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The article is devoted to the study of the impact of socio-economic development
on the environmental safety of the territory. An analysis of scientific research on
the environmental safety of the region and the country was carried out, during
which factors of socio-economic development were taken into account. Socio-
economic development of the region is characterized by qualitative changes and
irreversibility, and as a complex and dynamic process by variability and
uncertainty in the future. Qualitative changes in the economy can negatively or
positively affect the level of environmental safety. It was determined that the
assessment of the environmental safety condition is an important scientific and
practical task, because global economic, social, political, climate changes, which
affected Ukraine as well, require new tools for economic management. This paper
offers a cognitive model for assessing the environmental safety condition of the
territory, which takes into account the impact of economic and social factors. The
procedure for building a cognitive model of the impact of factors on the
environmental safety condition of the territory consists of several stages: a factor
analysis of the impact of factors on the environmental safety condition is carried
out; the implication of the impact of factors on each other is determined; a cognitive
model of impact is built; the analysis of the model balance is carried out. This
approach for assessing the environmental safety condition based on the cognitive
modeling method can be applied in management decisions that relate to the
viability of introducing environmental protection measures at the state and regional
levels, since it allows you to quickly determine the current condition of safety,
taking into account socio-demographic and production factors and anthropogenic
environmental factors.

KOTHITUBHUM X OIIHIOBAHHS CTAHY EKOJIOTTYHOI BE3ITEKH TEPUTOPII
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CTarTs NpUCBSYEHA JIOCHI/DKEHHIO BIUIMBY COL[aIbBHO-CKOHOMIYHOTO PO3BHUTKY Ha
eKoJoriuHy Oesreky Teputopii. [IpoBeaeHO aHasi3 HAYKOBHX IOCIIDKEHb OO
EKOJIOTIYHOT Oe3MeKH PerioHy, KpalHW 3 ypaxXyBaHHSIM MOKA3HHKIB COIAIBHO-
€KOHOMIYHOTO  po3BUTKY.  ComiaJbHO-eKOHOMIUYHMH  PO3BHTOK  pETiOHY
XapaKTEePH3yEThCsl SIKICHUIMH 3MiHAMH Ta HE3BOPOTHICTIO, a SIK CKIaJIHHMI Ta
JIMTHAMIYHUH TPOLIeC MIHJIMBICTIO Ta HEBU3HAYEHICTIO CTaHy y MaiOyTHROMY. SIKicHI
3MiHH B EKOHOMIIll MOXYTb HEraTMBHO a00 IO3UTHBHO BIUIMBATH Ha DiBEHb
eKoJIoTivHOT Oe3mnexy. Bu3HaueHo, 1110 OLIHIOBaHHS CTaHy EKOJIOTiYHOI Oe3rexu €
BaXJIMBUM HAyKOBO-TIPAaKTHYHUM 3aBJaHHSAM, a/pke TIJ100ajbHi EKOHOMIuHi,
COLliaJIbHI, MOJITHYHI, KIIIMAaTHYHI 3MiHH, SKi He 00iiuUH i YKpaiHy, BUCYBalOTh
HOBI YMOBH TOCIOAApIOBaHHSA. B po0OTi 3alporoHOBaHO KOTHITHBHY MOJEb
OLIHIOBAHHS CTaHy eKOJIOTIYHOI Oe3leKH TepuTopii, SKa BPAaXxOBYe BIUIMB
€KOHOMIYHHUX Ta COLiaNIbHUX (hakTopiB. [Iponenypa noOymnoBr KOTHITHBHOI MOJENI
BIUIMBY (DaKTOPIiB Ha CTaHy EKOJIOTiYHOI Oe3MeKH TepUTOpii CKIaJaeThes 3
JIEKUIBKOX eTalliB: MPOBOAUTHCS (DaKTOPHMII aHami3 BIUIMBIB (pakTOpiB Ha CTaH
€KOJIOTiYHOT Oe3MeKH; BCTAHOBJIIOETBCS XapaKkTep BIUIMBY (AKTOpPIB OJMH Ha
OJHOTO; OYyIOyeTbCsi KOTHITMBHA MOJENb BIUIMBIB Ta 3IIHCHIOETBCS aHaui3 ii
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30aJIaHCOBAHOCTI. 3alpONOHOBAHMK MiIXiJ IJIsI OIIHIOBAHHS CTaHY EKOJIOTIYHOT
Oe3reKy Ha OCHOBI METO/ly KOTHITUBHOTO MOJICITIOBAaHHS MOXKe OYTH 3aCTOCOBaHMIA
y mpoleci MATPUMKH MNPUHAHATTS YHPaBIIHCHKUX PIlIeHb OO0 IOLJIBHOCTI
BIIPOBAPKECHHS NPHPOJOOXOPOHHUX 3aXO[iB Ha JIEP)KABHOMY Ta PETiOHAIBHOMY
PIBHSX, OCKUIIBKH JO3BOJIA€ ONEPATHBHO BU3HAYATH MOTOYHHKA CTaH Oe3meku, 3

BpaxyBaHHSIM

COIliaJIbHO-IeMOoT padiyHuX — Ta

BUPOOHMYMX  (akTopiB  Ta

AHTPONOTCHHUX YUHHHUKIB HABKOJIUIIIHBOTO cepeoBuIa.

Problem statement

Ukraine's significant natural resource potential is the key
element in securing economic development. The socio-
economic development of the territory is characterized by
aggregate changes in the socio-economic system (of the
district, region, and country), which shape, under the
influence of factors of the internal and external
environment, acting in time and space, the transition of the
system to a new qualitative and quantitative state [1]. The
process of socio-economic development of the region is
aimed at enhancing its economic potential, meeting
people’s needs, output growth, improving the
competitiveness of products and, ultimately, growth in
living standards for the regional population. In Ukraine,
the ecological situation is in crisis reflecting a high level
of anthropogenic pressure on the environment, i.e. the
impact of factors posed by any human activity on the
environment. That is why making strategic decisions in
managing the socio-economic development of the country
it is important to take into account the level of
environmental safety of the territory.

For the purposes of the study, environmental safety is
defined as "a condition of the environment which leads to
the prevention of the ecological situation deterioration and
of dangers to human health and safety” [2]. Assessing the
condition of the environmental safety of a territory, it is
necessary to comply with many factors which determine
it. Using the tools of economic and mathematical
modeling allows us to solve this problem.

Analysis of latest researches and publications

The works of many scientists are devoted to general issues of
environmental safety, in particular, 1. K Bystriakova,
0. O. Veklych, Z. V. Herasymchuck, S. M. lliashenko,
0. V. Prokopenko, I. M. Syniakevych, Ye. V. Khlobystov
and others.

Z. V. Herasymchuck proposed the mechanism for
diagnosing and determining the level of ecological
development of the region [3]. The researcher
substantiated  the  methodology  for  assessing
environmental risk in the region.

Threats to environmental safety within the national safety
system of Ukraine are considered in the works of
T. P. Kazachenko [4], M.1. Sokur and others. According
to T.P. Kazachenko, the global problem of mankind is the
ecological crisis, which mirrors differently in each country
depending on the level of socio-economic development.
The researcher determines how negative environmental
changes affect the nation’s health and the well-being of the
country.

A fundamental research of the anthropogenic impact on
the Environmental safety condition of territory is
presented in the monograph by M.1. Sokur and co-authors
[5]. Scientists proposed and substantiated measures to
solve the environmental problems of the region, analyzed
the issue of processing industrial waste and suggested for
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industrial  enterprises  directions  for
environmental  marketing, taking into
anthropogenic and social factors.

A. V. Prokopenko in his works defined the relation
between environmental safety and marketing [6]. The
author grounded the concept of environmental marketing
in the context of sustainable development, analyzed trends
in the development of environmental marketing and
defined the role of the condition in this process.

The problem of the ecological component in socio-
economic development is studied in the works of:
M. 1. Nizhny, B. M. Danilishin, A. B. Kaczynski,
I. S. Murashko, A. V. Shkarupa, M. I. Khylko and others.
The authors use various approaches to assess environmental
safety, in particular, probability methods, statistical analysis,
scenario approach, simulation modeling, etc.

Environmental safety, according to A. B. Kachynski [7],
is defined as the opposite condition of danger, the
quantitative measure of which is risk. The researcher
proposed to assess the risk of danger as a vector value of
damage that may occur in the event of a threat.

I. S. Murashko [8] identified the principles of sustainable
development, which should be aimed at establishing long-
term, potential and short-term goals of the region,
comparing the goals and objectives of each development
subject not only with the availability of resources, but also
with the principle of resource conservation and rational
use of resources as a mandatory condition for achieving
sustainable development region.
The problems of environmental safety as protection of the
vital interests of individuals, society and the country from
an excessive threatening danger are studied in the works
of M. I. Khylko [9].
The researchers highlighted various aspects of
environmental safety, however, among them there is no
agreed opinion on the environmental safety assessment
within a territory, therefore this issue is still relevant,
which determined the choice of the research topic.
Statement of purpose

The purpose of the study is to develop a cognitive model
for assessing the environmental safety condition, taking
into account factors of the socio-economic development
of the territory.

Presentation of basic material of the research

On the one hand, socio-economic development leads to
economic growth, an increase in the standard of living of
the population, and on the other hand, if low level of use
of resource-saving, environmental technologies, a high
level of anthropogenic impact, the formation of a large
volume of production and consumption waste (at a low
level of their processing, reuse, disposal), contributes to
the growth of threats to environmental safety, which
negatively affects the socio-economic situation within the
territory. To assess the environmental safety condition,

improving
account
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taking into account the impact of socio-economic factors
on the environment, the method of cognitive modeling
was applied. The building of a cognitive model as a graph
is carried out in stages: formation of a list of graph vertices
- system elements that are important from the point of
view of the problem under study; the formation of graph
arcs - the establishment of relations between elements;
graphical representation of the graph; highlighting target
factors; determination of leverage; analysis into the effects
and balance of the model; analysis of the results obtained
and formulation of proposals for management decisions.

The proposed procedure is applied to assess the
environmental safety condition in Ukraine. So, at the first
stage of assessing the condition of the ecological safety of
the territory, a factor analysis of the impacts was
conducted, that is, the factors and the nature of the impact
(stimulating or de-stimulating) were determined. At the
next stage, a cognitive model of the influence of factors on
the resulting indicator as a signed graph was built [10].
What is more, the vertices of the graph are elements of the
system (factors) which are important from the point of
view of the problem under study. The relationships
between the vertices are reflected by arcs that determine
the nature of the impact:
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- stimulating impact (solid arc) indicates a direct
relation between the vertices (the growth of the factor
from which the arc exits leads to an increase in the factor
into which it enters)

- de-stimulating impact (dotted arc) indicates an inverse
relation between the factors (the growth of the factor from
which the arc exits leads to a decrease in the factor into
which it enters).

In addition, a target factor was determined: changing it in
the desired direction is the goal of management and
leverage: those factors which value we can change and
thereby influence the target factor. As a target factor in the
cognitive model, we propose to use a qualitative indicator
"Environmental safety condition" (v1), which can take the
following values: unsatisfactory, satisfactory and high.

As a result of the analysis of socio-economic factors that
affect the environmental safety condition of Ukraine, three
groups of factors were determined: socio-demographic
(characterizes the social and demographic component),
production (characterizing the production process),
anthropogenic environmental factors (characterizes the
impact of human activities on environment). The list of
factors, their coding as the vertices of the cognitive model,
and the type of impact on the environmental safety
condition of the territory are shown in Table 1.

Table 1 Factors affecting Ukraine’s environmental safety: coding and type

Type of factor Notation Factor Type of factor

Socio-demographic V2 GDP per capita stimulating
factors V3 Household income stimulating

V4 Public health de-stimulating
Production factors Vs Depreciation of fixed assets de-stimulating

Ve Eenergy intensity of production de-stimulating

V7 Renewable energy consumption stimulating
Anthropogenic Vg Environmental protection costs stimulating
environmental factors Vo Emissions of pollutants de-stimulating

V1o Total waste generation de-stimulating

Source: written by authors.

The cognitive model of assessing the environmental safety condition of Ukraine is presented in Fig.1.
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Figure 1 — Cognitive model of factors which impact on the environmental safety condition of the territory

Source: written by authors

These factors directly or indirectly impact on the
environmental safety condition of the territory. By indirect
impact we mean the influence that is determined by
several arcs, for example, the relation between the vertices

vzand vi can be both direct (path: v.—* 5 v;), and indirect

(path: V= Vs ——> V1 O Vo——>V3 Vs

V1).

At the next stage of assessing the environmental safety
condition of the territory, a statistical analysis of the
balance of the cognitive model was carried out according
to the method proposed by A.P. Kuznetsov [10].

The static analysis of the cognitive model is carried out

using the indicator of total impact of the | factor on the
j factor (Sij ), and the notation of consonance (Cij ),
which is a measure of the di_fference between the positive
and negative impact of the | factor on jfactor [10].

The consonance (Cij) of impact of the | factor on the ]

factor is determined by the ratio:

- — N
Cij =¥, (1)
ij

Where Sij - the total impact of the | factor on the ]

factor, Sij = p” + nij;
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pij - the total positive impact of the | factor on the ]
0 (m) (m)
— m

factor, Pjj = mE_lf (MEj™ . E{™ - the number of

the positive (strengthening) paths of the length m;
nij - the total negative impact of the | factor on the |

o0

factor, Nj; = > f (m)Ii(jm), Ii(jm) - the number of
m=1

negative (stabilizing) paths of length m;

f (m) - monotone decreasing function of the path

length M, which determines the degree of weakening
impact on the route from the | factor to the j factor.

It is considered that the greater the value of the
consonances, the more definite the impact of the | factor

on the | factor. IfCij < 0, then an increase of the I

factor leads to a decrease of the | factor, ifCij >0 , then
an increase of the | factor leads to an increase of the J

factor, and if Cij =0, then change of the | factor does
not impact on the change of the | factor.

The analysis of the cognitive model of the impact of
factors on the environmental safety condition of the
territory makes it possible to determine the impact of the
selected factor on the resulting indicator. For example,
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consider the impact of the "GDP per capita” factor, the
vertex Vv, on the target factor “Environmental safety
condition”, the vertex vi. The existing paths from
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the"GDP per capita” factor to the “Environmental safety
condition” factor are displayed in the table 2.

Table 2 Path from the “GDP per capita” factor to the “Environmental safety condition”

Path length (M) Path Path characteristics
m=1 V2——V1 strengthening
m=2 e e strengthening
VoV strengthening
Vo—F svg—F v strengthening
m=3 Vv — v —— strengthening
Vo VgV stabilizing
Vo Vs Vg stabilizing
Vo VsV — vy stabilizing
Va5 ———>Vg——>V; strengthening
Vo Vg — v — vy strengthening
VoV Vg — >V stabilizing
Vp— Vg VgV, strengthening
Va— Vg Ve—— v strengthening
m=4 VoV Vg Vg vy stabilizing
Vo Vs v gy strengthening
Y stabilizing
Vo Vg Vg — v —— vy strengthening
Vg Vg Vip———>Vg——> Vs strengthening
m=5 Vp > Vg >V > Vg — > Vg ——> ;. stabilizing

Source: written by authors.

It is worth noting that the longer the path, the weaker the
impact, so the impact of the "GDP per capita™ factor on
the "Environmental safety condition" factor was
calculated from the assumption that f (m) - monotone

. . 1
decreasing function, f(M)=-—. Then the total
m

positive impact is equal to:

Py =1+ g + g + % ~4,92: the total negative

impact — is equal to: Nyq = g + % + % ~2,03.

The total impact is respectively equal to:

So1 = 4,92 + 2,03 = 6,95 So, the consonance of

the impact of "GDP per capita” on the "Environmental

safety condition” is determined by the ratio:
021:M:0,416.
' 6,95

Since P71 > Nyq, then we can conclude that the

positive impact of GDP per capita on the Environmental
safety condition is greater than negative, and the
consonance value (c21) indicates that such an impact is
sufficiently definite.

The calculated values of consonance indicators in the
cognitive model of factors which impact on the
environmental safety condition of the territory are
presented in Table 3.
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Table 3 The value of consonance indicators in the cognitive model of the influence of factors on the state of ecological

safety of the territory
Consonance values Interpretation
¢31=0,33 positive impact, the relation is sufficiently definite
ca1=-1 negative impact, the relation is strong
¢51=-0,36 negative impact, the relation is sufficiently definite
c61=-0,22 negative impact, the relation is insufficiently definite
¢71=0,55 [O3UTHBHUI BIUINB, the relation is sufficiently definite
cs1=0,4 [O3UTHBHUI BIUINB, the relation is sufficiently definite
co1=-1 negative impact, the relation is strong
c101=-1 negative impact, the relation is strong

Source: written by authors.

As a result of the analysis of consonances absolute values
of the cognitive model it is possible to conclude that the
greatest impact on the environmental safety of the territory
is imposed by the following factors: public health,
emissions of pollutants, waste generation; the least impact
is imposed by energy intensity of production.

Conclusions
So, environmental safety is the subject of many scientific
studies not only of domestic but also of world politics. The
environmental safety condition of a territory depends on
the level of economic development. The authors proposed
to determine the environmental safety condition of
Ukraine through the prism of socio-economic
development using the method of cognitive modeling.
Thus, on the basis of the consonances values of the
cognitive model, it has been proved that the following

factors have a negative impact on the environmental safety
condition: public health, emissions of pollutants, waste
generation; the least impact is imposed by energy intensity
of production.

The proposed approach for assessing the environmental
safety condition based on the cognitive modeling method
can be applied in management decisions that relate to the
viability of introducing environmental protection
measures at the state and regional levels, since it allows
you to quickly determine the current condition of safety,
taking into account socio-demographic and production
factors and anthropogenic environmental factors. The
prospect for further research is the development of a
methodology for a quantitative assessment of the
condition of the environmental safety of the territory.

9.
10.
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