. Moreover, X;, X5, Xs are destimulators, and all others are stimulators.
Experts on a ten-point scale determine the value of the first of these indicators. All other indicators are statistical.
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GDP and consolidated budget expenditures on education and health care are presented in UAH billion. The third and
fourth indicators are expressed in parts and UAH, respectively. The unemployment rate and consumer price index
are given as a percentage. The values of all cost indicators are indicated in the prices of 2013. As a result, the
following initial data were used for calculations (Table 3).

Table 3
The value of input indicators to determine the level of development of socio-economic processes in Ukraine
for 2013-2020

Indiator Year

2013 2014 2015 2016 2017 2018 2019 2020
Ay 4,5 9,8 8,7 7,8 7,5 6,9 7,1 9,2
X, 14549 1351,8 1229,6 1264,2 12959 1339.,8 1384,2 1327,3
X3 33 2,5 1,4 1,05 0,7 0,8 1,3 1,9
Xa 32738 2994,0 2613,5 2751,7 3087,0 33383 3658,1 3669,8
Xg 7,7 9,7 9,5 9,7 9,9 9,1 8,6 9,9
X 101561 86376 70934 68661 77296 79071 83151 79836
X 61 568 61261 46842 54315 50330 48331 61222 55630
Xg 100,5 124,9 1433 112,4 113,7 109,8 104,1 105

Based on the expert survey's processed results for each of the considered input indicators, the trapezoidal
membership functions of the type (4) of the considered linguistic variables were determined, which are given in the

table. 4. In the process of forming this table, the belonging of the primary indicators X; (i = 1, 8) to stimulators

or destimulators is immediately taken into account.

Table 4
Functions of belonging of input indicators
Indicator Trapezoidal numbers for the values of the linguistic variable "The value of the indicator X;"
"Very bad" "Bad" "Average" "Good" "Very good"
Xy (8;8,5; 10; 10) (6;6,5; 8; 8,5) (4;4,5; 6, 6,5) (2;2,5;4;4,5) (0;0;2;2,5)
Ja (0; 0; 12005 1250) (1200; 1250; 1300; (1300; 1350; 1400; (1400; 1450; 1500; (1500;1550; +oo; +oo)
< 1350) 1450) 1550)
Xy (0; 0;0,5; 1) (0,5; 15 1,5; 2) (1,5;2;2,5; 3) (2,5;3;3,5;4) (3,5; 4; 20; 20)
X (0; 0; 2600; 2800) (2600; 2800; 3000; (3000; 3200; 3400; (3400; 3600; 3800; (3800;4000; +oo; +om)
* 3200) 3600) 4000)
Xz (9,5; 10; 100; 100) (8;8,5;9,5; 10) (6,5;7; 8; 8,5) (5;5,5;6,5,7) (0;0;5; 5,5
X (0; 0; 60; 65) (60; 65; 75; 80) (75; 80; 90; 95) (90; 95; 105; 110) (105; 110; +co; +o2)
X, (0; 0; 42,5; 45) (42,5, 45; 50, 52,5) (50; 52,5; 57,5, 60) (57,5; 60; 65; 67,5) (65; 67,5; +eo; +oo)
Xg (130; 135; 500; 500) | (120; 125;130; 135) | (110; 115; 120; 125) | (100; 105; 110; 115) (0; 0; 100; 105)

Based on the table. 4 for each of the primary indicators X; (i = 2, 8) were developed similar to the table.
1 for indicator X; algorithms for fuzzification of these indicators. That is, algorithms for determining the terms and
membership functions of the corresponding fuzzy subsets were developed for each primary indicator. Using these

algorithms based on those given in the table. 3 initial data for all primary indicators X; (i = 1, 8) and each of the
studied years from 2013 to 2020 were calculated specific values of membership functions

Rj (x;)= RU (i =1,8,j =1, 5) fuzzy subsets of Dj; (i =1,8,j=1, 5). Using the formula (8), the
values of Zj ( j=1, 5) are also determined for each of these years. The calculations were performed under the
same priority of all primary indicators. The obtained results of these calculations showed that for 2020 these

variables have the following values (see table 5).

Table 5
Values {A} i z; for the level of the generalized indicator of socio-economic processes in 2020
{8} Agg Agz Aiz Agg Ais
X, 1 0 0 0 0
KXo 0 0,454 0,546 1 0
Xs 0 02 0.8 0 0
X 0 0 1 0 0
Xg 0.8 02 0 0 0
Xe 0 0,08 0,92 0 0
Xz 0 0 1 0 0
Xg 0 0 0 1 0
Z}- 0,225 0,11675 0,53325 0,125 0
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Using formula (10) and the calculated values of Z; (j =1,5) from table. 5 we get the value of the
generalized indicator Z for 2020,

Z =0,075-02254+0.3-0,11675 + 0.5-0,53325 + 0.7 - 0,125 4+ 0925 - 0 = 0,406
We use the calculated value of this integral exponent to find the number of the corresponding fuzzy set
C; {:; = ﬁ] and its membership function }’I-[:j = ﬁ] Using the algorithm given in table. 2 we obtain that

5 =044y; =056 ,andy; =0 (j =1,4,5). That is, with a high degree of compliance it can be argued that in
2020 the level of development of socio-economic processes in Ukraine was "average" and with a lower degree -
satisfactory.

The considered values for all studied years are given in the table. 6.
Table 6

The complex indicator values are the level of development of socio-economic processes in Ukraine Z and the

membership function yj(Z) of the set of its states in 2013-2020

Year zZ Yi 2)

¥i ¥z ¥3 ¥ ¥s
2013 0,6503 0 0 0 1 0
2014 0,3361 0 1 0 0 0
2015 0,1956 0,544 0,456 0 0 0
2016 0,2918 0 1 0 0 0
2017 0,3089 0 1 0 0 0
2018 0,3884 0 0,616 0,384 0 0
2019 0,4517 0 0 1 0 0
2020 0,4060 0 0,440 0,560 0 0

This table shows that the value of the integrated indicator, the level of development of socio-economic
processes in Ukraine, was the highest in 2013. However, in the next two years, this value decreased and then began
to grow slowly. The increase lasted until 2019, and in 2020 the value of this indicator decreased again. In our
opinion, the main reason for the decrease in this indicator in 2014 and 2015 was Russia's annexation of the
Autonomous Republic of Crimea and the war in eastern Ukraine, and the 2020 - COVID-19 pandemic.

Conclusions

The study showed that to assess the development of socio-economic processes, it is advisable to use the
theory of fuzzy sets. Moreover, the problem can be solved by a simplified method, which consists of constructing a
generalized indicator of the level of development of socio-economic processes, measured in the order scale. The
performed calculations show that the level of development of socio-economic processes in Ukraine was the highest
in 2013. Over the next two years, this level decreased, and then gradually increased until 2019. In 2020, the value of
this indicator decreased again.
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