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MODELLING AN IMPACT OF ENTERPRISES’ INVESTMENT ACTIVITY
ON THE LEVEL OF A REGION’S SUSTAINABLE DEVELOPMENT
USING FUZZY LOGIC APPARATUS

The paper examines the essence of sustainable development of a region. It has been noted
that achievement of sustainable development of a region is possible under the condition of plurali-
ty of transformations and changes in enterprises, institutions, organizations, and societies, which
operate in the region. The study proves that the assessment of sustainable development of the re-
gion, considering the enterprises’ investment activity takes into account the following spaces:
economic, territorial, administrative, demographic, institutional and organizational ones. Each of
the above spaces can be assessed using indicators that characterize the peculiarities of the region.

The objective of the article is to develop a scientific and methodological approach to model-
ing the impact of enterprises’ investment activity on the sustainable development of the region.

The proposed approach to modeling the impact of enterprises’ investment activity on the
sustainable development of the region allows: to analyze the quantitative indicators of the constit-
uent elements and to define the state and level of development of each element, which significant-
ly improves the efficiency of the necessary organizational support. Testing of the proposed model
for assessing the impact of enterprises’ investment activity on the sustainable development of the
region was demonstrated on the example of Donetsk region.

Based on the apparatus of fuzzy logic, a hierarchical model of assessing the sustainable de-
velopment of the region takes into account the investment activity of enterprises, which allows the
use of expert information about the object of study in the form of logical rules; to synthesize
quantitative indicators into a single integrated indicator of structural elements of the system. The
advantage of the proposed method is its versatility.

The study shows that during 2018-2020 the level of sustainable development of the Donetsk
region based on enterprises’ investment activity was satisfactory (0.57). Also, it should be noted
that there is a worsening in the value of the indicator, which requires adjustment of strategic
guidelines of the region.

Keywords: modeling, sustainability, investment activity, enterprise, development.
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The social and economic component of
regional development characterizes the pro-
cesses that take place with the participation of
all subjects of a regional economy, which are
aimed at achieving economically feasible re-
sults while ensuring stable improvement of the
level and quality of life of the population.
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Theoretical and practical issues related
to the interconnection of interests, goals and
objectives of the social and economic devel-
opment of systems of different levels are of
great importance. It should be noted that the
"points of economic growth™ in the region are
enterprises located in its territory. The poten-
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tial of their socio-economic development can
be revealed through the synergy of interests of
the region and enterprises. The mechanism for
achieving this can be modeling an impact of
enterprises’ investment activity on the sus-
tainable development of the region.

The urgency of enhancing enterprises’
investment activity in the region, in particu-
lar — in conditions of growing unsustainable
market conditions, is obvious, as ensuring the
efficiency of their operation and intensification
of investment activity is one of the most im-
portant functions not only of each enterprise
but also the region and the state in general.

In industrial regions, the regional gov-
ernment is interested and ready to assist in the
enterprises’ upgrading, as it directly faces a lot
of problems associated with their low techno-
logical level. The use of outdated technologies,
physical and moral depreciation of equipment
invariably cause a low level of labor produc-
tivity, high costs of manufacturing, its low
quality, which leads to a decrease in the com-
petitiveness of enterprises in the region. Such
enterprises have a negative impact on the envi-
ronment. All this together affects the level and
quality of life of the population, which is a key
indicator of the effectiveness of regional au-
thorities. Thus, it can be noted that in modern
conditions the emphasis in the transition to
investment and innovation development is nat-
urally shifted to the level of regions.

Ensuring balanced social and economic
development of regions in dynamic conditions
of structural and organizational transfor-
mations and uncertainty is an crucial, complex
and multifaceted problem, for the effective
solution of which it is necessary to use effec-
tive means of economic assessment of feasi-
bility, effectiveness and risks of socio-
economic transformations, as well as appro-
priate means of assessments and regulations,
which should include tools for indicative
management.

One of the spaces of estimation of sus-
tainability is the calculation of the sustainabil-
ity index (Environmental Sustainability In-
dex), which was developed and suggested by
the Yale and Columbia Universities for World
Economic Forum in Davos. On the basis of
the calculation there is the index of 22 indica-
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tors, which are determined by way of averag-
ing 2-5 variables. Totally 67 variables are al-
located. When calculating the index value, the
significance of all variables is set equal for
convenience. It is due to the lack of common
essence in environmental problems’ ranking.

In 1989, Daly and Cobb (USA) (Daly,
1994) introduced to European countries the
method of calculating the index of sustainable
economic welfare (Index of Sustainable Eco-
nomic Welfare). This index is a value, which
defines the volume of GDP per capita and is
adjusted to the value of costs caused by socio-
economic and environmental factors (Mat-
thews, 2000; Bilan et al., 2017). The devel-
opment of this index is an attempt to calculate
the aggregated monetary index comparable to
the existing standards of national accounts and
taking into consideration moments that have
not been reflected in other approaches due to
high aggregation of indicators.

The UN Program of Action “Agenda
21” paragraphs 40.6-7 recommend for coun-
tries at the national level, as well as for inter-
national governmental and non-governmental
organizations at the international level to de-
velop a sustainable concept of development to
identify indicators (2007). However, due to
the versatility of the indicators and differences
in social, economic and environmental condi-
tions the majority of the advanced economies
are united in their desire to develop their own
indicators and strategies of sustainable devel-
opment, which are closer to the development
of the country.

Sustainable development of the region
is characterized by the coordinated develop-
ment of the economy, society and the envi-
ronment for the development of the regional
economy, improving the life of the population,
ensuring the efficient use of resources and
preserving the environment (Li, 2018). Close
cooperation between public and private sec-
tors, as well as non-governmental organiza-
tions, has become an important component in
the implementation of the sustainable devel-
opment concept, especially for catching up
countries of eastern and central Europe
(Gibney, 2014).

The study of sustainability in (Afonso,
Jalles, 2015) is proposed to be conducted us-
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ing the public debt ratio. Based on the factors
proposed in (Bolivar, 2016), it is offered to
define the impact of local governments on the
sustainability. A study of regional develop-
ment policy based on economic issues and
decentralization of different levels of govern-
ment has been proposed in (Bradford, 2013).
The paper (Buleev, 2019) pays attention to the
development of economic and mathematical
model of comprehensive assessment of enter-
prises’ investment activity in the region. An
economic-mathematical model that can be
used in a generalized form for different coun-
tries of the world under the condition of its
certain adaptation and detailing of national
indicators is proposed in (Garkushenko,
2021). Analysis of the channels linking in-
come distribution, institutional factors, and
economic growth have been studied in (Perot-
ti, 1996).

Development and substantiation of
methodological support for estimation and
forecasting of macroeconomic regulation of
development of cascade forms of organization
of production-economic, inter-regional and
inter-sectoral interaction of regional social and
economic systems in Ukraine became the sub-
ject of research in (Danylyshyn, 2016). How-
ever, in defining the level of the regional so-
cio-economic system development the author
does not take into account the impact of the
environmental component.

The issues of evaluation the level of a
region’s development that can be determined
by social, economic and environmental fac-
tors, as well as the analysis and mechanism of
ensuring the economic security of a region,
emphasizing the importance of foreign eco-
nomic security of the region, and using such
characteristics as the level of foreign econom-
ic openness are dealt in (Herasymchuk, 2002).

The sustainable development of the re-
gion is influenced by production and environ-
mental factors (Mishenin et al., 2018), at the
same time in (Kyrychenko et al., 2018) is noted
that economic growth depends on social fac-
tors, moreover — macroeconomic stability is the
cause of fast and stable economic growth in
East Asian countries (Kuroyanagy et al., 1996).

A peculiarity of the region is its ability
to function as a self-developing system, and
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the sustainability of social and economic de-
velopment of the region is seen as the antithe-
sis of its crisis in (Uryszek, 2015). Consider-
ing sustainability as crisis-free (or secure) de-
velopment of the territory, and as a basis for
strategic analysis of sustainability of territorial
development, it is suggested to apply a set of
security indicators and sustainable develop-
ment standards taking into account the main
forms of territorial security — economic, social
and environmental (Rocchetta, 2019; Vasy-
lenko, 2001).

Economic and mathematical methods
are widely used to analyze various economic
processes. Social policy determinants are
based on the multilevel regression method
(Hjerm, 2012; Dion, 2010). The substantiation
of indicators characterizing social and eco-
nomic development but taking into account
the correlation between social and economic
parameters are offered in (Hrysenko, 2019).
Employment of a clustered approach to build
a social economy model is suggested in
(Stukalo, 2018).

At the same time, despite the significant
number of researches on this topic, the rela-
tionship between the development of the re-
gion on the basis of increasing investment ac-
tivity of enterprises remains insufficiently
studied in theoretical, methodological and ap-
plied fields. So, the importance of the issue is
related to the role of the investment activity in
the sustainable development of the region.

The objective of the paper is to develop
a scientific and methodological approach to
modeling the impact of enterprises’ invest-
ment activity on the level of sustainable de-
velopment of the region based on the fuzzy
logic apparatus.

It is proposed to model the sustainable
development of the region taking into account
the enterprises’ investment activity based on
the use of the Fishburne rule and the theory of
fuzzy sets. In order to assess the effectiveness
of the target program as a whole, it is suggest-
ed to use an integrated indicator.

Modeling the region’s sustainable de-
velopment on the basis of the enterprises’ in-
vestment activity will allow regional authori-
ties to evaluate the degree of compliance of
the strategic measures with the set goal and
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landmark as well as to identify the need for
adjusting strategic management, make timely
changes in case of necessity, and develop fur-
ther steps on the achieving the state of sus-
tainable development. So, a distinctive feature
of the suggested methodology is to use a
mathematical system for modeling the sus-

tainable development of the region on the ba-
sis of the investment activity of enterprises.

An algorithm for estimating the impact
of the level of the enterprises’ investment ac-
tivity on the sustainable development of the
region using a fuzzy logic system is shown in
Figure 1.

Stage 1. Methodical tools for modeling sustainable development of the region based on the
enterprises’ investment activity

1. Defining the spatial areas of sustainable development of the region taking into ac-
count investment activity of enterprises (1)

v

2. Collection, analysis and processing of the actual data, which form the input infor-
mation to model the sustainable development of the region

3. Formation of a system of indicators for the assessment of spaces of sustainable de-

> velopment of the region (x;) and their quantitative assessment

A 4

Stage 2. Ranking sustainable development of the region on the basis of enterprises’ invest-
ment activity

A 4

1. Substantiation of term sets’ selection

y

2. Definition of the basic term-set (T) linquistic variables for selected indicators

A

3. Defining the significant values (r;) of the j-th indicator (j = 1...n) by the degree of
importance on forming the i-th aggregate indicator (i = 1...z) of a sustainable develop-
ment of the region (IT) according to specified spaces

4. Recognition of levels of membership of selected indicators for constructing a mem-
bership function zA (X)

5. Construction of classifiers of levels of influential factors for the region’s sustainable
development based on the enterprises’ investment activity

\ 4

Stage 3. Determining the level of sustainability of the region on the basis of enterprises’ in-
vestment activity

\ 4

1. Assessment of the affiliation of influential factors of enterprises’ investment activity
for sustainable development of the region

—»

2. Defining the level of influence of enterprises’ investment activity on the sustainable
development of the region

Figure 1 — Scientific and methodological approach to modeling the impact of enterprises’

investment activity on the sustainable development of the region using the appa-
ratus of fuzzy logic

Source: developed by authors.

At the first stage for modeling methodi-
cal tools for estimation of the region’s sus-
tainable development on the basis of the en-

terprises’ investment activity are proposed.
The indicators are based on the expert method
in accordance with the areas characterizing the
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sustainable development of the region. When
using this method, an expert has a task — to
assess the qualitative property of the criterion
in points (pre-set range of changes in this as-
sessment). Experts should reflect the degree of
conformity of the variant of the considered
property.

It should be noted that the complexity of
the formation of the estimation information
base of the sustainable development of the
region based on the investment activity of en-
terprises lies in:

its diversity, associated with the imple-
mentation of various types of activity at the
regional level,

different terms and conditions of for-
mation of information in subsystems: account-
ing, financial, management (production)
statements;

the difference of the target orientation of
the generated information: in time (regarding
activities in previous reporting periods, current
activities, activities in perspective), in fields of
use (in planning, analysis etc.), for entering
information on the number of objects, etc.;

possibilities of systematization and pro-
cessing of information by means of profes-
sional, local, common and standardized com-
puter programs and databases (Ershova, 2016;
Astapova et al., 2015).

All selected indices have different
measurement units, so the expedient conduct
of the matching operations between them led
to their standardization using a linear scaling
method (Spiridonova, 2010; Makarkina,
2011). With this method, the value of each in-
dicator is aggregated in the range from O to 1.

At this stage, aggregate indicators for
each space are combined using a geometric
mean. In order to assess the sustainable devel-
opment of the region on the basis of enterpris-
es’ investment activity was conducted a con-
volution of all private indicators with the ap-
propriate weight for each space. As a weight,
authors chose a matrix consisting of two types
of scales, defined by the Fishburne rule and on
the basis of fuzzy set theory.

According to Fishburne's rule, it is nec-
essary to compare each indicator of the corre-
sponding space C; with the level of its signifi-
cance ri. and evaluate it by arranging all indi-

ISSN 1562-109X Econ. promisl.
2021, Ne 4 (96)

Exonomira i’lpO/WuCJlO@OCmi @ Dxonomuxa nPOMblUITIEHHOCMU

cators in descending order of significance so,
that the rule is fulfilled: r;>r, > ... > r, (Ne-
dosekin, 2003).

For the region, the level of significance
of all spaces shall be taken to be the same,
then the coefficient r;. at calculations is 1/N.

To define the second type of space
weights, the following will be introduced:

1) the fuzzy set Ai{i = 1, 5}, which
characterizes the belonging of the level of sus-
tainable development of the region in accord-
ance with the specified spaces Cj, is divided
into five subsets of states:

A; — fuzzy subset of «very low level of
sustainable development»;

A, — fuzzy subset of «low level of sus-
tainable developmenty;

Az — fuzzy subset of «satisfactory level
of sustainable developmenty;

A, — fuzzy subset of «high level of sus-
tainable developmenty;

As — fuzzy subset of «very high level of
sustainable developmenty.

The carrier of the set A; takes on values
in the range from 0 to 1 in accordance with the
suggested method of closing up of the pa-
rameters of the spaces Cj;

2) Further, in accordance with the
formed set A, a complete set of levels of the
enterprises’ investment activity G is divided
into five subsets:

G — fuzzy subset of «very low level of
the enterprises’ investment activity»;

G, — fuzzy subset of «low level of the
enterprises’ investment activity»;

G; — fuzzy subset of «satisfactory level
of the enterprises’ investment activity»;

G4 — fuzzy subset of «high level of the
enterprises’ investment activity»;

Gs — fuzzy subset of «a very high level
of investment activity enterprises».

The carrier of the set G is an indicator
of the level of the sustainable development of
the region on the basis of the enterprises’ in-
vestment activity g — acquires a value from 0
to 1 by definition.

Describing the type of subsets of the
term-set, a system of five features of affilia-
tion is introduced that characterize the degree
of affiliation of the segment values of the 01-
medium to a given subset (Tab. 1).
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Table 1 — Classification of the level of a region’s sustainable development based on the en-

terprises’ investment activity

. Classification of the The degree of confidence
Value interval G , . .
parameter’s level (independence function)
0<g<0.15 Gs 1
Gs us=10-(0.25 —g)
0.15<g<0.25
g G4 1—ps = pa
0.25<g<0.35 Gy 1
Gy s =10-(0.45—q)
0.35<g<0.45
g Gs 1— =3
0.45<g<0.55 G; 1
G; w3 =10-(0.65 —q)
0.55<g<0.65
g G 1—puz=u
0.65<g<0.75 G, 1
G, 2= 10-(0.85 — Q)
0.75<g<0.85
g G; l-wo=y
085<g<1 G, 1

Source: Compiled by authors.

3) for the indicators of spaces Cj the fol-
lowing set of its values B; is defined, which is
also splits into five subsets:

B:1 — subset of a very low level of C; in-
dex;

B, — subset of a low level of C; index;

Bs — subset of a satisfactory level of C;
index;

B, — subset of a high level of C; index;

Bs — subset of a very high level of C; in-
dex.

Then, the affiliation function corre-
sponds to each indicator C; that matches the
accessory uij (C;) {j = 1, 5}, which reflects the
degree of affiliation of the space index of a
subset A;, values of which lie in the range
from 0 to 1.

The next step is to build the function of
the accessory ;; (C;) for each linguistic term
from the basic term set T.

The function g, j (C;) is a mathematical
function that defines the probability and in
which elements of a certain set C belong to a
given fuzzy set A — the main tool of the formal-
ism of fuzzy logic. The more the argument C
corresponds to the fuzzy set A, the greater the
value of 4; j (C;) is. That is, the closer the value
of the argument is to 1 (Kotenko et al., 2020).

It is offered to use the function of affili-
ation of fuzzy set of the trapezoidal shape that
allows specifying cores of the fuzzy set and
uniquely characterizes the affiliation of this
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indicator to the fuzzy infinity A;, The trapezoi-
dal shape of the fuzzy set can be represented
in the following form:

(1)

b<x,

where: [a, d] is a fuzzy set containing a pes-
simistic estimate of the variable values; [b, c]
is the core of a fuzzy set containing an opti-
mistic estimate of the variable values.

In the trapezoidal function of affiliation
to each fuzzy subset B;, one can identify the
cores, where this function takes the value
equal to 1.

On the basis of the calculated weight of
the Fisherburn’s, the values of the nodal po-
ints f; and values of functions of affiliation ;,
Jj (Cj), the transformation matrix of two sys-
tems of weights is formed: 4; = r; - §; - 14i,j (Cj).

Having defined the transformation ma-
trix of two types of weights for each space, at
the third stage the level of the impact of the
enterprises’ investment activity on the sus-
tainable development of the region is deter-
mined. It is defined as the closing up of all the
parameters of spaces with the corresponding
magnitude of the weight matrix by each space:
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g:Zngrilij 2)
=1 i=1

where: g; = 0.9 - 0.2 (j-1); ri — weight factor of
the i-indicator; 1 — level of the carrier’s affilia-
tion to a fuzzy subset.

The final step is to rank the regions by
the level of the sustainable development based
on the enterprises’ investment activity in order

to create a rating for the analytical analysis of
the received results. The degree of affiliation
of each of comparable structures to the criteria
defined on the basis of the Harrington ver-
bal-numerical scale, which includes meaning-
fully described names of graduations and the
corresponding ranges of numerical values
(Table 2).

Table 2 — The level of sustainable development of the region on the basis of the enterprises’

investment activity

The level of sustainable development of the region
Interval ) o o
on the basis of enterprises’ investment activity

0-0.2 Very low
0.2-0.4 Low
0.4-0.6 Satisfactory
0.6-0.8 High

0.8-1 Very high

Source: Compiled by authors.

The result of the classification is a lin-
guistic description of the impact of the enter-
prises’ investment activity on the sustainable
development of the region, as well as the de-
gree of confidence of the expert in the cor-
rectness of the classification. Thus, the con-
clusion about the degree of influence of in-
vestment activity of enterprises on sustainable
development of the region obtains not only a
linguistic form, but also quality characteristics
of the received statements.

Further is made an assessment of the
impact of enterprises’ investment activity on
the level of sustainable development of the
region on the basis of the suggested scientific
and methodological approach. The normalized
values of the indicators used in modeling the
impact of enterprises’ investment activity on
the level of sustainable development of the
region are given in table 3.

The results of the experts’ survey and
the subsequent obtained calculations are
shown in Table 4.

Table 3 — Normative values of indicators of the estimation of impact of the enterprises’ in-
vestment activity on the level of sustainable development of the Donetsk region

Space Indicators that characterize the impact 2018 | 2019* | 2020
on the management process
1 2 3 4 5
1. In_dustrlal production index, to the relevant period the 0.4324 | 0.6714 | 0.7010
previous year
Economic 2. Agri_cultgral indexes of products in to the previous year 0.3896 | 0.5687 | 1.0000
(1) 3. Capital investment 0.3676 | 0.7279 | 0.8456
4. Investments in the economy of the region 0.9361 | 0.9652 | 0.9433
5. Net profit (loss) 0.4366 | 0.7930 | 0.9907
6. Consumer price indices for goods and services 0.9641 | 0.5264 | 0.0000
1. Territory 1.0000 | 1.0000 | 1.0000
Territorial | 2. Population 0.0000 | 0.0000 | 0.0000
(C2) t30.r(>./‘,oeff|0|entofenwronmental sustainability of the terri- 09767 | 09767 | 09767
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End of table 3

1 2 3 4 5
- 1. The satisfaction degree of the population of activities of
ﬁ\?gg;s)tra- the executive bodies of the region 1.0000 1.0000 | 0.0000
2. The level of openness of their own structures 0.3629 | 0.4832|0.6119
1. Income of the population of the region 0.2761 | 0.0000 | 0.4666
Demog- 2. The_ average monthly pension 0.8371 | 0.8156 | 0.5801
raphic (C4) 3. Living wages 0.8381 | 0.5333 | 0.2667
4. Unemployment level 0.2761 | 0.0000 | 0.4666
5. Natural growth (reduction) of population, persons 0.2187 | 0.0000 | 0.5625
1. Level of democracy, grade 0,0000 | 1,0000 | 0,8947
Institutional 2. Political_ rig_hts 1.0000 | 0,8000 | 0,6000
(C5) 3. Corruption index 0.0000 | 1.0000 | 1.0000
4. Bureaucracy 1.0000 | 0.9511 | 0.0000
5. Political stability and absence of violence 0.0000 | 0.0500 | 1.0000
Organizati- 1. Share of _enterpris_es that implemented innovations 0.4324 | 0.6714 ] 0.7010
onal (C6) 2. Level of information 0.3896 | 0.5687 | 1.0000
3. Level of awareness and upbringing society 0.3676 | 0.7279 | 0.8456
Source: calculated according to statistical data of Donetsk, Luhansk, Kharkiv, Zaporizhia regions.
Table 4 — Value intervals for the indicators of spaces
Indicators which characterize Indicator level
the impact on sustainable Ver . . Ver
develogment of the region Iov3/ Low satisfactory high hig?\l
X1 [0;0.2] [0.1;0.3] [0.25;0.5] [0.45;0.7] | [0.6;1]
Xz [0;0.3] | [0.35;0.53] [0.6;0.72] [0.7;0.83] | [0.8;1]
X3 [0;0.25] | [0.2;0.55] [0.45;0.65] | [0.65;0.85] | [0.9;1]
Xy [0;0.25] | [0.2;0.48] [0.4,0.65] [0.66;0.7] | [0.76;1]
Xs [0;0.03] | [0.25;0.45] | [0.38;0.45] [0.55;0.7] | [0.8;1]
Xs [0;0.14] | [0.12;0.2] [0.18;0.4] [0.3;0.8] | [0.69;1]
X7 [0;0.05] | [0.03;0.3] [0.25;0.5] [0.45;0.7] | [0.6;1]
Xs [0;0.25] | [0.3;0.43] [0.5;0.72] [0.6;0.83] | [0.8;1]
Xo [0;0.25] | [0.2;0.55] [0.45;0.65] | [0.65;0.85] | [0.9;1]
X1o [0;0.25] | [0.2;0.38] [0.35;0.48] [0.44;0.6] | [0.56;1]
X1 [0;0.3] | [0.2;0.45] [0.4,0.65] [0.6;0.85] | [0.8;1]
X1p [0;0.24] | [0.2;0.42] [0.5;0.6] [0.65;0.8] | [0.75;1]
Xi3 [0;0.2] | [0.18;0.35] [0.3;0.55] [0.5;0.78] | [0.75;1]
X4 [0;0.55] | [0.5;0.63] [0.55;0.72] [0.7;0.83] | [0.8;1]
Xis [0;0.25] | [0.2;0.55] [0.45;0.65] | [0.6;0.805] | [0.85;1]
X6 [0;0.25] | [0.2;0.38] [0.35;0.5] [0.54;0.76] | [0.73;1]
X1z [0;0.3] | [0.25;0.45] [0.4,0.65] [0.55;0.78] | [0.75;1]
X1 [0;0.14] | [0.12;0.32] [0.3;0.64] [0.6;0.78] | [0.7;1]
X9 [0;0.25] | [0.2;0.55] [0.45;0.65] | [0.65;0.85] | [0.9;1]
X0 [0;0.25] | [0.2;0.38] [0.35;0.58] | [0.54;0.76] | [0.86;1]
Xn [0;0.3] | [0.27,0.45] [0.4,0.68] [0.65;0.8] | [0.77;1]
X2 [0;0.2] [0.1;0.3] [0.25;0.5] [0.45;0.7] | [0.6;1]

Source: calculated by authors.
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Then fuzzy logic equations are used to
calculate the value of the output parameter for
fixed values of the input parameters. The
equations are obtained from fuzzy logical
statements, replacing the terms of the linguis-
tic variables with the corresponding functions
of affiliation, and the operations «and» and
«or» — with the operations finding minimum
(1) and maximum (») correspondingly.

As the result of working out the rules
and carrying out operations on fuzzy sets an
integral estimate of the impact of the enter-
prises’ investment activity on sustainable de-
velopment of the region, expressed by a clear
number, will be obtained. Based on the re-
ceived data the integral estimation of the im-

pact of the enterprises’ investment activity on
sustainable development of the region can be
concluded regarding the linguistic state of the
variable X; «Industrial production index» for
the activation of innovation activity of enter-
prises (very low, low, less satisfactory, high,
very high).

Figure 2 shows an example of the affili-
ation function xAl1-A6 (C) of the linguistic
variable X; «Investments in the economy of
the regiony.

It is necessary to classify the obtained
value of the level of sustainable development
of the region of the enterprises’ investment
activity according to the database (table 5).

Mombarship function plots

- ‘ |

Figure 2 — Schedule of the affiliation function for the integral variable Index of the impact of
the enterprises’ investment activity on sustainable development of the region

Source: calculated by authors.

Table 5 — The level of sustainable development of the region considering the impact of the
enterprises’ investment activity of Donetsk region

Value of the indicator | Calculated values of The level of sustainable development
Year | X, «Investments in the | the resulting integral of the region considering the impact
economy of the regiony indicator (YY) enterprises’ investment activity
Satisfactory level of sustainable develop-
2017 0,7661 0,62 ment of the region based on the invest-
ment activity of enterprises
Satisfactory level of sustainable develop-
2018 0,8306 0,64 ment of the region based on the invest-
ment activity of enterprises
Satisfactory level of sustainable develop-
2019 0,9113 0,69 ment of the region based on the invest-
ment activity of enterprises

Source: compiled by authors.
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The results obtained on the basis of the
developed scientific and methodological ap-
proach to modeling the impact of enterprises’
investment activity on the level of sustainable
development of the region show that in 2018-
2020 the level of sustainable development in
Donetsk region can be considered a satisfacto-
ry one.

The results of the modeling of the im-
pact of the enterprises’ investment activity on
sustainable development of the region has
shown that the application of the method of
fuzzy sets gives an opportunity to objectively
estimate the level of development, as it takes
into account qualitative changes and it allows
to identify the problem areas of the region’s
activity that require improvement or reform.

Conclusions. The study develops a sci-
entific and methodological approach to mod-
eling the impact of enterprises’ investment
activity on the level of sustainable develop-
ment of the region on the base of fuzzy logic
using the package Fuzzy Logic Toolbox of the
Matlab software.

The modeling of sustainable develop-
ment of the region with the enterprises’ in-
vestment activity is carried out taking into ac-
count the following spaces: economic, territo-
rial, administrative, demographic, institution-
al, organizational. Each of the above fields
can be assessed with application of indicators
that characterize the region’s peculiarities.

The suggested scientific and methodo-
logical approach to modeling the impact of
enterprises’ investment activity on the level of
sustainable development of the region allows:
to analyze quantitative indicators of compo-
nents, define the state and level of develop-
ment of each element, which significantly im-
proves the efficiency of the necessary organi-
zational support. This scientific and methodo-
logical approach does not involve establishing
a relationship between the factors and the final
variable from previous data. This function is
performed by a set of rules. Indicators can be
added to or excluded from the knowledge
base. It also provides clear and convincing
comparison results.

The practical implementation of the
suggested scientific and methodological ap-
proach to modeling the impact of enterprises’
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investment activity on the level of sustainable
development of the region was carried out on
the example of the Donetsk region. The results
of the study show that during 2018-2020 the
level of sustainable development of the Do-
netsk region based on enterprises’ investment
activity was satisfactory. But it should be not-
ed that there is a worsening in the value of the
indicator, which requires adjustment of strate-
gic guidelines for regional development. Pro-
spects for further research include the devel-
opment of an algorithm for the formation and
implementation of investment development
policy in the region.
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3aIisx, Kl QYHKIIIOHYIOTh Ha TEPUTOPIi ILOTO perioHy. JloBEACHO, 0 PiBEHb CTAIOTO PO3BHUTKY
PETioHy 3aJIeKHO BiJI IHBECTUIIHHOT aKTUBHOCTI MIJIPUEMCTB ypaXxoBY€e TaKi MPOCTOPH: €KOHO-
MIYHHA, TePUTOPIATbHAN, aJIMiHICTPAaTUBHUMN, TeMOTpadiqHuiA, IHCTUTYIIHHIIA, OpTraHi3aiiHIA.
KoxeH 13 HUX MOKHa OLIHUTH 3 BUKOPUCTAHHSAM TOKAa3HUKIB, SIKI XapaKTEpU3ylOTh OCOOIUBOCTI
PO3BUTKY PETIOHY.

MerToro cTatTi € po3poOsieHHsT HAyKOBO-METOAMYHOTO MiAXOIy 10 MOJEIIOBAHHS BIUIUBY
IHBECTHUIIIITHOT aKTUBHOCTI IMiITIPUEMCTB Ha PIBEHBb CTAJIOTO PO3BUTKY PETiOHY.

3arponoHOBAaHUH MiJIX1/] 10 MOJIETIOBAHHS BIUIMBY 1HBECTHLIHHOI aKTUBHOCTI MiJIPUEMCTB
Ha CTAJIMH PO3BHTOK PETIOHY Ja€ 3MOTY: MPOAHATI3yBaTH KiJIbKICHI MOKA3HUKH CKJIAJIOBHX €JIe-
MEHTIB, BU3HAYUTH CTaH 1 PiB€Hb PO3BUTKY KOYKHOTO OKPEMOTO €JIEMEHTa, 1[0 3HAYHO ITiIBUIITY€E
e(eKTUBHICTh (hOpMyBaHHs HEOOXIJHOTO OPraHi3aIifHOTO 3a0e31CUCHHSI.

Ha ocHOBi amapary HEYiTKOI JIOTiKH pO3pOOJIEHO i€papXidyHy MOJAEh OL[IHIOBAHHS PiBHS
CTaJIOTO PO3BUTKY PETIOHY 3 ypaxXyBaHHSM IHBECTHUIIIHOT aKTMBHOCTI MiANPHEMCTB, KA J03BO-
JIsi€e BUKOPHUCTOBYBATH €KCIEPTHY 1H(OpMAIII0 MPO 00’€KT JOCHIIKEHHS Y BHIJISAL JIOTTYHUX
MpaBWJI; CHHTE3YBAaTH KUIbKICHI MMOKa3HUKH B €IMHUN IHTETpAIbHUHN MOKA3HUK CTPYKTYPHHX €Jie-
MeHTIB cucTteMu. [lepeBaroo 3anpornoHoBaHOTO CrIOcO0y € HOro yHiBEepCalbHICTh BUKOPUCTAHHS.

TectyBaHHS 3aIIpOIIOHOBAHOT MOJIEINI OI[IHIOBAHHS BIUIMBY IHBECTHUIIIHOI aKTUBHOCTI MiJI-
NPUEMCTB Ha PiBE€Hb CTAJIOI0 PO3BUTKY PETIOHY MPOJEMOHCTPOBAHO Ha MpHKiazi JloHenbkoi 00-
nacti. BctaHOBIIEHO, IO PiBEHH CTAJIOTO PO3BUTKY PETiIOHY Ha OCHOBI IHBECTHUIIIHHOI aKTUBHOCTI
nignpuemcTB JloHenpkoi o6macti Bripogosxk 2018-2020 pp. € 3apoBinmbHUM. Pa3zoMm i3 TiM criocTe-
piraeTbcs MOTIpIICHHS 3HAYCHHS MOKa3HUKA, 10 MOTPedye KOPUTYBAHHS CTPATETiYHUX OPIEHTH-
PiB PO3BUTKY PETiOHY.

Knouosi cnosa: MonemoBaHHs, PErioH, CTIHKICTh, IHBECTUIIIHHA aKTUBHICTb, ITiITPHEMCT-
BO, PO3BUTOK.
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MOJIEJIMPOBAHME BJIMSIHUSI THBECTULIUOHHOM AKTUBHOCTH
NPEAIPUATUN HA YPOBEHb YCTOMYUBOI'O PA3BUTHUSA PETUOHA
C UCITOJIb30BAHUEM AIIIIAPATA HEUETKOM JIOT KA

B crarbe uccnenoBaHa CylHOCTb YCTOMYMBOIO pa3BUTHA pernoHa. OTMEUEHO, UTO €ro J0-
CTHKCHHE BO3MOXKHO IIPH YCJIOBUH MPOBEACHUS TpaHchopManuidi ¥ W3MEHEHUH Ha TpPeANpHUTH-
X, B YUPESKACHUAX, OPTaHU3AIMAX, (PYHKIIMOHUPYIONINX Ha TEPPUTOPUU ITOTO permoHa. Jloxa-
3aHO, YTO YPOBEHb YCTOMYMBOIO Pa3BUTHs PETMOHA B 3aBUCUMOCTH OT MHBECTHUIIMOHHOW aKTHB-
HOCTHU MPEANPUATUN YUUTHIBACT CIECIYIOIIME IIPOCTPAHCTBA: YKOHOMHUYECKOE, TEPPUTOPUAIIBHOE,
aJIMUHUCTPATUBHOE, AeMOrpa(uiyeckoe, MHCTUTYIIHOHAIbHOE, Opranu3annonHoe. Kaxnoe u3 Hux
MOXHO OLICHUTb C HCIOJb30BAaHUEM IIOKa3aTesled, XapaKTepU3YIOLUIMX OCOOEHHOCTH Pa3BUTHUS
peruoHa.
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Llenbto cTaThy sBIsETCS pa3paboTKa HAyYHO-METOAMYECKOTO MOAXO0AA K MOAEIUPOBAHUIO
BJIMSIHUSL MHBECTUL[MOHHON aKTUBHOCTH NPEAIPUATHH HA yPOBEHb YCTOMYMBOIO PA3BUTUS PETHO-
Ha.

[TpeniosxeHHbI NOAX0A K MOJAEIUPOBAHUIO BIMSHUSA NHBECTUIIMOHHOM aKTUBHOCTH IIpe-
NPUATHH Ha yCTOMUUBOE pa3BUTHE PETUOHA MO3BOJIET: IPOAHAIU3UPOBATH KOJINYECTBEHHbIE 110~
Ka3aTeJIl COCTABISIOIINX 3JIEMEHTOB, ONPEAEIUTh COCTOSHUE U YPOBEHb PA3BUTHUS KaKIOIrO OT-
JIENTBHOTO 3JIEMEHTA, YTO 3HAUYUTENIHHO MOBBIIIAET 3((HEeKTUBHOCTH (POPMUPOBAHUS HEOOXOAUMO-
T'O OPraHU3allMOHHOI0 00eCTIeYEHUs.

Ha ocHoBe anmaparta He4eTKOH JIOTHKH pa3paboTaHa uepapxuieckasl MOJIeNIb OLEHKH ypPOB-
HSl YCTOMYHMBOTO Pa3BUTHUS PETMOHA C y4€TOM MHBECTULHOHHON aKTUBHOCTH IPENIPUATHH, KOTO-
past O3BOJISIET UCIOIB30BaTh IKCIEPTHYIO HH(POPMALNIO 00 00BEKTe UCCIEOBAaHUS B BUJE JIO-
TMUYECKUX MPAaBUJI; CHHTE3UPOBATh KOJIMYECTBEHHBIE NIOKA3aTENN B €AMHBIA UHTETPAIbHBII MOKa-
3aTeNlb CTPYKTYPHBIX 3JIEMEHTOB cucTeMbl. [IpenMyiiecTBoM mpeangaraeMoro crocoda sBiseTcs
€ro YHUBEPCAIbHOCTb UCIOIb30BAHUS.

TectupoBaHue NPEJIOKEHHON MOJAENM OLIGHKHU BIMSHUS WHBECTUIIMOHHON aKTMBHOCTHU
OpeANpUsATHI HAa yCTOWYMBOE PAa3BUTHE PErHMOHA MPOJEMOHCTPHPOBAHO HA mpuMepe JloHenkoi
o0acTi. YCTaHOBJIEHO, YTO YPOBEHb YCTOWYMBOTO Pa3BUTHS PErMOHA HA OCHOBE MHBECTHIIMOH-
HOW aKTUBHOCTH mpennpusatuil JJonerkoii obimactu B teuenue 2018-2020 rr. sBnsercs ynoBiie-
TBOPUTENIbHBIM. BMecTe ¢ TeM HaOmrogaercst yXyAlleHHe 3HaueHHs IoKas3aTels, 4To Tpedyer
KOPPEKTUPOBKH CTPATETMYECKUX OPHEHTUPOB Pa3BUTHS PETHOHA.

Kniouesvie cnosa: MonenupoBaHue, PErMoH, yCTOMYMBOCTb, HHBECTULIOHHASI aKTUBHOCTD,
NpeAnpusITie, pa3BUTHE.
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