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Introduction. Disparities are inherent to socio-economic processes at different levels — from
community to region. In a negative context in all spheres of life, disparities cause widespreading of
economic depression on territories and sharp differences between living standards for population. However,
on the other hand, disparities are an incentive to develop the potential of communities, regions and countries.
Elaboration of incentive effects for economic development, given by disparities, implies the formulation of
strategic guidelines aimed at regulation of regional unevenness.

Overview of the latest sources of research and publications. Present research on regional
economics concerns various aspects of disparities: e.g. improvement of methodology for disparities
diagnosing and monitoring (paper by T.S. Klebanova et al.) [1] offers an algorithm for assessing and
analyzing the disparities of regional development in order to range regions and further group them on the
basis of social and economic development; paper by S.G. Svetunkov et al. [2] assesses regional disparities by
forecasting regional development indicators), formulate policies aimed at balancing regional disparities in
European countries, etc (Ph. McCann [3] examines the levels of regional disparities in the UK, and different
indicators of disparities with comprehention of their essence; J. Martinez-Galarraga, et al. [4] studies
disparities of regional income, which depends on stable economic growth), assessment of territorial
convergence through the study of uneven development (paper by L.S. Guryanova and S.V. Prokopovich [5]),
advancement of methodology for implementing regional development policy (R. Martin [6]), estimation of
disparities for regional policy (S.L. Shults and I.Z. Storonianska [7], I.Z. Storonianska and L.Ya. Benovska
[8], L.A. Chagovets and O.V. Nikiforova [9], T.S. Klebanova and T.N. Trunova [10]). Influence of
disparities and economy structural changes on the development of regions is shown in the paper by A.O.
Dvihun [11].

Unsolved issues. Analysis of studies on regional disparities has revealed a lack of papers formulating
a general approach to study disparities and their regulation, taking into account rapid change of disparities’
indicators and their nonlinear dynamics. Present work is devoted to the formulation of such approach.

Setting objectives. The aim of the study is to create an instrument regulating the disparities of
regional socio-economic development, taking into account nonlinear dynamics of disparities. Achieving the
goal involves the performing of the following tasks: analyzing methods of mathematic study of economic
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processes and identifying those that can be applied to the analysis of regional disparities; formulating rules of
correspondence between factors of influence on disparities and level of disparities of regional socio-
economic development (on the basis of predefined factors influencing disparities, variables, and membership
functions for values of disparities for each region).

Basic material and results. Impact on regional imbalances is one of the goals of regional policy. The
realization of this goal should be based on the preliminary analysis of an array of many heterogeneous data.
Since disparities is a dynamic phenomenon with many components influenced by many factors, it is
advisable to choose fuzzy logic methods for their analysis. Various authors discuss such option. S.M.
Marushchak proves that fuzzy inference can overcome the database dimension problem and adequately
analyze multidimensional relationships between input metrics and output calculations [12, p. 18-20].
Advantages of fuzzy inference methods are presented in the papers by T. L. Zubko [13], L. A. Ostankova
and N.Yu. Shevchenko [14], N.O. Ivanchenko [15, p. 863-866], V.M. Semianovskyi [16].

The fuzzy-plural approach is used to quantify qualitative information accounting the high uncertainty
and to solve management and prognostic tasks, which fully relate to the analysis of regional disparities and
the formation of regional development strategies. Fuzzy logic methods are relevant for diagnosis of
disparities taking into account the probabilistic nature of disparities arising during catalysts and retarders
influence on disparities [17]. The choice of the parameters for the diagnostic assessment of regional
disparities is described in this paper. Based on findings from this paper, the integral index of disparities was
calculated using a weighted taxonomic method (in paper [18]).

Socio-economic catalysts and retarders of regional development that influence the integral index of
disparities of regional socio-economic development were also identified. The study identifies ranges,
linguistic variables, and membership functions for values of disparities of socio-economic development for
each region. The linguistic variables were determined according to the range of changes of this indicator:
"Permissible level of disprarities", "Regulated level of disparities", "Catastrophic level of disprarities".

In the next stage, the rules of fuzzy inference basing on the Mamdani algorithm are formed. The fuzzy
inference mechanism relies on a knowledge base formed by domain experts or as a result of additional
research in the form of a set of fuzzy predicative rules of appearance [19]:

1:if x is A4, then y is By;

2:if x is 4,, then y is B,;

On:if x is 4,, then y is B

where X — input variable, y — output variable, 4 and B — the accessory functions defined
respectively by x and y .

n?

Thus, based on defined ranges of factors and constructed membership functions, the rules of
correspondence between catalysts/retarders and the level of disparities of regional socio-economic
development are formed. Zaporizhzhya region could serve as an example. Rules for this region are listed in
table 1, where the following designations are used for linguistic variables: MCE — moderate catalyst effect,
SCE - strong catalyst effect, ECE — excessive catalyst effect, WRE — weak retarder effect, ARE — agressive
retarder effect, CRE — catastrophic retarder effect, PLD — permissible level of disparities, RLD — regulated
level of disparities, CLD — catastrophic level of disparities.

In practice, the following methods are used to receive a defuzzificated result:

1. The maximum height method [20, p. 54]. Applies in case the membership function has a
certain absolute maximum. The advantage of the method is easy application; the drawback — membership
function is not considered in the entire definition area, but only in maximum positions, and above could lead
to unacceptable results.

2. The average maximum method [21, p. 78]. If the membership function has several relative
maxima, then a weighted average can be used. This method is better than the previous one. It can also be
applied if the membership function is constant at certain intervals of a variable, since it is possible to treat the
centers of each interval as relative local maxima, and then averaging the values.

3. Center of gravity method [19, p. 202]. The graphical representation of the membership
function in Descartes coordinates is a curve that, along with the abscissa axis, upper and lower bounds of the
variable, limits some plane.

- EkoHomika i pezioH Ne 1 (76) — 2020 — HayioHanbHulil yHieepcumem im. IOpisi KonOpamioka - #1 - 7




Economics and national economy management _

Table 1

Rules of fuzzy logical inference based on linguistic variables for Zaporizhzhia region

Factor | Rulel | Rule2 | Rule3 | Rule4 | Rule5 | Rule6 | Rule7 | Rule8 | Rule9 | Rule 10
s2 MCE | WRE SCE ARE ECE CRE MCE CRE MCE WRE
s3 MCE | WRE SCE ARE ECE CRE MCE CRE MCE WRE
s8 WRE | WRE ARE ARE CRE CRE WRE CRE WRE WRE

s10 MCE | MCE SCE SCE ECE ECE MCE ECE MCE MCE
sll WRE | WRE ARE ARE CRE CRE WRE ECE WRE WRE
s17 MCE | MCE SCE SCE ECE ECE MCE ECE MCE MCE
e2 MCE | MCE SCE SCE ECE ECE MCE ECE MCE MCE
€9 MCE | MCE SCE SCE ECE ECE MCE ECE MCE MCE
s27 MCE | MCE SCE SCE ECE ECE ECE MCE SCE ECE
s30 MCE | MCE SCE SCE ECE ECE ECE MCE SCE ECE
s36 MCE | MCE SCE SCE ECE ECE ECE MCE SCE ECE
s39 MCE | MCE SCE SCE ECE ECE ECE MCE SCE ECE
ell WRE | WRE ARE ARE CRE CRE CRE WRE ARE CRE
el6 MCE | MCE SCE SCE ECE ECE CRE MCE SCE ECE
el7 WRE | WRE ARE ARE CRE CRE CRE WRE ARE CRE
| PLD PLD RLD RLD CLD CLD RLD RLD CLD CLD

N Y Y e Y
iy N I I e P D=l = BN E- NV FN VST [ Y oy e

Created by the authors. Letter designation:

s * is a catalyst (retarder) of disparities of social indicators,

e * is a catalyst (retarder) of disparities of economic indicators.

Thus, based on the Mamdani algorithm, rules of fuzzy logical inference were developed and they
describe the qualitative relationships between the factors.

The fuzzy logic inference are input into the Fuzzy module (MathLab), and based on these rules, the
level of disparities in a particular region is predicted. To perform the simulation, a set of values of input
factors is established, and the simulation result is formed on the basis of previously formed rules of fuzzy
logical inference.

The visualization of the constructed fuzzy model for forecasting the level of disparities of the region
(on the example of Zaporizhzhya region) is shown in Fig. 1. The columns in Fig. 1 (except the latter)
correspond to the initial factors — catalysts and retarders of regional development, red vertical bar — to the
predetermined level of the input factor. Rows in Fig. 1 correspond to the formed rules of fuzzy logical
inference. The last column shows the predictive value of the resulting variable — the level of regional
disparities according to each rule, and the red line shows the most likely predictive value of the variable.

Fuzzy inference allowed us to obtain following results. Based on the established rules, the relationship
between catalysts (retarders) and the level of disparities in regional socio-economic development is
simulated.

In accordance to the levels of catalysts (retarders) influencing regional socio-economic development,
based on the established rules, the constructed system displays the numerical value of the change in the
factor of influence (a consequence) of the disparities of socio-economic development. For general analysis of
the developed model, it is advisable to visualize the corresponding surface of fuzzy inference, which allows
to establish the dependence of the values of the resulting variable on the input variables.

An example of input values of s2, s3, s8, s10, s11, s17, and e2 catalysts and retarders for Zaporizhzhia
region is shown in Fig. 2.

Irypt: [0.10.20.450.3583 0.05 0.54 0.15]

Fig. 2. Input values of factors influencing the disparities of socio-economic development for
Zaporizhzhia region.
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Fig. 1. Modeling of rules for fuzzy logical conclusion for disproportions
of socio-economic development of regions (on the example of Zaporizhzhia region).

Designed by the authors
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Application of fuzzy logical inference of the level of disparities of Zaporizhzhia region after influence
of the given combination of factors’ levels is shown in fig 3.

7
120 = 0,693 i
P
7 [
3

I i 1

Fig. 3. The result of fuzzy logical inference of factors influence on disparity level of socio-economic
development for Zaporizhzhia region.

Explanation: The result of influence of factors on the level of disparities of socio-economic
development will make 0,639, which with probability 1 refers to the fuzzy set "Catastrophic level of
disparities", which clearly confirms the graph of the fuzzy set shown in Fig. 4.
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Fig. 4. The result of the algorithm of fuzzy logical inference of the influence of factors on the
disparities of socio-economic development for Zaporizhzhia region

Fig. 5-6 shows a surface rendering a fuzzy inference model for a combination of catalyst and retarder
values.
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Fig. 5. Surface of fuzzy inference model for input variables s2 (migration) and s3 (natural population
growth) (data combination is arbitrary).
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Fig. 6. Surface of fuzzy inference model for input variables s11 (number of pensioners) and s17
(specific gravity of the total area equipped with hot water supply)
(data combination is arbitrary).

Similarly, we apply the Mamdani algorithm to formulate fuzzy inference rules for the rest of Ukraine's
regions. This makes it possible to predict the impact of catalysts and retarders of socio-economic
development on the level of regional disparities.

Table 2 summarizes the results of modeling the level of disparities of socio-economic development for
each region using the Mamdani algorithm.

- EkxoHomika i pezioH Ne 1 (76) — 2020 — HauioHanbHuil yHieepcumem im. Opisi KoHdpamioka - #1 - 11




Table 2
Results of fuzzy modeling of the influence of catalyst and retarders of socio-economic development on
the level of regional disparities.

Economics and national economy management

Region The predictive value of the The predictive value of a linguistic
original variable variable
Vinnytska I, = 0,169 «Permissible level of disparities»
Volynska I, =0,178 «Permissible level of disparities»
Dnipropetrovska I, =0274 «Regulated level of disparities»
Donetska I. = 0,261 «Catastrophic level of disparities»
Zhytomyrska I, =0173 «Permissible level of disparities»
Zakarpatska I, =0,209 «Regulated level of disparities»
Zaporizka I; = 0,693 «Catastrophic level of disparities»
Ivano-Frankivska I; = 0,196 «Permissible level of disparities»
Kyivska I,, =0,295 «Regulated level of disparities»
Kirovohradska I, =0,147 «Permissible level of disparities»
Luhanska I, =0,248 «Catastrophic level of disparities»
Lvivska I, =0271 «Regulated level of disparities»
Mykolaivska I,, =0,262 «Catastrophic level of disparities»
Odeska I,- =0,319 «Catastrophic level of disparities»
Poltavska I,, =0,287 «Catastrophic level of disparities»
Rivnenska I,, =0,174 «Permissible level of disparities»
Sumska I,, =0,150 «Permissible level of disparities»
Ternopilska I,, = 0,187 «Permissible level of disparities»
Kharkivska I,, = 0,261 «Regulated level of disparities»
Khersonska I,, = 0,258 «Catastrophic level of disparities»
Khmelnytska I,, = 0236 «Permissible level of disparities»
Cherkaska I,, = 0,178 «Permissible level of disparities»
Chernivetska I,, = 0314 «Catastrophic level of disparities»
Chernihivska I, = 0,192 «Regulated level of disparities»
Kyiv city I,, = 0,750 «Catastrophic level of disparities»

Source: developed by the authors. Excluding TOT AR Crimea, Sevastopol city, parts of Donetsk and
Luhansk regios (Donetska and Luhanska oblasts).

We group the regions according to the estimated level of disparities in table. 3.
Table 3
Grouping of regions by the results of fuzzy modeling of the impact of catalysts and redarders of socio-
economic development on the level of disparities.

Disparity level | Regulated Permissible Catastrofic
Dnipropetrovska Volynska Donetska
Zakarpatska Zhytomyrska Zaporizka
g Kyivska Ivano-Frankivska Luhanska
'go Lvivska Kirovohradska Mykolaivska
22 Kharkivska Rivnenska Odeska
Chernihivska Sumska Poltavska
Ternopilska Khersonska
Khmelnytska Chernivetska
Cherkaska Kyiv city

Source: developed by the authors. Excluding TOT AR Crimea, Sevastopol city, parts of Donetska and

Luhanska oblasts.
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Conclusions and prospects for the further research. Thus, based on the algorithm of fuzzy
inference by Mamdani, a mechanism for predicting the level of disparities in regional socio-economic
development has been developed. The levels of disparities for each region are determined as follows:
catastrophic, permissible, and regulated. It is established that the mechanism of forecasting the development
of disparities in regional socio-economic development by methods of fuzzy logic is a complex and
interrelation of factors that will determine the development of the region in the relevant directions of activity
in an unstable external and internal environment.

The obtained results can be used for determining current and forecasting level of disparities. This
makes it possible to prevent possible deviations from trajectory set out in the strategic documents and to take
appropriate measures to adjust the development goals.
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Bapnuaudiii 3axapiii CtemanoBu4, OKTOp €KOHOMIYHUX HaykK, npodecop. KuiBcbkuil HamioHaIbHUN
yHiBepcuter imeHi Tapaca IlleucHka. IlleBuenko OJbra BasepiiBHa, kaHIUAAaT €KOHOMIYHUX HayK,
CTapIIuii HAayKOBHI CIIBPOOITHUK, 3aBijlyBau BiIy PpErioHaNbHUX CTpaTerid IEeHTPY perioHaIbHHUX
JoCIipKeHb. HallloHanpHui iHCTUTYT CTPAaTEriYHuX TOCTiKeHb, Kiis. BuznauenHs piBHsi qucnponopuiii
y perionax YkpaiHu Ha OCHOBi HeYiTKO-MHOKMHHOTO MiAX0Ay. 3ampoNOHOBAHO IHCTpYMEHTAapii
pEryJIIOBaHHS TUCIIPONOPIIN COIiaIbHO-eKOHOMIYHOI'O PO3BUTKY PETiOHIB Ha OCHOBI BHUKOPHCTaHHS
METO/IiB HEYITKOI JIOTiKH, IO BPaxOBYIOTh MIHJIMBE CEPEIOBHUINE 1 HENIHIHHY MUHAMIKY IMCIPOIOPILii.
BusHaveHo piBHI AuCHpONOpIIiii: katacTpodidHmii, JOMYCTUMHIA, peryibroBannii. Ha oCHOBI BCTaHOBJICHUX
Jliara3oHiB YMHHUKIB BIUIMBY Ha JHMCIPONOPIi, 3MiHHI Ta (YHKIii HAJEKHOCTI A 3HAYEHb DIBHS
JMCITPOTIOPITiii, pO3paxoBaHUX JJIsi KOXKHOTO PETioHy, CPOPMOBAHO HEYITKE JIOTIYHE BUBEICHHS — MpaBHIIa
BIJIMIOBIIHOCTI MI>K YAHHUKAMH BIUTUBY Ha JUCIIPONOPIIil i PIBHSIMHU AUCIPOIIOPIIIH JJIsi KOXKHOTO PETioHYy.

Knrouoei cnosa: nuctporiopiiii po3BUTKY PErioHIB, KaTalli3aTOpyW Ta YIOBUIBHIOBAaYl PO3BHUTKY
pETioHIB, METOJ] HEUITKOT JIOTIKH, HEUITKE JIOT1YHE BUBEACHHS, PETYIIIOBAHHS JIUCIIPOITOPIIIH.
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regional socio-economic development based on fuzzy
logic methods, and accounted unstable environment and
nonlinear dynamics of disparities, are proposed. The
levels of disparities are determined as follows:
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Bapuanuii 3axapumii CremaHoBMY, JOKTOpD
SKOHOMHMYECKMX  Hayk, mpodeccop.  Kuepckuii
HallMOHAJILHBIN YHUBEPCUTET UMEHU Tapaca
[IeBuenko. lllepuenko Oabra BajsepseBHa, kKaHUAAT
SKOHOMHMYECKUX HayK, CTapIIMid HAaY4HBIM COTPYIHHK,
3aBe/ylollasl  OTAENOM PpEeruoHajbHBIX  CTpaTeruit
LIEHTpa PETHOHAJBHBIX HccienoBaHuil. HanponaapHbINH
WHCTUTYT CTpaTermyecKkux wucciegaoBanuid, Kues.
Onpenenenne YpoBHSI JMCIPONOPIUI B permoHax
YKkpannsl Ha OCHOBe HeYEeTKO-MHOKECTBEHHOI0
moaxoaa. [Ipennoxxen HUHCTpYMEHTapuit
perynupoBaHus JIUCTIPOTIOPIIAI COIMAIILHO-
SKOHOMHMYECKOTO Ppa3BUTHS PErMOHOB Ha OCHOBE
HCIIOJIb30BaHUS METOJIOB HEYETKOM JIOTUKH,
VUUTBHIBAIONINX WM3MEHYMBYIO Cpely M HEIUHEHHYIO
JUHAMUKY  aucriporopuuid.  OnpeneneHsl  YpOBHH
JUCTIPOTIOPIMIA: ~ KaTaCTPO(PHUUCSCKHUM,  OMYCTUMBIH,
perynupyembli. Ha OCHOBE YCTaHOBJIEHHBIX
JUara30HOB (DAKTOPOB BIIMSAHHS Ha JUCIIPOIOPIIUH,
MepeMeHHble ¥ (YHKIUUA TNPUHAUICKHOCTH  JUIS
3HAYEHUN YPOBHS JUCHPOMOPIUH, PACCUUTAHHBIX IS
KaXKI0ro peruoHa, chopMHUpOBaH HEYEeTKUI
JIOTUYECKUI BBIBOJI — MpaBUjia COOTBETCTBUS MEXIY
(dakTopamMy BIUSHHS Ha JAUCIPOIOPIUH M YPOBHIMHU
JIUCTIPOIIOPIUH JJIs1 KaXKJI0TO PETHOHA.

KiiloueBble ¢j10Ba: TUCTIPONOPIIUU Pa3BUTHS
PErHOHOB, KaTalW3aToOpbl W 3aMEJIUTENd Pa3BUTH
PETMOHOB, METOJl HEUCTKOW JIOTHMKH, (a3sudukamms,
peryinupoBaHHue TUCIPOIOPIUIL.

14 L #1 [ Economics and Region Ne 1 (76) — 2020 — Yuri Kondratyuk National University |




