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METHODOLOGICAL PRINCIPLES OF FORMING SOCIO-ECONOMIC
SECURITY OF ENTERPRISES OF THE REGION

Purpose. To form and scale up the system of principles that compose the methodological principles of shaping the
socio-economic security of enterprises of the region.

Methodology. The study used the methodological principles of complex production systems, methodology for
developing multifactor models, system multifactor analysis, methods of structural synthesis.

Findings. A multifactor economic and mathematical model was developed resulting in analyzing the factorial in-
fluence of the innovation and investment component upon the gross regional product. The system of principles that
compose the basis of the methodological principles of shaping the socio-economic security of enterprises of the re-
gion was analyzed.

Originality. The methodology for forming the socio-economic security of enterprises of the region has been fur-
ther developed. It has been proposed to include a background regularity or a background principle that is universal in
nature into the system of principles. The reasonability of applying multifactor modeling in the shaping of the socio-
economic security of an enterprise has been determined.

Practical value. The developed multifactor mathematical model in the form of a statistical multiplicative model
afforded an opportunity to study the influence of individual components on the socio-economic security of enter-
prises in the region and to indicate ways to increase it, relying on the influence of these components. Consideration
of the background as an attribute of the system ensures the functioning of the laws of composition of system relations.
It is the region that can serve as the background in which an enterprise operates where multidimensionality of contra-

dictory influences operates.
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Introduction. The rapid development of the econo-
my is declarative of the emergence of new issues for the
activities of enterprises. The formation of the external
environment with reference to enterprises stimulates the
activation of the principles of a systems approach for the
sake of supporting fundamental properties within speci-
fied boundaries. Studying the enterprise as a complex
economic system, we can make mention of the follow-
ing: the accommodation of complex economic and pro-
duction systems is represented in the change in the
functioning of the system under conditions of environ-
mental instability. Currently, the touchy situation in
Ukraine significantly affects the processes of determin-
ing the ratio of the effective development of enterprises
and the economic development of regions. Correspond-
ingly, determining the viewpoints of stabilizing the so-
cio-economic development of regions involves the acti-
vation of legislative activity. This confirms the relevance
of the issue of forming regional development on the ba-
sis of the socio-economic security of enterprises. An im-
portant task is to increase the efficiency of the national
economy, which has a significant impact on the devel-
opment of regions, which in its turn requires stabiliza-
tion and an increase in the level of socio-economic se-
curity of enterprises. Let us focus our attention on the
fact of establishing the principal commonness of com-
plex dynamic systems and the unity of the laws of their
functioning. This equates to not only conscious ap-
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proach to their study at a general theoretical level, but
also a search for and application of the useful analogies
and system isomorphisms. Let us make reference to the
fact that in complex systems, it is not the material, but
the information component that comes to prominence,
which takes into consideration the qualitative, in fact,
unique characteristics of both individual elements and
the relationships between them. The study of stable
states shows that an object, a system (enterprise, city,
region, country) is the more stable, the greater the adap-
tive capabilities they have.

The essential parameters of such a complex econom-
ic and production system as an enterprise are the estab-
lished characteristics of its functioning, namely: profit,
profitability, output volume, sales volume, payroll, cost
of production, etc. The systematic research on the for-
mation of socio-economic security of enterprises in the
region currently requires further development of the rel-
evant methodological principles. One of the main prin-
ciples of socio-economic security of enterprises is the
principle of optimality. Up-to-datedness requires enter-
prises to build up their potential and ensure the condi-
tions for competitiveness. This leads to a discussion
among scientists on the conceptual provisions of socio-
economic security of enterprises. The need for such a
concept will make it possible for scientists to determine
the range of problems and their implementation in the
area of the security component of the enterprise. The
definition of such a component contains both a scien-
tific component and areas for practical implementation.
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It is worth pointing out that the formation of socio-
economic security of enterprises in the region is condi-
tioned by a number of circumstances. First, under the
conditions of instability of the external environment,
increasing cost of resources, interruption of logistics
chains, enterprises are faced with the task of ensuring
socio-economic security, which is a significant tool for
improving performance indicators, and also contributes
to their sustainable development. Secondly, enterprises
are characterized by the inefficiency of organizational
and economic management mechanisms, focus only on
the growth of financial indicators without taking into
consideration the social component, as well as the non-
availability of approaches and methods for assessing the
state of socio-economic security, which limits the ability
to timely identify risks and determine development ar-
eas. Thirdly, the ill-preparedness of enterprises to im-
plement electronic services, digital platforms for the
purpose of digitalization of management decisions or
their slow use causes risks of financial costs, reduced
competitiveness at the regional level, in the internation-
al market, which confirms the expediency of forming
socio-economic security. Against this background, the
formation of conceptual provisions of socio-economic
security of enterprises is an implication for the develop-
ment of enterprises, ensuring the stability of their func-
tioning, and increasing profitability.

Meantime, in the aspect of forming conceptual pro-
visions of socio-economic security of enterprises, an ef-
fective security component is of great importance, which
ensures resilience to external challenges. It is the combi-
nation of these methodologies that is the basis for syn-
ergy in the further development of methodological prin-
ciples for the formation of socio-economic security of
enterprises. It is advisable to include the background
principle when determining the methodological princi-
ples for the formation of socio-economic security of en-
terprises in the region. The background pattern, or back-
ground principle, is universal, general in nature and is
widely used in technology, biology, medicine, meteorol-
ogy, socio-economic environment, etc. The background
is an attribute of the system, as the background of the
system, stable processes often act, ensuring the function-
ing of the laws of composition in relation to the system.
It is the region that can serve as the background in which
the enterprise operates, where the multi-vector nature of
regulations and legislative acts that contradict each oth-
er, the invasion of the external environment, operates.

Analyzing the enterprise as a system, contradictions
between the external and internal environment are dis-
tinguished. Within the framework of the formation of the
internal environment, under the influence of external
influences, a new structure of consumers is formed, the
economic component and legal relations undergo
changes. When affected by the growing competition, the
enterprise forms new internal transformations. In its
turn, internal transformations of the system stimulate
managers to look for new forms and methods of manage-
ment. The process of effective enterprise management
shall take into consideration all the risks and threats that
are influenced by the external aggressive environment
[1]. The essential complications of managing large pro-
duction and socio-economic systems are the emergent
system-specific properties. It is possible to identify, re-

search, and quantify such features on the basis of statisti-
cal analysis. It is worth pointing out that the socio-eco-
nomic security of an enterprise is a universal category.
Consequently, there is a worthwhileness of further devel-
opment of methodological principles for the formation
of socio-economic security of enterprises in the region.
Literature review. The field of research on the socio-
economic security of enterprises is not neglected by
practicing scientists. Multi-vector and multi-aspect sci-
entific publications contain significant informative and
scientific potential. Analyzing scientific research in the
area of forming the socio-economic security of enter-
prises in the region, one may note that researchers carry
out in-depth analysis at all levels — state, regional ones.
The author-scientist Yevsiukov O. P. studied the essence
of state mechanisms of socio-economic security, its im-
provement under the conditions of globalization pro-
cesses [2]. Socio-economic security at the regional level
was studied by Petrenko N. O., Polishchuk O. A. Scien-
tists focused their attention on the specifics of the devel-
opment of the economic security of the region. It is
worth mentioning that the improved methodology of
“...assessment of the level of regional economic securi-
ty, which includes a system of basic criteria-indicators
that make it possible to quantitatively determine the
level of economic security of the region...” [3]. It is im-
portant to notice that undoubtedly significant research
by scientists concerns the regional level and cannot be
fully applied to the security component of the enterprise
[3]. Ivanova N. S. diligently analyzes the indicators of
socio-economic development of regions. The specificity
of this study is the review of a significant amount of sta-
tistical information. The scientist constructed regional
clusters and analyzed the dynamics of the development
of the relevant indicators [4]. Scientists also paid atten-
tion to studies on the essence and content of the defini-
tion of “economically secure”. Thus, Romanovska Y. A
in her studies defines the role of the category of socio-
economic security. Its content is deepened in terms of
the number of features taken into consideration. The
scientist notes the expediency of considering socio-eco-
nomic security according to the hierarchy — state, re-
gion, enterprise [5]. Practitioner scientists Kozachen-
ko H. V., Onyschenko S. V., Zavora T. M. draw attention
to the need to improve the methodology for assessing
the regional aspect of socio-economic security. The au-
thors note “...assessment of the socio-economic secu-
rity of the region is based on the provisions of the con-
ceptual and protective approaches to determining its
status and nature...” [6]. A distinguishing feature of the
scientific research of scientists is the definition of indi-
cators that characterize not only quantitative factors, but
also subjective content. The principles are determined,
according to which an algorithm for assessing socio-
economic security at the regional level is proposed [6].
It is beyond argument that the regional level of econom-
ic security is of paramount importance, but it should be
noted that the well-being of regions is affected by the
efficiency of enterprise activity. Authors Kopytko M. 1.,
Malanchuk A. M. using certain research methods iden-
tified “...the essence of the socio-economic security of
an enterprise taking into consideration current trends
and features of development...” [7]. The scientists have
investigated and identified the parameters of influence

ISSN 2071-2227, E-ISSN 2223-2362, Naukovyi Visnyk Natsionalnoho Hirnychoho Universytetu, 2025, N° 6 229



on the level of socio-economic security of an enterprise.
The activities of enterprises in the period since 2014
have been analyzed. Attention was focused on the con-
sequences of the negative impact of the pandemic and
hostilities within the territory of the state [7]. A new view
is suggested on the formation of a synthesized security
level that covers the entire hierarchy — state, region, en-
terprise. The team of authors Cherchyk L. M., Kolen-
da N. V., Matvijchuk N. M. and others developed “...
conceptual principles of socio-ecological and economic
security of micro-, meso-, macro-level objects...” [8].
The elements of the structure of the proposed system are
accentuated and characterized [8]. Authors Zavo-
ra T. M., Ushakova Yu. S. draw attention to the diversity
of approaches to the essence of the concepts of econom-
ic and social security of enterprises. Their categories are
analyzed, and the author’s approach to formulating the
essence of the concepts of “socio-economic security” at
the enterprise level is proposed [9]. The scientific work
of Smirnaia S. M. stands out for its thoroughness. It is
proposed to specify the thoroughness of the category of
enterprise security from the point of view of “...a new
category of economic security science...” [10]. The so-
cial component of enterprise security in the structure of
sustainable development is emphasized. The author re-
veals the dialectical relationship between the concept of
sustainable development and the socio-economic secu-
rity of the enterprise [10]. The author’s research by Zi-
brova O. V. also summarizes the social significance. The
author analyzes social security and the influence of vari-
ous ownership entities on it. Ethical principles are pro-
posed as an element of increasing social security [11].
Cherep O., Olejnykova L., Bekhter L., Dubinina S., Ly-
schenko, O. propose to expand the security issue and
consider it through the spectacle of business processes.
The scientists form a new view supplementing the meth-
odology of research on the socio-economic security of
enterprises [ 12]. Scientists Pushak Yu., Lahodyenko V.,
Basiurkyna N., Nemchenko V., Lahodyenko N. con-
ducted a study of economic security at enterprises of the
agro-industrial complex. The scientists proposed a
model, the parameters of which are quantitative indica-
tors of the enterprise’s activity. Analysis of the model
makes it possible to calculate the levels of economic se-
curity of enterprises of the agro-industrial complex. The
authors experimentally applied the obtained model cal-
culations at enterprises of Eastern Europe [13]. Scien-
tists Kolodiazhna I. V., Bukrina K. A. investigated the
connection between the concepts of security in general
and economic security in particular. A range of issues
regarding increasing the economic security of an enter-
prise at the levels of the hierarchy of macro-, meso- and
micro-levels has been identified. The authors logically
link the efficiency of an enterprise’s activities with en-
suring its economic security. It is worth pointing out
that in their conclusions the authors do not pay atten-
tion to the social component, which in a peculiar way
narrows the practical significance of the study [14]. The
importance of studying the impact of the efficiency of an
enterprise’s activities on socio-economic security is pre-
sented in the thorough work by the authors of the col-
lective monograph [15]. A deep, comprehensive analysis
of the activities of Ukrainian enterprises provides an op-
portunity to highlight aspects of the impact of each

component on ensuring socio-economic security. Au-
thors Prystems’ky; O. S., Hryvkivs’ka O. V.,
Sakun A. Zh. consider the economic security of enter-
prises as far as the categories of economic theory are
concerned. The scientists pay special attention to the
regulatory framework for ensuring the economic secu-
rity of an enterprise. It is accentuated that the parame-
ters of economic security should be presented in the fi-
nancial state indicators [16]. Scientist Tsiutsiupa S. V.
links the aspects of forming the economic security of an
enterprise with competitiveness. It is suggested to con-
sider the competitiveness of an enterprise as a compo-
nent of its economic security [17]. The attention is
drawn to the analysis and division of threats according
to the life support of the enterprise [17]. Arkhypen-
ko T. A., Ivanova M. 1. underline the need for a more
well-grounded approach to the formation of a categori-
cal apparatus regarding the essence of managing the
economic security of an enterprise. The authors deem
appropriate to unify this category and propose the au-
thor’s definition of “...effective use of resources in the
formation of competitive advantages under changing
conditions...” [18]. The priority side of the structural
unit of the enterprise for eliminating threats to the inter-
nal and external environment [18]. Author
Sosnovs’ka O. O. analyzes the methodological approach
to assessing the level of economic security of enterprises
in an integrated manner. The author relies in her re-
search on the concepts in the economic security science.
An algorithm for constructing an integral indicator for
assessing the level of economic security of enterprises is
proposed. The practical significance of the results ob-
tained is mentioned, which gives grounds for the scien-
tist to assert the universality of the proposed approach
[19]. Generalization of the methodology for assessing
the level of economic security of an enterprise is deter-
mined by Shilo Z. The scientist, analyzing scientific lit-
erary sources, focuses on a significant number of exist-
ing methodological approaches to determining the as-
sessment of the economic security of enterprises, which
differ in complexity and informativeness. As a conse-
quence, the author finds it expedient to classify and sys-
tematize existing methods. The stages of such systemati-
zation are highlighted [20]. Such a generalization is pro-
posed by Tkachenko T. P., Hrechko A. V. The authors
suggest an indicative approach in the formation of the
assessment of the security components of the enterprise
activities on a reasonable basis. Highlighting the eco-
nomic and mathematical approach in ”designing mod-
els of the behavior of the economic security system of an
enterprise”, they focus on the worthwhileness of “...
continuous monitoring of factors for identifying eco-
nomic threats...” [21]. Authors Cherep A., Dashko 1.,
Ohrenych Yu. place greater focus on the worthwhileness
of digitalization of business processes at enterprises. It
has been proved that digital technologies significantly
affect the socio-economic security of enterprises. The
study analyzes the systemic features of the functioning
of mechanisms for ensuring socio-economic security
[22]. The studies by Beridze T. M, Buhra A. V., Bonda-
renko O. O. are devoted to the security component of
the enterprise in the area of ensuring their effective ac-
tivity. The authors analyze the conditions for the stable
functioning of enterprises in the regional aspect [23]. It
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is important to note though, that the team of authors
Cherep A., Voronkova V., Cherep O., Ohrenych Yu.,
Dashko I., Kotliarov V. explored the issue of the impact
of the use of artificial intelligence on the state of socio-
economic security of Ukraine as an entry condition for
ensuring sustainable development, increasing the level
of security [24].

The conducted analysis of scientific views on the is-
sue of methodological principles for the formation of
socio-economic security of enterprises in the region af-
fords grounds to take up the position of the multi-vector
nature of existing scientific research. A significant num-
ber of scientific publications are devoted to improving
the essence and content of the concept of “economic
security”. What is important to notice is that insufficient
attention is paid to the social component of security,
which complicates the generalization of approaches and
the formation of methodological principles. It must be
taken into account, that modern realities cause changes
in the conditions of enterprise activity, namely the influ-
ence of the regional component. This requires new ap-
proaches, and nonetheless further development of
methodological principles for the formation of socio-
economic security of enterprises in the region.

Unsolved aspects of the problem. The development of
regions is associated with the development of relevant
enterprises. The changing external environment requires
adaptation and consistency of enterprise performance
indicators to external and internal challenges. Such ad-
aptation involves the formation of a security compo-
nent. Systematic research involves the application of ap-
propriate methodological principles. Further develop-
ment of methodological principles for the formation of
socio-economic security of enterprises in the region is
relevant, which involves clarifying and supplementing
the principles of research on such issues.

The purpose of the article is to form and scale up the
system of principles that make up the methodological
principles for shaping socio-economic security of enter-
prises in the region.

Methodology. The socio-economic security of enter-
prises in the region under current conditions is of partic-
ular importance in consideration of the difficult econom-
ic situation of the state. In its turn, the rapid development
of IT technologies and applied mathematical methods
based on them provide with the freedom to move to the
latest methods of economic and mathematical modeling
in general and socio-economic security of enterprises in
the region individually. The application of appropriate
methods confers the possibility for an adequate study of
the functioning of enterprises in the region, taking into
consideration the most significant relationships. In ac-
cordance with the improved methodological principles
of the formation of the socio-economic security of enter-
prises in the region, the background principle assumes
consideration of the relationship between the external
environment and the object of research. The systematic-
ity defines the relationship as a factorial relationship be-
tween the external environment, the region and the en-
terprise. There are good reasons to apply the background
principle to each individual region, taking into account
its respective peculiarities. Consideration of the factors of
innovativeness and investment can be considered rele-
vant for each region of the state. In view of the above, it is

expedient to use the methodology for constructing a
multifactor mathematical model. Factorial relationships
in the formation of the socio-economic security of enter-
prises in the region should be determined by innovative-
ness and investment. These factors most significantly re-
flect the socio-economic factorial relationship between
the enterprise and the region.

Results. Thus, according to the method of construct-
ing a multifactor model, we have function F that con-
nects the value of the gross regional product (GRP) Q,
which is the output variable, with its input

4=(4,,9,,.---9,) — a vector of individual components
that affect the value of GRP

0=F(). ey

It is clear that many factors affect the formation of
the GRP value. The action of the relevant factors varies
in their impact on the GRP value. Thus, to develop a
mathematical multifactor model of socio-economic se-
curity, it is necessary to take into consideration not only
the factors themselves, but also the degree of influence
of each factor on the GRP value. According to the gen-
eral approach to developing a mathematical model of
the object under consideration, it is necessary to carry
out structural construction of the model at the first
stage. This stage involves processing the form of F de-
pendence regardless of the values of the corresponding
parameters. Let us perform, relative in some specified
sense, the following operation: we “split” model F and
the corresponding structure St and ¢y, ¢, ..., ¢, parame-
ters, which made it possible to display the model in the
form of a pair

F:<St,€>, ()

where C =(k,c,,c,,...,c,) is a vector of model parame-
ters.

The stage of structural synthesis involves the forma-
tion of the structure St of the model. The quantitative

values of the indicators of C vector are not significant at
this stage. The general understanding of the structure of
the model is as a set of elements and the relationship
between them. Finally, the theoretical and practical ap-
plication of models differs in numerical structures.

GRP Q analysis as a multifactor model depending
on the magnitude of its components ¢;, (i = 1, 2,..., n)
shows that the structure of this model (1) can be repre-
sented as a static and multiplicative one.

In this case, the model can be represented as

O=k-qi" g5 ...qy, )
or in rolled up form

O=k-[]a" “)
i=1

The determination of the values of the parameters k,
¢y, ¢, ..., C, 1S NOt important, the type of dependence is
important, that is, the multiplicativity of the structure
St. Thus, we emphasize the identification stage. This
stage involves determining the model parameters.

Let us determine the content of parameters ¢, ¢,, ...,
¢, inthe model (4). If parameter ¢;= 0, then the compo-
nent g, is not taken into consideration.
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To find out the content of parameters c; we take the
logarithm of (4) and calculate the partial derivative with
respect to the variable g;

100 ¢
Qdqg; g

Thus, according to formula (5), the value of the pa-
rameter ¢; determines the sensitivity of the GRP value Q
relative to the component g;, that is, how much the value
of the component g; affects the GRP value Q.

The next stage of model synthesis is to determine the
numerical values of the model parameters
C=(k,c,cy,...,C,).

Let us consider a model of an object characterized by
an input and an output. Consequently, we emphasize
the information that is necessary to identify St structure,
QO(?) output and, accordingly, the functioning of the ob-
ject g(t) under actual conditions.

So, we emphasize the two

1) =(3(1);0)). (6)

Establishing quantitative values of model (4) param-
eters is reduced to determining the parameters

C =(k,¢;,¢y,-.,¢,) from the initial data (6), i.c.
C=o(St,1), (7)

where ¢ is the identification algorithm that determines

(&)

how to find parameters C =(k,c,,c,,...,c,), knowing St
and /.

Given that static model (4) is considered, there are
good reasons to use a non-adaptive identification algo-
rithm to establish the values of the indicators. In this
event, the initial data take the form (7). According to the
non-adaptive identification algorithm, it is necessary to
substitute data (7) into formula (4). As a result, we ob-
tain a system of N equations with the » unknowns

s P < TN S, .
k-a\ a1 =0
R Y, Y o I
k iy 49, - qn,z—Qz,
N Y T -
k-q'y a4y -,y =0

which is convenient to write in the form

k~Hqﬁ',:Q,, (=12,..,N). (8)
i=1

Consequently, the problem of non-adaptive deter-
mination of stable model (4) is reduced to solving equa-
tions (8).

If the system of equations is inconsistent, then the
method of least squares is applied, that is, the total value
of the disparity is minimized — the error of the right and
left parts of the equations of the specified system. For
this purpose, we form the function of the total discrep-
ancy, represented as

2
N n
F(k,cl,cz,...,c”):Z{k-anj,—Q,} . )
[ I

Function (9) is integral and equals zero when the
right-hand side is equal to the left-hand side of the de-
fined equations (8). It will be understood that the closer
the right-hand sides of the system equations are to the

left-hand sides, the smaller the value of the discrepancy
function. The set forth above is the basis for the solution
of system (8) to consider the parameters as

Cr=(k*\c!\Chs . Cl), (10)
whose value minimizes the residual function (9)

F(k*,cl,c5,....c;) = . min F(k,c,c,,...,c,).

1C15CysensCy
Consequently, to solve the above system of equations
(8), it is sufficient to minimize the total error function
9).
To simplify the calculations, it makes sense to take
the logarithm of function Q. As a result, formula (4) will
be written as (11)

InQ=Ink+) ¢;-Ing,. (11)
i=1

For the convenience of further calculations, it is ad-
visable to introduce the notation

InQ=y;
Then, we have the following dependence

Ink=cy; Ing,=x,.

n
y:co+Zc[-xl.. (12)
i=1
The specificity of such a structure lies in the linearity
of the obtained functional dependence with respect to
the parameters that must be found, ¢, ¢, ¢, ..., C,-
In its turn, the total discrepancy function is written
in the form

2
N n
S(co,cl,cz,...,cn):z:(c0 +Zci Xk —ykJ . (13)
k=1 i-1

The presented analytical transformation makes it
possible to realize the minimization of the discrepancy
function (12). That is, the problem is reduced to solving
a system of linear algebraic equations.

The simple form of the function (12) gives the pos-
sibility to solve the minimization problem by equating
the derivatives of function (13) to zero, in accordance
with the necessary condition for the existence of an ex-
tremum, that is

0
—8(cy,€¢5655...,C,) =
J

2
(CO +Zci Xk _ykj =0.

N
k= i=l

0
_672

J 1

Function S(c,, ¢y, ¢, ..., ¢,) is a quadratic function.
This determines the linearity of (14). In fact, defining
the derivatives in (14), we have

a N n 2
. Z(Co +Z]:ci "Xk _yk] =

0| k=1 i=

k=

N n
=2 [c0+2ci‘xl.,k—ykJ=O;
] i

N'Co"'zci “Pi0 =MNo>

i=l
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where

N N
Pio =fo,k no=2yk;
= =

a N n 2
. Z(CO+ZCi'xi,k_ykj =
i il

k=1

N n
:22(c0+2c,.-xi’k —yk}xj,k =0, (j=L2,...,n);

k=1 i=l

N n
Z[CO +D 6 Xy —yk]‘xj’k =0;
i=1

k=1

Co Poo+ D06 P =M (15)
i=l1

where o0

N N
Noo 0= D XMy = D Ve
k=1 k=1

N N
®; =Zx[,k X M =Zyk X (si=L2,...,n).
k=1 k=1

As we can see, (15) is a system of linear algebraic
equations with respect to the identified parameters c,,
Ciy Cpyeees Cpyy

Co PooTC Prpt-t6C-9,0="Ng
Co Py TC @+t Cp Py =M

, (16)
CO '(Po,n +C1 '(pl,n +"'+Cn '(pn,n :nn
which is solved by standard methods.
For example, using Cramer formula
CX_AO. Cx_Al. cx_An (17)
077 AT ST

Thus, the parameter values minimize discrepancy
function (12), that is

S(cy,¢5¢5,...,cp)= min  S(c;,¢,6,,...,¢,). (18)

CysC1sCyseansCy

Therefore, the multifactorial economic and mathe-
matical model that describes the socio-economic secu-
rity of enterprises in the region according to (4) and (18)
will be written as

Let us consider as an example a two-factor model of
socio-economic security of enterprises in Poltava re-
gion, which will be written as

O=k-q/qy, (20

where Q is GRP per capita, UAH; ¢, is capital invest-
ment per capita, UAH tho; ¢, is innovation costs, UAH
thou; k, c,, ¢, are parameters.

The values of the parameters included in formula
(20) are found by way of identification according to the
given statistical material for Poltava region [25]. Table 1
shows the corresponding statistical material.

In order to use the method of least squares in linear
form to find the parameters in model (20), we apply the
operation of taking the logarithm

InQ=Ink+c,Ing, +c¢,Ing,,
or
Y=Co+CX| + CrXy, 21)
where
y=InQ;

Herewith, the total discrepancy function will be
written as

c=Ink; x,=Ing; x,=Ing,.

10
S(ChrC1nCy) =D (Co+¢ X+ Xy =1 )2 (22)
k=1
According to the necessary condition for minimizing
function (22), we equate to zero derivatives with respect
to the unknown parameters c; of its

Po) b 10
—8(cy,c;,c)=—> (Cy+C X, +C Xy, =Y. ) =
ac, v aci; 0t C X T6 X — Wk 23)

=0, (i=0,1,2).

Expanding condition (23), we obtain a system of
three linear algebraic equations with three unknowns c,
€1, 6

10 10 10
10-¢, +012x1’k +c22x2,k = Zyk
k=1 k=1 k=1

10 10 10 10
2 _
Cole,k +clzx1,k +6 le,kxz,k = le,kyk - (24)
k=l k=l k=1 ol

" 10 10 10 10
0,=eT]a- (19) Co D Kok +C1 D XipXop + D X35 =D Xy, 3
i k=1 k=1 k=1 k=1
Table 1
Initial data [25]
No. Years [0 q, y=InQ x;=Ing, x,=Ing, 0,
1 2013 22,000 3,400 300,000 10.00 8.13 12.61 19,729.51
2 2014 30,000 4,000 340,000 10.31 8.29 12.74 25,469.63
3 2015 35,000 5,000 400,000 10.46 8.52 12.90 35,648.87
4 2016 39,000 7,000 420,000 10.57 8.85 12.95 43,722.79
5 2017 40,000 6,500 480,000 10.60 8.78 13.08 52,223.11
6 2018 50,000 6,000 500,000 10.82 8.70 13.12 53,939.18
7 2019 65,000 5,900 540,000 11.08 8.68 13.20 60,350.6
8 2020 80,000 10,500 600,000 11.29 9.26 13.30 88,545.11
9 2021 115,000 11,000 620,000 11.65 9.31 13.34 94,814.66
10 2022 124,000 13,000 700,000 11.73 9.47 13.46 121,895.7
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Results of calculating the coefficients of the system of equations (24)

Table 2

No. Y X X, Xt X3 XX, X, X,
1 10.00 8.13 12.61 66,12 159.05 102.55 81.31 126.10
2 10.31 8.29 12.74 68.79 162.22 105.64 85.50 131.30
3 10.46 8.52 12.90 72.54 166.39 109.87 89.12 134.97
4 10.57 8.85 12.95 78.39 167.65 114.64 93.59 136.88
5 10.60 8.78 13.08 77.08 171.13 114.85 93.03 138.62
6 10.82 8.70 13.12 75.68 172.20 114.16 94.13 141.98
7 11.08 8.68 13.20 75.39 174.22 114.61 96.22 146.28
8 11.29 9.26 13.30 85.73 177.01 123.19 104.53 150.21
9 11.65 9.31 13.34 86.60 177.89 124.11 108.44 155.42
10 11.73 9.47 13.46 89.73 181.14 127.49 111.10 157.85

sum 108.51 88.00 130.70 776.05 1,708.90 1,151.10 956.97 1,419.59

The results of calculating the sums available in the
system of equations (24) are presented in Table 2.
According to the data in Table 2, the system of equa-
tions (24) is written as
10-¢, +88.00¢, +130.70c, =108.51
88.00c, +776.05¢, +1,151.10c, =956.97 . (25)
130.70c, +1,151.10¢, +1,708.90c, =1,419.59

The Fisher matrix is as follows

10 88 130.7
d=|| 88 776.05 L151.1. (26)
130.7 1,151.1 1,708.9

Since the determinant of the Fisher matrix (26) is
not zero

|CD|:1.906 £0,

then the system of equations (26) has a single-valued so-
lution. Let us find this solution
A A
g =—2=-12.684; ¢ =—1=0.383;
A A (27)

1o =%=1.543.

Thus, taking into consideration (27), formula (21) is
written as follows

Y =—12.684 +0.383 - x; + 1.543 - x,. (28)

Let us determine the significance of the regression
coefficients of the equation obtained in the analyzed ex-
ample. Let us determine the values of the semi-interval
of the confidence interval of the mean value of each of
the coeflicients, which are summarized in Table 3. The
value of Student’s t-test is determined from the table.
For the number 9 of degrees of freedom and a given 0.95
confidence probability, it is equal to 2.262.

According to the data given in Table 3, all coeffi-
cients of the regression equation (28) are significant.

To check the correspondence of the obtained math-
ematical model to the process studied, it is necessary to
check its adequacy. This check is an estimate of the ap-
proximation error. To carry out this assessment, the
method of comparing variances using the Fisher’s ratio
test for a given confidence probability a is applied. If the
experimental value of the Fisher’s ratio test is less than
its theoretical value F,, the model is considered ade-
quate, otherwise the model is considered inadequate.
The experimental value of Fisher’s ratio test is taken
equal of the ratio of the residual variance (the so-called
adequacy variance) to the total experimental variance of
the entire experiment

>(5-7)

=1

u [=Sr2esidual(y)= n—-d
residua Sz(y) 10 _ :
-y
%
n-1

According to the tabular data, we have the following

0.431
residual 0.330

We determine the theoretical value of Fisher’s ratio
test using reference tables. For the significance level
q = 0.05, and the number of degrees of freedom k, =
=10-3=7and k, =10 - 1 =9, we have the following

Flhear =3.29.

1.3. (29)

Since
Fresiduar = 1.3< Fioor= 3.29,
then with a given confidence probability the obtained

regression equation adequately describes the phenome-
non under study.

Table 3
Regression coefficients significance estimation
G Sum of squares.of the input | Standard deviation pf the regression Half-interval value Coefficient Significance
matrix coefficient values
Cy 49.85 0.0114 0.0114 - 2.262 =0.0261 | 12.68 >0.0261 | Completed
C, 49.85 0.0114 0.0114 - 2.262=0.0261 | 0.383>0.261 | Completed
G, 49.85 0.0114 0.0114 - 2.262 =0.0261 | 1.543>0.261 | Completed

234 ISSN 2071-2227, E-ISSN 2223-2362, Naukovyi Visnyk Natsionalnoho Hirnychoho Universytetu, 2025, N° 6



Taking into consideration the use of logarithms in
calculations, we obtain

0, = o712634 0383 1583,
Or
0, = 3.1-1076 033 . g1 39, (30)

The figure shows graphs of real GRP values and
those calculated using the mathematical model (30).

A comparison of the graphs in the Figure shows that
they are in fairly good agreement. Moreover, the calcu-
lated pair correlation coefficient is

o, =0.969. (31)

According to the Chaddock scale, the inequality is
fulfilled

0.9< Yoo, < 0.99,

i.e. there is a “very high” relationship between the vari-
ables.

Thus, formula (31) represents a two-factor mathe-
matical model of the socio-economic security of enter-
prises in Poltava region.

Conclusions. Under modern conditions, the issue of
forming the socio-economic security of enterprises in
the region is of great importance. With due regard for the
instability of the external environment, the increase in
the cost of resources, the inefficiency of organizational
and economic management mechanisms, the important
task for enterprises is the formation of socio-economic
security, which serves as a significant tool for their devel-
opment, improving performance indicators, identifying
risks and threats, and increasing competitiveness.

The socio-economic security of enterprises in the
region is determined by individual components that af-
fect security. The construction of a multifactor mathe-
matical model of the socio-economic security of enter-
prises in the form of a statistical multiplicative model
gave the opportunity to study the influence of individual
components on the socio-economic security of enter-
prises in the region. And, last but not least, to indicate
ways to increase the socio-economic security of enter-
prises in the region, based on the influence of the com-
ponents that determine this security.

Through the example of Poltava region, using the rel-
evant statistical material, a two-factor mathematical
model of the socio-economic security of enterprises in
the region was developed. Capital investments per person
and innovation costs were selected as factors, and the as-
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1.0E+5

8.0E+4

6.0E+4

4.0E+4

GRP per person, UAH

2.0E+4

1 2 3 4 5 6 7 8 9 10
—e—Q —e—Qm
No
Fig. Graphs of real GRP values and calculated by the
mathematical model (30)

sessment of the socio-economic security of enterprises
was GRP per person. The formed two-factor mathemati-
cal model of the socio-economic security of enterprises
in the region made it possible to assess the simultaneous
influence of the factors taken into consideration.

The methodological principles of the formation of
the socio-economic security of enterprises in the region
are supplemented by the background principle, which is
universal in nature. The background is an attribute of
the system; stable processes that ensure the functioning
of the laws of the composition of system relations often
act as the background of the system. It is the region that
can serve as the background against which an enterprise
operates, where an aggressive external environment op-
erates, the economic component and legal relations un-
dergo changes.
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Meta. CopmyBaTH I pO3LIMPUTH CUCTEMY MPUHLIN-
MiB, 1110 CKJIAAal0Th METOMOJIOTIYHI 3acany (hopMyBaHHSI
COLiaTbHO-€KOHOMIYHO1 O€3IeKH TTiAMPUEMCTB PETIOHY.

Meromuka. IIpu mocriimkeHHi OyauM BUKOpPUCTaHI
METOJIOJIOTIUHI 3acaiv CKJIAIHUX BUPOOHUYMX CUCTEM,
MeToaunKa modyaoBu 6araroakTOpHUX MOIEIICH, CHC-
TeMHUI 6araToakTOpHUIi aHali3, METOAU CTPYKTYp-
HOTO CHHTE3Y.

PesyabraTu. ChopmoBaHa 6araropakTopHa eKOHO-
MiKO-MaTeMaTUYHa MOJEJIb, 110 JO3BOJIWIO MPOBECTU
aHaJji3 (pakTOpHOIro BIUIMBY iHHOBALIIIiHOT Ta iHBECTH-
1Iii{HOI CKJIaA0BO1 Ha BAJIOBUI perioHaJbHUI MPOMYKT.
[IpoananizoBaHa cucTeMa MPUHILIMIIIB, 1110 CKJIAAAIOTh
OCHOBY METOIOJIOTIYHMX 3acan (popMyBaHHS COLlialb-
HO-EKOHOMIYHOI O€3MeKH MiAIPUEMCTB PETIOHY.

HaykoBa HoBu3Ha. HabOyna nomanbiioro po3BUTKY
METOIOJIOTisT (hOPMYBaHHSI COLaIbHO-€KOHOMIYHOT
Oe3IeKu IMINPUEMCTB peTioHy. 3alponoHOBaHO
BKJIIOYMTU B CUCTEMY MPUHLMITIB (POHOBY 3aKOHOMIp-
HiCTh 200 (DOHOBUI MPUHLIUIT, IO HOCUTh YHiBEPCAIb-
HU xapakTep. BuszHaueHa JOLIIBHICTb 3aCTOCYBaHHS
OaraakTOpHOTO MOJENIOBaHHS Mpu (popMyBaHHi CO-
LiaTbHO-€KOHOMIUHO1 0€3MeKU MiAMPUEMCTBA.

IIpakTuuna 3HauumictTb. [loOymoBaHa GaraTocdak-
TOpHa MaTeMaTW4YHa MOAEb Yy BUIISIAI CTaTUCTUYHOL
MYJBTUIUTIKATUBHOI MOJENi Jajla 3MOry JOCTiIuTU
BIJIMB OKPEMUX KOMIIOHEHTIB Ha COLiaIbHO-€KOHO-
MiuHYy Oe3IeKy MiAIPUEMCTB peTioHy Ta BKa3aTH 11UIsI-
XU 11 NiABUIIIEHHS, CITMPAIOYMCh Ha BILUIUB LIMX KOMITO-
HeHTiB. BpaxyBaHHsI (pOHY SIK aTpuOyTy CUCTEMU 3a-
Oearieuye (byHKIIOHYBaHHSI 3aKOHiB KOMITO3MLl BiJl-
HocuH cucteMn. Came pEerioH MOXe CIIYTYBaTH TUM
(doHOM, B KoMy (byHKIIIOHYE MiAMPUEMCTBO, 1€ i€
0araToMipHiCTb CynepewnBUX BILUIMBIB.

KmouoBi cioBa: nidnpuemcmeo, pecion, couianvHo-
eKOHOMIYHa be3neKa, Memooonoeis, MoOea08AHHS
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