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ELABORATION OF A MECHANISM

FOR REGULATING DISPARITIES

OF REGIONAL SOCIO-ECONOMIC
DEVELOPMENT BY FUZZY LOGIC METHODS

Introduction. Regions of Ukraine are characterized by a considerable level of disparities in socio-economic de-
velopment. Interpretation of disparities is important in order to develop the measures preventing their aggravation.

Problem Statement. The indices of regional disparities are variable and heterogeneous, with dif ferent dyna-
mics. Thus, it is dif ficult to estimate them with the help of conventional methods that do not allow application of
intermediate indices.

Purpose. To formulate a mechanism for regulating regional disparities necessary for further solution of ma-
nagement and prognostic tasks based on innovative approaches given environmental variability, rapid, and non-
linear dynamics of disparities.

Materials and Methods. For estimation and interpretation of indices for regional disparities, it is advisable
to use methods of fuzzy logic theory. These methods apply to quantitative estimation of qualitative information
(in the case when it is indefinite ), modeling of increasingly complicated economic processes given a high reliabi-
lity of calculations based on fuzzy logic models.

Results. The mechanism for forecasting the dynamics of regional disparities by fuzzy logic methods has been
presented as integration of interdependent factors ensuring development of the region under unstable conditions
of external and internal environment. With the help of fuzzy logic methods, the membership function between the
levels of disparities and the catalysts of disparities (retarders) has been built. The characteristics of regional dis-
parity levels have been classified as permissible, regulated, and catastrophic. The study of dynamics of the dis-
parity underlies elaborating public policy recommendations on the regulation of disparities.

Conclusions. The characteristics of disparities for each region estimated on the basis of membership function
pave the way for further forecasting the dynamics of disparities and developing a strategy for the regulation of
disparities in each region.

Keywords: disparities of regional development, catalysts and retarders of disparity indicators, fuzzy logic me-
thods, fuzzification, regulation of disparities.

The current state of the regions of Ukraine is characterized by significant disparities in
socioeconomic development, the reduction of which is one of the goals of government
strategy for regional development and regional development policy.
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Disparity as a dynamic economic phenomenon
is considered not only as a major problem of re-
gional development, but also as a resource for re-
leasing the economic potential of regions. There-
fore, it is important to study disparity in order to
develop measures of government regional policy
for its regulation. Interpretation of disparity in-
dicators in the socioeconomic development of re-
gions is important given the need to develop mea-
sures for preventing excessive growth of dispari-
ties and their regulation. The study of disparities
and the development of ways to level them are
important research and practical tasks, while the
dynamics of disparities are interesting in terms of
further development of practical recommenda-
tions for government policy to smooth dispari-
ties. So, it is necessary to make choice of methods
for studying disparity as a dynamic phenomenon
with many components that are influenced by
many factors.

Disparities of socioeconomic development of
regions have been studied in Ukraine and abroad.
The studies related to improving the methodolo-
gy of diagnosis and monitoring of disparities in
socioeconomic development of regions are also
noteworthy. T.S. Klebanova, TN. Trunova, and
A. Yu. Smirnova [1] have proposed an algorithm
for assessing and analyzing disparities of social
and economic development of regions, which al-
lows organizing them, analyzing disparities,
groupping regions by levels of social and econom-
ic development. S.G. Svetunkov, I.S. Svetunkov,
M.O. Kizim, and T.S. Klebanova [2] have fore-
casted the regional development indicators that
determine the trends and nature of the regional
development dynamics and such results also have
made it possible to assess regional disparities.

Foreign research works deal with the forma-
tion of regional policy aiming at supporting the
equalization of disparities at the regional level in
Europe and other countries. Ph. McCann [3] has
examined which level, high or medium, of region-
al disparities there is in the United Kingdom and
studied different indicators of disparities in order
to understand their essence and different means of
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influencing them. J. Martinez-Galarraga, J.R. Ro-
ses, and D.A. Tirado [4] have shown that stable
economic growth is accompanied by the evolu-
tion of disparities in regional revenues, which is
also shall be studied.

L.S. Guryanova and S.V. Prokopovych [5] ha-
ve assessed the convergence of territories while
studying the disparities in their development;
R. Martin [6] has contributed to the improvement
of the methodology for the formation of regional
development policy. I.Z Storonyanska [7], L.A. Cha-
govets, O.V. Nikiforova [8], and T.S. Klebanova [9]
have assessed the disparities for the purpose of re-
gional policy decisions.

The purpose of this research is to form a mec-
hanism for regulating disparities in socioecono-
mic development of regions on the basis of in-
novative approaches that take into account the
environment variability, rapid and nonlinear dy-
namics of disparities. Achieving this purpose con-
sists of many tasks: to analyze various methods of
mathematical research of economic phenomena
and to identify which of them may be used to ana-
lyze the disparities in the regional development;
to determine the ranges of factors influencing the
disparities, variables and membership functions
of disparity characteristics and the level of dis-
parities for each region.

Influencing the disparities in the regional de-
velopment is one of the goals of the government
strategy for regional development and regional
development policy. There is a question of appli-
cation of methods for studying disparities as the
dynamic phenomenon with many components
that are under the influence of a set of factors.
Various researchers have suggested the possibi-
lity of using fuzzy logic. The principles of mode-
ling economic processes on the basis of hetero-
geneous data have been presented in research of
V.M. Semyanovsky [10, 122—130] where, in par-
ticular, the possibility of using fuzzy logic met-
hods has been substantiated. According to L.A. Za-
deh, fuzzy logic allows quantifying the fuzzy lin-
guistic characteristics of the processes and pheno-
mena that are typical for human thinking through
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Fig. 1. Neural network of disparities in socioeconomic de-
velopment of regions
Source: author’s development.

special membership functions [11]. According to
S.M. Marushchak, the use of a hierarchical sys-
tem of fuzzy inference enables solving the prob-
lem of database dimension and adequately de-
scribing the multidimensional relationships be-
tween input and output calculations [12, 18—20],
which concerns measuring disparities. Signifi-
cant advantages of this approach in terms of as-
sessing the development of economic systems of
different levels have been noted by T.L. Zubko [13],
S.D. Shtovba [14], L.A. Ostankova and N.Yu. Shev-
chenko [15], A.V. Matviychuk [16], and N.O. Ivan-
chenko [17]. The advantage of the fuzzy-multip-
le approach is the possibility of its application
for quantification of qualitative information in
the case of its high uncertainty.

That is, the use of fuzzy logic methods for the
diagnosis of disparities in socioeconomic deve-
lopment of regions is appropriate, given the prob-
abilistic nature of disparities arising in the con-
text of the impact of catalysts and retarders on the
disparities and the possibility of operating inter-
mediate values. The choice of parameters for diag-
nostic assessment of regional disparities has been
described by Shevchenko O.V. [18]. Based on them,
the authors of [ 19] have calculated the integrated
indicator of disparities in the socioeconomic de-
velopment of territories with the use of the weigh-
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ted taxonomic method. Research [20] has presen-
ted catalysts and retarders of regional develop-
ment, which affect the integrated indicator of re-
gional disparities. With this in mind, the level of
disparities in the development of territories using
the fuzzy logic theory can be determined by for-
mula (1):

ﬁ(P+1):f(Z?:1y(P_n+1)wp (1)
where y (P + 1) is the input variable function; f is
the neuron activation function (sigmoid func-
tion); y (P — n + 1) are linguistic variables of the
i-th neuron signal; 7 is the number of inputs of
the i-th neuron signal; w, is weight of the i-th sig-
nal (quality term).

The fuzzy logic model of the disparities in the
socioeconomic development of territories has
been constructed on the basis of the neural net-
works method (Fig. 1) [21, 126—131]. That is,
the assessment of the level of disparities in the so-
cioeconomic development of the regions is based
on the construction of a multilayer network for

Table 1. Ranges of Variations in Catalysts
(Retarders) of Socioeconomic Development
of Regions

Factor Minimum value Maximum value
s%*2 0.022 0.752
s3 0.025 0.899
s8 —0.241 0.685
s10 —0.095 0.866
st —0.315 0.761
s17 —0.054 0.892

e**2 —0.016 0.682
€9 —0.048 0.838
s27 —0.034 0913
s30 —0.181 0.716
s36 —0.042 0.841
s39 —0.694 0.038
ell —0.046 0911
el6 —0.165 0.801
el7 —0.877 —0.005

Note: *s is catalyst (retarder) of the social development of
region, **e is catalyst (retarder) of the economic develop-
ment of region.

Source: Estimated by the author based on [19].
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the assessment of disparities. Such a multilayer
network, according to the fuzzy logic methods, is
a system of linguistic variables (model parame-
ters) formed on universal sets and fuzzy terms.
The advantages of this method are that the use
of neural network analysis does not allow restric-
tions on input information, and this leads to cor-
relations on the state of socioeconomic develop-
ment of regions in the internal and external envi-
ronment. The construction of a fuzzy inference
involves the four successive stages: fuzzification;
formation of a fuzzy inference on the basis of gi-
ven rules that put each value of linguistic variable
in correspondence to a fuzzy subset of the set of
input parameters; composition; and defuzzifica-
tion. Thus, the whole process of fuzzy description
of the control object can be divided into the fol-
lowing stages: fuzzification (values of source vari-
ables are converted into knowledge of linguistic
variables with the use of the membership func-
tion), development of fuzzy rules (definition of rules
that link linguistic variables), and defuzzification
(transition from fuzzy values to certain parameters).
The mechanism of forecasting the dynamics of
disparities in socioeconomic development of re-
gions by fuzzy logic can be represented as the in-
tegration of interdependent and interrelated fac-

Determination of possible ranges of catalysts (retarders)
and level of disparities
in socioeconomic development of regions

A4
Determination of linguistic variables given
on basic sets of ranges of catalysts (retarders)
and the level of disparities in socioeconomic
development of regions

.

Construction of membership functions
of catalysts (retarders) and level of disparities
in terms of identified linguistic variables

\4
Formation of rules of fuzzy inference in terms
of relationship between catalysts (retarders)
and the level of disparities in socioeconomic
development of regions

Fig. 2. Algorithm for forming qualitative relationships bet-
ween catalysts (retarders) and the level of disparities in so-
cioeconomic development of regions based on the rules of
fuzzy inference

Source: author’s development.

tors that ensure the development of the region in
the relevant areas of instability of external and
internal environment. To form qualitative relation-
ships between catalysts (retarders) and disparities

Table 2. Ranges of Integral Level of Disparities in the Socioeconomic Development for Each Region

Region Minimum value | Maximum value Region Minimum value | Maximum value

AR of the Crimea 0.152 0.232 Odesa Oblast 0.204 0.333
Vinnytsia Oblast 0.154 0.249 Poltava Oblast 0.180 0.316
Volhynian Oblast 0.167 0.275 Rivne Oblast 0.166 0.251
Dnipropetrovsk Oblast 0.200 0.370 Sumy Oblast 0.148 0.265
Donetsk Oblast 0.157 0.288 Ternopil Oblast 0.158 0.262
Zhytomyr Oblast 0.153 0.242 Kharkiv Oblast 0.220 0.356
Zakarpattia Oblast 0.165 0.276 Kherson Oblast 0.149 0.241
Zaporizhia Oblast 0.195 0.316 Khmelnytskyi Oblast 0.150 0.246
Ivano-Frankivsk Oblast 0.175 0.295 Cherkasy Oblast 0.159 0.260
Kyiv Oblast 0.168 0.388 Chernivtsi Oblast 0.172 0.271
Kirovohrad Oblast 0.132 0.241 Chernihiv Oblast 0.147 0.238
Luhansk Oblast 0.107 0.268 City of Kyiv 0.358 0.714
Lviv Oblast 0.193 0.334 City of Sevastopol 0.156 0.232
Mykolaiv Oblast 0.169 0.273

Source: Estimated by the author based on [19].
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in the socioeconomic development of the regions,
it has been proposed to use the algorithm shown
in Fig. 2. Accordingly, at the first stage, it is nec-
essary to determine the ranges of variations in
the factors that form the catalysts (retarders) of
the formation of socioeconomic disparities in the
regional development. These ranges are deter-
mined according to their calculations for 11 ob-
served periods (2007—2017). For comparability
of the obtained information, the data are normali-
zed over the entire time interval and grouped by
the principal components method [19]. As a result,

Table 3. Determination of Linguistic Variables for Catalysts
and Retarders of Disparities in Socioeconomic Development

the following ranges of catalysts (retarders) of
socioeconomic development of the territories ha-
ve been obtained (Table 1).

Similarly, the ranges of integral level of dispa-
rities in the socioeconomic development for each
region (Table 2) have been determined.

Let us determine the linguistic variables that cor-
respond to the listed variables (Tables 1—2) accor-
ding to the range of their variations, having scaled
the values of catalysts on the interval [0, 1] and
retarders on the interval [—1, 0]. For the catalyst
variables (Table 1), each range shall be divided

Input L . Range Input L . Range
variable Linguistic variable of values variable Linguistic variable of values
s2 Moderate catalyst effect (0,0.3) s30 Moderate catalyst effect (0;0.33)
catalyst | Strong catalyst effect (0.3;0.7) catalyst | Strong catalyst effect (0.33;0.87)
Excessive catalyst effect 0.7, 1) Excessive catalyst effect 0.87; 1)
s2 Weak retarder effect (-0.3;0) s36 Moderate catalyst effect (0;0.23)
retarder | Aggressive retarder effect (-0.7; -0.3) catalyst | Strong catalyst effect (0.23; 0.65)
Catastrophic retarder effect (-1;-0.7) Excessive catalyst effect (0.65; 1)
s3 Moderate catalyst effect (0;0.25) s39 Moderate catalyst effect 0;0.4)
catalyst | Strong catalyst effect (0.25; 0.55) catalyst | Strong catalyst effect (0.4; 0.6)
Excessive catalyst effect (0.55; 1) Excessive catalyst effect 0.6;1)
s3 Weak retarder effect (-0.25;0) e2 Moderate catalyst effect 0;0.3)
retarder | Aggressive retarder effect (~0.55; —0.25) catalyst Strong catalyst effect (0.3;0.5)
Catastrophic retarder effect (-1; -0.55) Excessive catalyst effect 0.5; 1)
s8 Weak retarder effect (-0.35; 0) €9 Moderate catalyst effect (0;0.28)
retarder | Aggressive retarder effect (-0.6; -0.35) catalyst | Strong catalyst effect (0.28;0.7)
Catastrophic retarder effect (-1;-0.6) Excessive catalyst effect 0.7, 1)
s10 Moderate catalyst effect 0;0.3) ell Weak retarder effect (-0.28; 0)
catalyst |Strong catalyst effect (0.3; 0.6) retarder | Aggressive retarder effect (—0.65; —0.28)
Excessive catalyst effect 0.6; 1) Catastrophic retarder effect (-1;-0.65)
sit Weak retarder effect (-0.4;0) el6 Moderate catalyst effect (0; 0.45)
retarder | Aggressive retarder effect (~0.87; —0.4) catalyst Strong catalyst effect (0.45; 0.8)
Catastrophic retarder effect (-1;-0.87) Excessive catalyst effect 0.8; 1)
s17 Moderate catalyst effect (0;0.4) el7 Weak retarder effect (-0.32;0)
catalyst | Strong catalyst effect (0.4;0.7) retarder | Aggressive retarder effect (-0.47; -0.32)
Excessive catalyst effect 0.7, 1) Catastrophic retarder effect (—1;-0.47)
s27 Moderate catalyst effect (0;0.35)
catalyst | Strong catalyst effect (0.35;0.77)
Excessive catalyst effect 0.77; 1)

Source: Estimated by the author based on [19].
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into three intervals which correspond to the lin-
guistic variables "Moderate catalyst effect”, "Strong
catalyst effect”, "Excessive catalyst effect". The fol-
lowing linguistic variables are introduced for the
retarder variables: “Weak retarder effect”, “Agg-

ressive retarder effect”, “Catastrophic retarder ef-

fect” [1, 11] (Table 3). It is taken into account
that the indicators of the social group s2 and s3
can act as catalysts and as retarder of the territo-
ry development.

Based on certain linguistic variables, it is pos-
sible to construct membership functions for each

Table 4. Membership Functions for Linguistic Variables of Catalysts

and Retarders of Disparities in Socioeconomic Development of Regions

ViIrlii Lf)t]e Linguistic variable Range of variations V}lI:]I::lliIl)tle Linguistic variable Range of variations
s2 | Moderate catalyst effect | u(x) = gaussmf(0; 0.3) s30 | Moderate catalyst effect | u(x) = gaussmf(0; 0.33)
catalyst | Strong catalyst effect p(x) =zmf(0.3; 0.7) catalyst | Strong catalyst effect u(x) = zmf(0.33; 0.87)
Excessive catalyst effect | u(x) =smf(0.7; 1) Excessive catalyst effect | pu(x) = smf(0.87; 1)
s2 | Weak retarder effect w(x) = gaussmf(—0.3; 0)|| s36 | Moderate catalyst effect | u(x) = gaussmf(0; 0.23)
retarder| Aggressive retarder effect | u(x) = zmf(—0.7; —0.3) || catalyst | Strong catalyst effect u(x) = zmf(0.23; 0.65)
Catastrophic retarder | u(x) =smf(-1;-0.7) Excessive catalyst effect | pu(x) = smf(0.65; 1)
effect
s3 | Moderate catalyst effect | u(x) = gaussmf(0;0.25) || s39 | Moderate catalyst effect | u(x) = gaussmf(0; 0.4)
catalyst | Strong catalyst effect u(x) = zmf(0.25; 0.55) catalyst | Strong catalyst effect u(x) =zmf(0.4; 0.6)
Excessive catalyst effect | u(x) = smf(0.55; 1) Excessive catalyst effect | pu(x) =sm/f(0.6; 1)
s3 | Weak retarder effect u(x) = gaussmf(—0.25;0)|| €2 | Moderate catalyst effect | u(x) =gaussmf(0; 0.3)
retarder| Aggressive retarder effect | u(x) = zmf(—0.55; —0.25)|| catalyst| Strong catalyst effect p(x) =2zmf(0.3; 0.5)
Catastrophic retarder | u(x) = smf(-1; -0.55) Excessive catalyst effect | p(x) = sm/(0.5; 1)
effect
s8 | Weak retarder effect () = gaussmf(—0.35;0)|| €9 | Moderate catalyst effect | u(x) =gaussmf(0; 0.28)
retarder| Aggressive retarder effect | u(x) = zmf(—0.6; —0.35)|| catalyst| Strong catalyst effect u(x) =zmf(0.28; 0.7)
Catastrophic retarder | u(x) =smf(-1; -0.6) Excessive catalyst effect | p(x) =sm/f(0.7; 1)
effect
s10 | Moderate catalyst effect | u(x) = gaussmf(0; 0.3) el1 | Weak retarder effect w(x) = gaussmf(—0.28; 0)
catalyst | Strong catalyst effect u(x) = zmf(0.3; 0.6) retarder | Aggressive retarder effect | p(x) = zmf(—0.65; —0.28)
Excessive catalyst effect | p(x) = smf(0.6; 1) Catastrophic retarder effect | u(x)=smf(—1; —0.65)
s11 | Weak retarder effect w(x) = gaussmf(—0.4;0)|| e16 | Moderate catalyst effect | u(x)=gaussmf(0; 0.45)
retarder| Aggressive retarder effect | p(x) = zm/f(—0.87; —0.4)|| catalyst | Strong catalyst effect u(x)=zmf(0.45; 0.8)
Catastrophic retarder | u(x) = smf(-1; -0.87) Excessive catalyst effect | p(x) = sm/(0.8; 1)
effect
s17 | Moderate catalyst effect | u(x) = gaussmf(0; 0.4) el7 | Weak retarder effect u(x) = gaussmf(—0. 32; 0)
catalyst | Strong catalyst effect p(x) =zmf(0.4; 0.7) retarder| Aggressive retarder effect | p(x)= zmf(-0.47; —0.32)
Excessive catalyst effect | u(x) =smf(0.7; 1) Catastrophic retarder pw(x)=smf(—1; —0.47)
effect
s27 | Moderate catalyst effect | u(x) = gaussmf(0; 0.35)
catalyst | Strong catalyst effect u(x)=2zmf(0.35; 0.77)
Excessive catalyst effect | u(x)=smf(0.77; 1)

Source: Author’sdevelopment.
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Fig. 3. The results of constructing the membership function
for a fuzzy set corresponding to the linguistic variable "Mo-
derate influence of catalyst s2" by MathLab: 1 — moderate
effect of catalyst or weak effect of retarder; 2 — strong effect
of catalyst or aggressive effect of retarder; 3 — excessive ef-
fect of catalyst or catastrophic effect of retarder. The X axis
is the factor value (linguistic variable) in the range [0; 1],
the Y axis is the probability of a certain value of the factor in
the range [0; 1]

Source: author’s development.

variable. For example, we have constructed a mem-
bership function for a fuzzy set corresponding to
the linguistic variable "Moderate effect of cata-
lyst s2", which corresponds to a range of values
from 0 to 0.3, with each value of this range be-
longing to a fuzzy set "Moderate effect of catalyst
s2" with a certain probability that for 0 is equal
to 1 and decreases as range values increase. The
degree of assignment of range values to a given
fuzzy set is represented as a membership function
of the following form (2):

2 () = (1/0; 1/0.05; 0.8,/0.1; 0.6,/0.15;
0.5/0.2; 0.4,/0.25; 0.3/0.27; 0.2/0.29; 0.1/0.3), (2)

in which, for example, the element 1/0.05 means
that value 0.05 of the catalyst s2 refers to a fuzzy
set "Moderate effect of the catalyst s2" with a pro-
bability of 1.

The constructed membership function is app-
roximated by means of PP MathLab (extension
of Fuzzy Logic Toolbox) with the use of Z-func-
tion (zmf) with the following parameters: p (x) =
= zmf(0; 0.3), which is shown in Fig. 3.

Fig. 3 features that the dependence (1 — mode-
rate) can be mathematically described by Z fun-
ction (having the form of the letter Z), in which

24

the factor values (linguistic variable "Moderate ef-
fect of catalyst s2") are indicated on the X axis
and the probability of such value of the factor are
shown on the Y axis. Since the specified linguistic
variable has values starting with 0, as they in-
crease, the probability of their assignment to the
set of values "Moderate effect of the catalyst” de-
creases.

With the use of similar considerations, on the
basis of certain ranges for catalysts and retarders,
the membership functions have been constructed
(Table 4).

The second dependence (2 — strong) shown in
Fig. 3, is mathematically described by the Gaus-
sian function (gaussmf). The factor values (lin-
guistic variable "Strong influence of the catalyst s2")
and the probability of such factor value are indi-
cated on the X axis and the Y axis, respectively.
The linguistic variable values close to 0.5 have
the maximum probability of "1"; as they rise and
fall at regular intervals, the probability of these
values decreases symmetrically.

The third dependence (3 — excessive) shown in
Fig. 3 is mathematically described by the S-func-
tion (smf). The factor values (the linguistic vari-
able "Excessive influence of the catalyst s2") are
indicated on the X axis, and the probability of
such factor value is indicated on the Y axis. The
probability of assigning values to this fuzzy set is
zero for all values less than 0.4 and further in-
creases rapidly to 1 following the bends of the let-
ter S. The largest values of the linguistic variable
close to 1 have the highest probability of "1".

The ranges and linguistic variables for dispari-
ties in socioeconomic development of territories
for each region have been determined. Let us de-
fine the linguistic variables according to the range
of variations of this indicator: "Permissible dis-
parity", "Controllable disparity”, and "Catastro-
phic disparity" (Table 5).

The Table describes the level of disparities for
each region: permissible, controllable, and catast-
rophic. Further, based on the defined ranges and lin-
guistic variables of the membership function for
the values of disparities in socioeconomic develop-

ISSN 2409-9066. Sci. innov. 2021. 17 (1)
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Table 5. Ranges. Linguistic Variables of Integral Level

of Disparities in Socioeconomic Development for Each Region
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Region Virrlipglll)tle LEE%:;ZEE;?;;:B]C Range of values Range of values
Vinnytsia Oblast I, Permissible (0.154; 0.19) W (x) = gaussmf(0.154; 0.19)
Controllable (0.19; 0.22) W (x) =2zmf(0.19; 0.22)
Catastrophic (0.22; 0.249) u (x) = smf(0.22; 0.249)
Volhynian Oblast I, Permissible (0.167; 0.185) W (x) = gaussmf(0.167; 0.185)
Controllable (0.185; 0.25) W (x) = zmf(0.185; 0.25)
Catastrophic (0.25; 0.275) U (x) = smf(0.25; 0.275)
Dnipropetrovsk I, Permissible (0.2;0.25) u (x) = gaussmf(0.2; 0.25)
Oblast Controllable (0.25; 0.3) W (x) = zmf(0.25; 0.3)
Catastrophic (0.3;0.37) u (x) = smf(0.3; 0.37)
Donetsk Oblast I Permissible (0.157;0.2) u (x) = gaussmf(0.157; 0.2)
Controllable (0.2;0.25) u (x) =zmf(0.2; 0.25)
Catastrophic (0.25; 0.288) W (x) = smf(0.25; 0.288)
Zhytomyr Oblast I, Permissible (0.153; 0.18) u (x) = gaussmf(0.153; 0.18)
Controllable (0.18;0.2) u (x) =zmf(0.18; 0.2)
Catastrophic (0.2;0.242) u (x) =smf(0.2; 0.242)
Zakarpattia Oblast L Permissible (0.165; 0.19) W (x) = gaussmf(0.165; 0.19)
Controllable (0.19; 0.24) u (x) = zmf(0.19; 0.24)
Catastrophic (0.24; 0.276) W (x) = smf(0.24; 0.276)
Zaporizhia Oblast I, Permissible (0.195; 0.24) W (x) = gaussmf(0.195; 0.24)
Controllable (0.24; 0.28) W (x) = zmf(0.24; 0.28)
Catastrophic (0.28;0.316) u (x) = smf(0.28; 0.316)
Ivano-Frankivsk I, Permissible (0.175; 0.21) u (x) = gaussmf(0.175; 0.21)
Oblast Controllable (0.21; 0.26) W (x) = zmf(0.21; 0.26)
Catastrophic (0.26; 0.295) U (x) = smf(0.26; 0.295)
Kyiv Oblast I, Permissible (0.168; 0.235) u (x) = gaussmf(0.168; 0.235)
Controllable (0.235; 0.315) W (x) = zm/f(0.235; 0.315)
Catastrophic (0.315; 0.388) u (x) = smf(0.315; 0.388)
Kirovohrad Oblast I, Permissible (0.132; 0.165) u (x) = gaussmf(0.132; 0.165)
Controllable (0.165; 0.21) W (x) = zmf(0.165; 0.21)
Catastrophic (0.21;0.241) W (x) =smf(0.21; 0.241)
Luhansk Oblast I, Permissible (0.107; 0.155) w(x)= gaussmf(0.107; 0.155)
Controllable (0.155; 0.221) w(x)=2zmf(0.155; 0.221)
Catastrophic (0.221; 0.268) u(x)=smf(0.221; 0.268)
Lviv Oblast I, Permissible (0.193; 0.243) w(x)= gaussmf(0.193; 0.243)
Controllable (0.243; 0.293) u(x)=zmf(0.243; 0.293)
Catastrophic (0.293; 0.334) p(x)=smf(0.293; 0.334)
Mykolaiv Oblast I, Permissible (0.169; 0.205) w(x)= gaussmf(0.169; 0.205)
Controllable (0.205; 0.235) p(x)=zmf(0.205; 0.235)
Catastrophic (0.235; 0.273) u(x)=smf(0.235; 0.273)
Odesa Oblast I, Permissible (0.204; 0.245) u(x)= gaussmf(0.204; 0.245)
Controllable (0.245; 0.295) p(x)=zmf(0.245; 0.295)
Catastrophic (0.295; 0.333) u(x)=smf(0.295; 0.333)
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End of the table 5
Region V;rrlgfﬁe Ll(rf:;;trll(t“yvlzr\::gle Range of values Range of values
Poltava Oblast I, Permissible (0.180; 0.225) u(x) = gaussmf(0.180; 0.225)
Controllable (0.225; 0.265) u(x) = zmf(0.225; 0.265)
Catastrophic (0.265;0.316) u(x) = smf(0.265; 0.316)
Rivne Oblast I, Permissible (0.166; 0.19) w(x) = gaussmf(0.166; 0.19)
Controllable (0.19; 0.22) u(x) =zmf(0.19; 0.22)
Catastrophic (0.22; 0.251) u(x) =smf(0.22; 0.251)
Sumy Oblast I, Permissible (0.148; 0.185) u(x) = gaussmf(0.148; 0.185)
Controllable (0.185; 0.225) u(x) = zmf(0.185; 0.225)
Catastrophic (0.225; 0.265) u(x) = smf(0.225; 0.265)
Ternopil Oblast I, Permissible (0.158; 0.195) u(x) = gaussmf(0.158; 0.195)
Controllable (0.195; 0.235) u(x) =zmf(0.195; 0.235)
Catastrophic (0.235;0.262) u(x) = smf(0.235; 0.262)
Kharkiv Oblast I, Permissible (0.220; 0.25) u(x) = gaussmf(0.220; 0.25)
Controllable (0.25;0.3) uw(x) = zmf(0.24; 0.3)
Catastrophic (0.3; 0.356) u(x) = smf(0.3; 0.356)
Kherson Oblast I, Permissible (0.149; 0.18) uw(x) = gaussmf(0.149; 0.18)
Controllable (0.18; 0.215) p(x) =zmf(0.18; 0.215)
Catastrophic (0.215;0.241) u(x) = smf(0.215;0.241)
Khmelnytskyi Oblast I, Permissible (0.150; 0.195) w(x) = gaussmf(0.150; 0.195)
Controllable (0.195;0.22) u(x) = zmf(0.195; 0.22)
Catastrophic (0.22; 0.246) u(x) = smf(0.22; 0.246)
Cherkasy Oblast I, Permissible (0.159; 0.19) w(x) = gaussmf(0.159; 0.19)
Controllable (0.19; 0.23) u(x) = zmf(0.19; 0.23)
Catastrophic (0.23; 0.26) u(x) = smf(0.23; 0.26)
Chernivtsi Oblast I, Permissible (0.172;0.21) w(x) = gaussmf(0.172; 0.21)
Controllable (0.21; 0.24) u(x) =zmf(0.21; 0.24)
Catastrophic (0.24; 0.271) p(x) = smf(0.24; 0.271)
Chernihiv Oblast I, Permissible (0.147; 0.175) w(x) = gaussmf(0.147; 0.175)
Controllable (0.175; 0.2) u(x) =2zmf(0.175; 0.2)
Catastrophic (0.2;0.238) u(x) = smf(0.2; 0.238)
City of Kyiv I, Permissible (0.358; 0.45) u(x) = gaussmf(0.358; 0.45)
Controllable (0.45; 0.55) p(x) = zmf(0.45; 0.55)
Catastrophic (0.55;0.714) u(x) = smf(0.55; 0.714)

Note: without AR of the Crimea and the city of Sevastopol taken into consideration.

Source: Author’sdevelopment.

ment for each region, it is necessary to form rules
of fuzzy inference in terms of relationship between
catalysts (retarders) and the level of disparities.
This research has proposed a mechanism for
regulating the disparities in socioeconomic deve-
lopment of regions on the basis of innovative app-
roaches with the use of fuzzy logic methods that
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take into account the variability of the environ-
ment, rapid and nonlinear dynamics of disparities.
With the help of these methods, the ranges and
linguistic variables of the integrated level of dis-
parities in socioeconomic development for each
region have been determined. Based on the iden-
tified linguistic variables, the membership func-
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tions for each variable have been constructed. The The calculated characteristics of the levels of
levels of disparities in regions have been classified | disparities in each region are the basis for develo-
as permissible, controllable, and catastrophic. ping strategies to control disparities.
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PO3POBKA MEXAHI3MY PETYJ/JIOBAHHSI
JINCITPOTIOPIIIN COIIAJIBHO-EKOHOMIYHOTO PO3BUTKY
PETTOHIB METOJAMM HEUITKOI JIOTIKI

Beryn. Perionn Ykpainn xapaKTepu3y€eTbCs 3HAUHUM PiBHEM AMCIIPOIIOPIIiN COIiaJIbHO-eKOHOMIYHOTO PO3BUTKY. lHTEp-
[peTartist iHIMKATOPIB AUCTIPONOPILIE € BAsKJIMBOIO 3 OIJISILY Ha HEOOXiHICTh PO3POOKHU 3aXO0/IiB 3 HEAOIMYIEHHS HAJIMIPHOTO
IX 3pOCTaHHSI.

IIpoGaemaruka. [TokasHUKN AUCIIPONOPIIIHOCTI PETIOHIB € MBUAKO3MIHHIUMHU, i3 PI3HOIO IMHAMIKOIO, PISHOPIAHIMU, TOMY
iX BaKKO OIIHUTH 32 JIOTTIOMOTOIO YiTKUX TPAUIIIHUX METO/IB, SKi He JI03BOJIAIOTH ONePyBaTH IIPOMIKHUMN 3HAYCHHAMMU.

Meta. DopmyBaHHsI MeXaHi3My PeryJioBaHHS AUCIPONOPIIii PETIOHIB JIJIST MOANBIIIOTO PO3B’sI3aHHS YIIPABIIHCHKUX 1
[IPOrHOCTUYHUX 3aBIaHb HA OCHOBI IHHOBAI[IIHUX TTIXO0/IiB, 110 TTepeadayaloTh ypaXyBaHHI MiHJIUBOCTI CepPe0BUIIA, IIBU/L-
Ky Ta HEJTHIiHY ANHAMIKY AUCIPOIIOPILi.

Marepiamu it Metoau. /17151 OI[iHIOBAHHST Ta iHTepIIpeTallii MOKa3HUKIB AMCIIPOTIOPIIiil PEriOHIB [OMIIBHUM € BUKOPUCTAH-
HS METOJB Teopii HeuiTKOi Joriki. BOHM 3aCTOCOBYIOTHCS JIJIsl KiJIBKICHOTO OLIHIOBaHHS AKicHOI iH(opMmalii B ymoBax ii
BMCOKOI HEBU3HAYEHOCTI, MOJIEJTIIOBAHHS €KOHOMIYHUX TIPOILECIB MiZIBUINEHOT CKJIAIHOCTI 3 OTJISIy HAa BUCOKY /IOCTOBIPHICTD
PO3PaxyHKiB Ha OCHOBI HEUiTKO-MHOKUHHUX MOJIEJTE.

PegyapraTn. MexanisM MpOrHO3yBaHHS AWHAMIKU AUCIIPOTIOPIIH PETiOHIB METO[aMI HEYITKO] JIOTiK! MO/IaHO SIK iHTe-
rpaiio B3aeMOOOYMOBJIEHUX YNHHUKIB, 1110 320€311e4y0Th PO3BUTOK PETIOHY Y BiANOBiAHKX chepax B yMOBax HecTabiibHOC-
Ti 30BHIIIIHBOTO Ta BHYTPIIIHBOTO CePeoBUIA. BUKOPUCTOBYIOUM METOU HEUITKOT JIOTIKH, TT00Y10BaHO (DYHKILT HAJleKHOC-
Ti M’k PIBHSIMU IMCIIPONIOPIIIIHOCTI Ta KaTasizaropamu (YIIOBLIbHIOBaYaMy ) ucnporopuiitnocti. [Torano xapakrepucruky
PiBHIB IUCIIPOIOPILiIl 32 PerioHamMu: JOMyCTUMUIA, PeryJboBaHui, KaTacTpodiunii. BuBuenns auHaMiku JUCIIPOTIOPIIii
CKJIaJlac OCHOBY JIJIS1 pO3PO0JIEHHS PEKOMEH AL AeP/KABHOI MOJIITUKK 3 PEryJIIOBAHHS AUCIIPOIIOPIIIIL.

BucnoBku. Po3paxoBani Ha 0cHOBI (DyHKIIi1 HaTe;KHOCTI XapaKTePUCTUKY PiBHIB IUCITPOIOPITIN KOJKHOTO PETiIOHY € OCHO-
BOIO JIJIS1 TIOJIAJIBIIONO IPOTHO3YBAHHSI AMHAMIKK AUCIIPOIIOPILiii i o6y 0Bu cTpaTerii peryitoBaHHs JUCIPOIOPIIN Y KOXK-
HOMY PErioHi.

Knwouoei carosa: mucnponopilii pO3BUTKY PETiOHiB, KaTali3aTOPH Ta yIOBLIBHIOBAYi MOKA3HWKIB JAMCIIPOTIOPIIiif, METON
HeuiTKoi JoTiKN, (hasudikaris, peryTioBaHHs AUCTIPOTIOPIIiiL.
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