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ASSESSMENT OF THE ECONOMIC SECURITY OF AN INDUSTRIAL
ENTERPRISE IN THE PARADIGM OF THE SYSTEMIC
AND SYNERGETIC APPROACH

Purpose. Evaluation of the synthesis of levels of economic security of an industrial enterprise in order to prevent possible
threats.

Methodology. The research uses the methodological principles of the system-synergistic approach, while the enterprise itself is
considered as a system object which is under the influence of internal and external disturbances. Statistical methods of analysis of
emission values of certain indicators that characterize the functioning of an industrial enterprise are used. The possibility of apply-
ing a statistical approach based on the theory of emissions is substantiated.

Findings. Problematic issues of ensuring the adoption of the level of economic security at industrial enterprises are researched
and analyzed. As a tool for analyzing the situations that have developed at enterprises, the possibility of using a statistical approach
based on the theory of emissions is substantiated. The synthesis of levels of economic security is proposed to be determined on the
basis of a system-synergistic approach.

Originality. The issue of defining economic security, as information about the emissions of a certain economic indicator pre-
sented as a random time process, has gained further development. Determining the probability of the ordinates of the process ex-
ceeding a given level is envisaged, and finding the probabilistic characteristics of the time of the ordinates of a random process
remains above this level.

Practical value. The analysis of the results regarding the determination of the levels of economic security was studied at the
enterprises of PIVDGZK JSC. The values of the following economic indicators were analyzed: net income from product sales;
cost of goods sold; pre-tax profit. The results of the calculations showed that the largest average number of emissions both for one
month and for a given time interval is attributable to the cost price. That is, the average duration of the emission and the average
area of the emission, which is limited by a function above a given level, refers to such economic indicator as profit before taxation.
Such indicators have a negative impact on the economic security of the enterprise. The conducted analysis provides grounds for the

relevant services to implement management actions to prevent possible threats to the economic security of the enterprise.
Keywords: economic security, random process, indicator, statistical approach

Introduction. Effective development of the economy of
Ukraine in modern conditions is possible only on the basis of
the wide use of scientific and technical achievements and the
formation of a powerful domestic intellectual potential. The
current state of the national economy in general and its real
sector indicate a decline in production. Enterprises of the real
sector of the economy function in an external competitive envi-
ronment. The interaction of the external and internal environ-
ments of the enterprise form the basis for a systematic study of
the processes of assessing their economic security. From the
side of the external environment, there can be both threats and
opportunities with regard to the impact on enterprises.
Ukraine’s integration into the world economic system, global-
ization processes significantly affected the functioning of en-
terprises in general and, accordingly, their economic security
separately. Naturally, the economic security of the enterprise
depends on a significant number of factors that are quite diffi-
cult, in general, to take into account. This is primarily due to
the fact that the enterprise is a complex system object, which is
characterized by stochastic behavior. This feature of the enter-
prise is due not so much to the presence of some sources of
random obstacles for the enterprise, but to the complexity of
the enterprise itself, as a system object, and the inevitable sig-
nificant number of various secondary (from the point of view of
economic security) processes associated with this. Therefore,
the behavior of the system object — the enterprise is most often
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“unexpected”, and this surprise is more convenient to consider
as a random factor. Any enterprise contains a large number of
such “surprises”, which is evidence of its complexity. There is a
tendency to call accidental what is secondary and insignificant
for the realization of the economic security of the enterprise.
This approach is well developed in statistical decision-making
theory. To apply this statistical approach, it is suggested to con-
sider a separate economic indicator for the enterprise, repre-
sented by a random time process. Thus, the actual problem of
assessing the economic security of enterprises is considered in
a new aspect, namely, from the standpoint of statistical assess-
ment of the quality of the enterprise’s functioning during a
given period of time. For this purpose, relevant time series
characterizing the production are analyzed by studying their
emissions that disrupt the functioning of the production. Such
emissions can lead to a violation of the economic security of
the enterprise. Such emissions can lead to a violation of the
economic security of the enterprise. A conclusion is made
about the possibility of assessing the economic security of the
enterprise by studying the values of emission indicators.
Literature review. Research and analysis of problems re-
lated to the economic security of the enterprise is represented
by a significant number of works in the scientific field. Thus,
the authors Zaichenko K.S. and Dima N.I. considered the
meaning and role of economic security. The concept of eco-
nomic security is structured and, in the opinion of scientists,
the negative impact of these structural units is highlighted [1].
The work by the authors Sytnyk H. V., Blakyt H. V., Gulyae-
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va N. M. and others is distinguished by a meaningful scientific
work. Scientists systematically researched and analyzed the
main problems of ensuring the economic security of national
entrepreneurship. According to the level of economic systems,
the authors investigated the mechanisms of ensuring econom-
ic security [2]. Kolodyazhna I.V. and Bukrina K. A. focus at-
tention on the criteria for the formation of economic security.
The authors suggest that the state of economic security of the
enterprise should be determined on the basis of relevant crite-
ria [3]. Scientists Karachina N.P., Semtsov V.M., Myron-
chuk V.M., and Balzan M. V. propose to consider the essence
of economic security from the standpoint of the relationship
between the concepts of “development — economic security —
sustainability — efficiency”. It should be noted that the defini-
tion of such a chain should provide for the unification of indi-
cators that formulate each component [4]. Authors Karachi-
na N.P., Semtsov V.M., Mironchuk V. M. proposed the au-
thor’s method for assessing the economic security of the en-
terprise. The author’s methodology takes into account the life
cycle of the development of a modern domestic enterprise [5].
The systematic nature of economic security research is the ba-
sis of E. Danilov’s scientific work. The author formulated “...
axiomatic provisions that defined the concept of the approach
to the functional description of the economic security sys-
tem...”. The conceptual approach to assessing the economic
security of the enterprise is meaningfully defined. The author
suggests forming a concept based on the following compo-
nents, namely: economic security of potential use; identifica-
tion of assessment objects; selection of an approach to assess-
ment [6]. A generalized approach to the essence of ensuring
economic security of the enterprise, principles, functions,
methods and means of this process is given in [7]. Based on the
analysis of analytical information about enterprises of the real
sector of the economy, the authors. Ogrenych Yu and Dibro-
va V. focus attention on possible directions for improving the
state of economic security. However, it should be noted here
that the given analytical information about one enterprise can-
not be taken as generalized [8]. Authors Kovalska L., Golii O.,
Golii V. propose to consider economic security through the
prism of sustainability of economic development [9]. This ap-
proach involves the use of all available company resources,
which is difficult to implement in practice. Scientists Sado-
vyak M.S, Begeilo N.V., Fenyk V.O., Prystupa A.A., Mat-
vievskyi N.A., Zapisotskyi 1. V. and Ilchyshyn M. Z. empha-
size the analysis of the influence of the external environment
in formation of the system of economic security of the enter-
prise in modern conditions. The authors comprehensively in-
vestigate the problem and link economic security with nation-
al security [10]. An attempt to systematize definitions regard-
ing the essence of the concept of “economic security” is re-
flected in [11]. The development of information technologies,
of course, had a corresponding influence on the formation of
the essence of the concept of “economic security of the enter-
prise”. The authors Zhadko K. S., Samoilenko D. M. have de-
veloped appropriate approaches in the context of digital tech-
nologies [12]. Some authors link, not without reason, the fi-
nancial and economic security of the enterprise with the effi-
ciency of management [13]. An attempt to form a model for
determining a complex indicator of financial and economic
security based on financial statements is presented in [14]. The
authors Tovpyk D. V., Demyanchuk O. I. propose to highlight
financial security as part of the economic security of the enter-
prise and offer their author’s vision [15]. Scientists tried to
present a new vision of the essence of the concept of “eco-
nomic security” through economic activity at the enterprise.
Havlovska N., Matyukh S. and Lyubokhinets L. proposed a
methodology for assessing the state of economic security of
the enterprise. The methodology is based on the formation of
indicators according to the functional components defined by
the authors [16]. The scientific publication by Kopteva H. M.
attracts special attention. The author analyzes in detail mod-

ern approaches to the assessment of the economic security of
the enterprise, their content, advantages and limitations. It is
noted that the lack of a single approach to determining the
classification features of approaches to assessing the level of
economic security of an enterprise makes it difficult to justify
the choice of approach. The author proposed the improve-
ment of classification approaches to the assessment of eco-
nomic security of the enterprise and methodical support tak-
ing into account the peculiarities of its business processes [17].
The appropriate evaluation methods were proposed by scien-
tists Shilo Zh., Piletska S. T., Korytko T. Yu., Tkachenko E. V.
[18, 19]. The authors propose to assess the level of economic
security based on the formation of integral indicators, which,
according to the authors, make it possible not only to deter-
mine “...the state of the research object, but also the direction
of its development...”. Without underestimating the impor-
tance and depth of numerous scientific and practical studies in
the area of assessing the levels of economic security of enter-
prises in the real sector of the national economy, the relevance
of the topic attracts the attention of scientists.

Unsolved aspects of the problem. The scientific develop-
ments presented in the field of economic security level assess-
ment are mainly focused on the application of integral indica-
tors. Instead, scientists ignore the possibility of applying the
methodology to the statistical approach based on the theory of
emissions. It is proposed to conduct an analysis of time series
characterizing indicators of a certain production of the enter-
prise by studying the values of their emissions. Determination
and analysis of the values of emission indicators form the basis
for assessing the economic security of the enterprise.

Purpose of the article is to study the emission values of cer-
tain indicators that characterize the functioning of an indus-
trial enterprise in order to assess its economic security in the
paradigm of a system-synergistic approach.

Results. It is offered to apply a statistical approach based
on the theory of emissions as a tool for analyzing the situations
that have developed at enterprises. To assess the level of eco-
nomic security, it is advisable to determine the probability of
exceeding the ordinates of the process of a given level and find
the probability characteristics of the time when the ordinates
of the random process remain above this level.

To apply such a statistical approach, consider a certain
economic component of the enterprise, which is represented
by a random time process. Let us consider the determination
of the emission probability for a given value of the ordinate of
a random process and the determination of the average time
the random process stays above a given level.

Let a be the value of the ordinate of the differentiated ran-
dom process X(7), the outliers beyond which are investigated.
Let us determine the possibility that an emission will occur
during the time interval df following the time 7. In order for an
emission to occur under the specified conditions, two condi-
tions must be met:

- at the moment of time 7 the condition is fulfilled

X(t) <a, (1)
and at the moment of time 7+ dr
X(t+dt) > a. 2)

Therefore, the probability of an emission in the time inter-
val dt is written in the form

PX(t)(a; X(t + di))al. 3)

Taking into account the smallness of the time interval df
with an accuracy of the infinitesimal of the second order, it is
possible to write

X(t+df) = X(r) + (B)dt. 4)
Hence, inequality
X(t+dt)>a,
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is equivalent to inequality
X+ ndt > a,
or
a— V(t)dt < X(1). 5)
Instead of two inequalities determining the presence of an

emission in the time interval (3), one can write one double
inequality

a—-WV(dt < X(t) <a, (M) >0). ©6)

To calculate the probability of realization of inequality (6),

it is necessary to consider the two-dimensional distribution

law of the ordinate of the random function X(7) and its deriva-
tive V(z) at time ¢

fCx,v|D). (7

Then for the sought probability of emission we get

P[a—V(t)dt<X(t)<a]=T j fxvldxdv. ()

0 a—v-dt
Taking into account the fact that

i f(x,v|dx=v-dt- f(a,v]|t),

a—v-dt

formula (8) takes the form
Pla-V(nydi<X()<a|=dt-[ f(a,v|1)vdv. )
0

Formula (9) shows that the probability of emission during
the interval df is proportional to the length of this interval.
Therefore, it is expedient to introduce the concept of time
density for the probability of release, denoting p(a | 7) the prob-
ability of release for level a at the moment of time calculated
per unit of time, i. e. putting.

Pla-V(n)dt < X(t)<a]=p(a|n)dt, (10)

where
plalty=[ f(av|ryvay. (11)
0

Similarly, the time density of the probability of crossing a
random function X(7) of level a is calculated from top to bot-
tom according to the formula.

R 0
plaln=—[ f(av|Hvdv, (12)

of the random function X(7) above the level a for the time in-
terval will be the value

T oo
7(a)= j j (x| dxdt. (13)
0a

In turn, the average amount of emissions over time will be
the value

T o
n(a)= ”vf(a,v | )dvdt. (14)
00

Then, by dividing (13) by (14), the average emission dura-
tion is found

oy [@
t(a) - ﬁ(a)’
or
T
j j (x| f)dxdt
T(a)=720— (15)
j j Vv (a,v|t)dvdt
00

The derived formulas are especially important for steady-
state processes, because for processes that have settled over
time, the average duration of the emission has obvious signifi-
cance. For stationary processes, these formulas are simplified,
since the density of the distribution of ordinates of a random
function, and the density of the distribution of ordinates and
velocities does not depend on time. Denoting these distribu-
tion values by f(x) and f(x, v), it can be seen that the time inte-
gration in formulas (13, 14 and 15) is reduced to multiplication
by the time interval 7.

1(@)=T] f(x)dx; (16)
7i(a)= Tj Vv (a,v)dv; 17)
0
T f(x)dx
T(@)=—t—. (18)
J.vf (a,v)dv

0

For stationary processes, the concept of the average
amount of emissions per unit of time can be introduced

()= 1@
v(a) = T (19)
Considering (17), we have
V(@)= [vf(a,)dv, (20)
0

i.e. it is equal to the probability of emission per unit of time
(11).

It can be shown that the average area bounded by the real-
ization of a stationary random function X(#) above a given
level a during emission is given by the formula

S(a)=—— [ (x)dx-a-7(a). Q1)
v(a),

To obtain final numerical results, it is necessary to have the
densities of the distributions under consideration.

For a normal process, the most important from the point
of view of applications, simple calculation formulas can be ob-
tained. For a normal stationary process, the distribution law of
the ordinates of the random function X(¢) is expressed by the
formula

_(x-x)?

2ci , (22)

1
f(X)_Gxix/Ee

where x — is the mathematical expectation of the ordinate of
the random function X(7); o, is the standard deviation of the
ordinate of the random function X(7).

Given that the rate of change in the ordinate of the ran-
dom function V() and the ordinate of the random function
X(?) are independent quantities, their two-dimensional den-
sity of the probability distribution decomposes into the prod-
uct of the normal densities of the distribution for each of the
coefficients, i.e.

1 _(x-x) 1 v
X,V)= e 262, e 25§’ 23
seow) Gx\/% c,V2n @9
where o, is the standard deviation of the rate of change in the
ordinate of the random function W(#).

The mathematical expectation of the rate of change in the
ordinate of a random function is zero due to the stationarity of
the random process.

Substituting formula (23) into formula (21) gives for the
average number of emissions per unit of time, or, which is the
same for the time density
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T 1 2 1 o2
v(a)=pa)=|v e 2o . e 2o dv;
o e
C(x-X) o 1 s
v(a) = p(a)= e 2 v e ¥dv. (24)
GX\/% '([ o, V21

We calculate the integral separately by replacing the variable.
Finally, we find

(a-x)*
1 a 2 o
V(a)=p(a)= e % L
o,.N2n N2r
5 _(a-x)?
V(a) = p(a)=——e 2% . (25)

2no

X

Similarly, substituting (22 and 25) into (18) gives the for-
mula for calculating the average duration of the emission

0 1 7()‘*)?)2
252
——e % dx
Ha) = ;[ G, V2n .
TS T
o, e 202
2no,
| @D Gy
Ta)=2n—e _[e 290 dx. (26)
G, ’
We calculate the integral separately by replacing the variable
xX—-X 1
z= dz=—:dx
w _(x-X) G, o,
I e % dx= a-x =
xX=a—>z=
a 6, dx=o,dz
X=0—>7=0
ax
© 7£ 0 7£ Oy 7£
:csx.fe 2dz=0, J‘e 2dz - je 2dz |= 27)
a-xX 0 0
GX

:Gx\/;|:1_q)[a—x]:|’
2 o,
24 =
where ©(y)= f.[e 2dz is the Laplace function.
T
0
Substituting (27) into (26), we finally find

(a-X)* _
T(a)=nlxe 2 {1@(“_)‘}}. (28)
o o

v X

Substituting (22) into (21) and calculating the integral, we
consistently find

1 © (X*;)Z
_ x - _
s(a):ff e 2 dx—a-T(a);
V(a)acx\ﬂn
X—-X dx
z= dz=—
© (x-%)? Oy Ox
X - 202 _
J e % dx= a-Xx =
20,2 X=a—->2=

T X+o,7 =
= I e 2dz;
a-x \/E
o X+0.7 2 - 5 o 2 p. o 2
Lo 24z = e 2dz+—=% ze 2dz;
S e e
[} [} o,

/Tc a-Xx
= |=|1-® ;
2 G,

2

Z
0 g2 ! 5 dt =zdz
J.ze 2dz= _ - =
o a-Xx I{a-Xx

Z= =— {=0—>F=00

o, c, 2( o,

Ll

s(a)=——

=9 | ”_f]Z —at(a). 29)

Taking into account (26 and 29), the formula (30), which
determines the average area bounded by the realization of the
stationary random function X(7) above the given level a during
the emission, is given by the formula

- V] YfeE)
S22 @ ‘;’)"x”{pq{“‘xﬂe ) . (30)

c c,

d2
where o2=K_(0); o’= —FKx(t)|T =0; K(t) is autocor-
T

relation function.

In order to find the statistical characteristics of realizations
of random processes, it is natural to use the principles of pro-
cessing research material developed in mathematical statistics.
For this, it is necessary to go to the sequence of implementa-
tion of a random variable obtained by discretization of a ran-
dom process

X1s X5 eaes Xjy eees Xy (31)

where x;=x(i- A);n-A=T.
Then the estimate of the mathematical expectation, that
is, the average, is found according to the formula

_ 1
X —;in. (32)

i=1

The sample variance is determined by the formula
62 :Lé(x'_f)z, (33)
Yon-147

and the standard deviation is

1 & _
O Sy 2 (34)
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In turn, the sample estimate of the autocorrelation func-
tion is given by the formula

_ | I
Rx(k)—m;(xi—x)(xi+kx), k—0,2,...,m. (35)

To find the analytical formula R (a,T), it is necessary to
approximate formula (35) by minimizing the functional

F(a)= i(kx(a,k-A)— R.(k))* > min. (36)
k=1

Given that
F(otg)=min Y (R (0,k-A)= R, (K))?,
¢ kA
the analytical formula of the autocovariance function will be
written in the form
K (0,,1) =02 R0y, 7). (37)
Then, according to (30), we obtain
K (0,0)=062R (0,0)=052.

Further,
& a
0} =~ 5K (0 r=0=-01 T R (e, fe=0=
4
=0l (e (I+ay-1)|r=0;
%(ef%-fa + ot )) = —age (14 0 1)+ g =
=—alte ™",

d’ —0y'T d —0yT d 0T
ﬁ(e T(1+a, -r))=a(—agre 0 )=—Q§E(re 0Ty =
=—a(e™ ™" —tohe" ") =—ade T (1-0,1);

o2=-c2 -[foc(z,e'%*(l - ocor)J

|r=0=a3-62 (38)

Xx*

All subsequent calculations and construction of tables and
graphs were carried out using Mathcad.

The proposed methodology was developed using relevant sta-
tistical information on the activities of JSC “PivdGZK” [20, 21].

Consider the value of the economic indicator — net in-
come from the sale of products in the period from 2018 to 2022
[20, 21]. The graph displaying the initial information “Data”
and the graph of the approximation of the values of the indica-
tor of net income from the sale of products under the name
“Model” are presented in Fig. 1.

The mathematical model of net income from product sales
is represented by a polynomial of the fourth order

3.5E+7
33E+7 )
3.1E+7

2.9E+7
2.7E+7

/L
25E+7 v

/
23E+7

2.1E+7
1.9E+7

net income from productt siea,
UAN

0O 4 8 12 16 20 24 28 32 36
data == == e e model

Fig. 1. Graphs of initial data and model values of net income
from product sales

V() =34.52 -1~ 1.636 - £ +25,555 -~ -
—29,288 - 1+ 20,000,000.

The mathematical model (39) is found according to the
data displayed on the “Data” graph using the method of least
squares. At the same time, the coefficient of determination was
R?=0.999, which indicates a very high relationship, according
to the Chaddock scale. Deviations are calculated as the differ-
ence between the corresponding values presented in the
“Data” and “Model” graphs

x(0) = y(1) = y (D). (40)

To calculate the deviations, the random processes present-
ed in the “Data” and “Model” graphs were discretized ac-
cording to the formula

(39)

1
t,=2,017+i-A; i=0,1,...,36; A=§, 41)
that is, with a discreteness of one month.
Next, we find the numerical characteristics of the indicator
net income from the sale of products according to formulas
(31, 32 and 33) taking into account discretization

R RS
X :%Zl“xi =31,383; (42)
136
2=—%"(x,-31,833)2=8,917,631,808; 43
ol =352 (5 3183 )

1 36
== ;—31,833)2 =94,433.
0, = 33206 31839 (44)

Fig. 2 presents the deviation graph (40), the average value
of the deviation, as well as the upward deviation limit, which is
half of the standard value of the deviation from the average
value.

The analysis of the graph in Fig. 2 shows that the deviation
of the indicator of net income from the sale of products is a
stationary random sample sequence. A visual analysis of the
graph in Fig. 2 proves that there are outliers — the deviation of
the values of the indicator of net income from the sale of prod-
ucts above the specified limit. Therefore, it can be concluded
that an increase in the number of emissions worsens economic
security.

Instead, the sample estimate of the autocorrelation func-
tion is given by the formula

5 1 n—k
R (k)=——>(x,-31,383)(x,,, —31,383),
(k) 3‘12117E+11§( i Wik ) (45)
k=0,1,...,m.
2.5E+5
2.0E+5
1.5E+5 ’\\ A
1.0E+5
Z [ Vi R N QUUpES b Wiy Mipuigy g g
S s0E+4 o AAY |
. ﬂ— —.I—_ --\‘._ i -
é 0.0E+0 T P — T o
'§50E+4#_ N Fop Wk P W
&)- A
-1.0E+5
-1.5E+5 v
2.0E+3 —rejection =D = average
= == = ypper part =% + Jower limit

Fig. 2. Graphs of deviation of net income from product sales,
average deviation, limits of deviation
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The following was chosen as the structure of the analytical
formula

R(9)=eH(1+ak), (46)

where o is a parameter.

To approximate the functions (45 and 46) using the pa-
rameter o, the minimization of the functional (36) was ap-
plied. As a result, we get o= 1.412, and formula (46) takes the
following form

R.(1)=e 412 (1 11.412.J]). (47)

According to formulas (37 and 47), the analytical formula
of the autocovariance function takes the form

K (1)=8,917,631,808-e 4121 11.412.]<).  (48)
Then, according to (38), we get
c2=0)-02=1.4122-8,917,631,808=17,779,474,911.  (49)
Given that a = 78,599, and using formula (26) we find the
average number of emissions per unit of time
v(78,599)=0.198. (50)

In turn, the number of emissions that occur in a given time
interval (0.36) makes up the value

7(78,599) = v(78,599)-36=0.198-36 =7.14~7.  (51)

Next, we will find out that the average duration of the
emission, according to (29), will be the value

T(78,599)=0.942. (52)

And, finally, the average area limited by the implementa-
tion of the stationary random function X(#) above the given
level a = 78,599 during the emission is found according to the
formula (30) and is the value

5(78,599) =123,186. (53)

Next, we will consider such an economic indicator as the
cost price in the period from 2018 to 2022 [20, 21]. The graph
of the values of the indicator of the cost of goods sold under
the name “Data” and the graph of the corresponding approxi-
mation under the name “Model” are presented in Fig. 3.

The mathematical model of the cost indicator is represent-
ed by a polynomial of the fifth order.

9, (1) =—1.006-15+91.334-14 ~2,667.81* +

54
+24,905-7% +44,348.9-1 +6,719,563. 9

Mathematical model (54) is found similarly according to
(39). At the same time, the coefficient of determination was

8.3E+6

8.1E+6 ,
7.9E+6

LA
7.5E+6 ’ \ /
7.3E+6 /

7.1E+6

7.7E+6

cost price, UAN

6.9E+6

6.7E+6 \o
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Fig. 3. Graphs of input data and model values of the cost of
goods sold

R?=0.9967, which indicates a very high relationship, accord-
ing to the Chaddock scale.

To calculate the deviations, random processes presented
on the “Data” and “Model” graphs were discretized according
to formula (41), i.e., with a discreteness of one month.

Next, we find the numerical characteristics of the cost ac-
cording to formulas (32—34) taking into account discretization
(43)

1 36
X =—3x, =836 (55)
62
1 36
2 = —%(x, -836)? =419,394,409;
o= 35 20 8) (56)

1 36
= =3 (x, ~836) =20,479,
% =433 E(X, ) (57)

Deviations are calculated as the difference between the
corresponding numerical values of the “Data” and “Model”
graphs, respectively

x(1) = y(#) = yu(0). (58)

Fig. 4 shows the deviation graph (58), the average value of
the deviation, as well as the limit of the deviation, which is half
of the standard value of the deviation of the values of the cost
indicator from the average value.

The analysis of the deviation graph (58) shows that the
deviation value of the cost of goods sold indicator is a station-
ary random sampling sequence. The graph (Fig. 5) shows
that there are outliers in the deviation values of the cost indi-
cator beyond the specified limit. This gives reason to note
that the increase in the number of emissions worsens eco-
nomic security.

The selective estimate of the autocorrelation function is
found according to the formula
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Fig. 4. Schedules of deviations of the cost of goods sold; average
value; deviation limits
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Fig. 5. Graphs of input data and model values of the pre-tax
profit indicator
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n-k
R (k) ! 3 > (x, ~836)(x;,, —836),
i=1

~14.678.804.30
k=0,1,....m.

(59)

Structure (47) was chosen as the analytical formula. To ap-
proximate the functions (59 and 45) using the parameter o,
the minimization of the functional (37) was applied. As a re-
sult, we get o= 1.986, and formula (48) takes the form

R (1) =€ 195%(1+1.986-|)). (60)

According to formulas (38 and 60), the analytical formula
of the autocovariance function takes the form

K (1) =419,394,409¢ 951 +1.986-|<]). (61)
According to (37), we have

v =

o2 =03 02 =1.9862-419,394,409=1,654,173,750. (62)

Given that a = 11,075 and using formula (26) we find the
average number of emissions per unit of time

v(11,075)=0.279. (63)

In turn, the number of emissions that occur in a given time
interval (0.36) makes up the value

n(11,075)=v(11,075)-36=0.279-36 =10.04 = 10.  (64)

Further, the average duration of the emission, according to
(29), will be the value

T(11,075)=0.669. (65)

And, finally, the average area limited by the implementa-
tion of the stationary random function X(7) above the given
level @ = 1,1075 during the emission is found according to for-
mula (31) and is the value

5(11,075)=18,993. (66)

Instead, consider such an economic indicator as profit be-
fore taxation in the period from 2018 to 2022 [20, 21]. The
graph of the values of the pre-tax profit indicator under the
name “Data” is presented in Fig. 5. In turn, the graph of the
corresponding approximation is called “Model”. The mathe-
matical model of the pre-tax profit indicator is represented by
a polynomial of the fourth order

Y, =-29.5717-1* +1,602.83-1* —1,751.34 1> —

—169,961.79-1 +429,796. (67)
The mathematical model (67) was formed similarly to

(54). The coefficient of determination was R*>= 0.9987, ac-

cording to the Chaddock scale — a very high connection.

To calculate the deviations, random processes presented
on the “Data” and “Model” graphs were discretized according
to formula (41), i.e., with a discreteness of one month.

Next, we find the numerical characteristics of the tax be-
fore taxation according to formulas (32—34) taking into ac-
count discretization (41)

1 36
X=—Sx =117; (68)
36
1 36
2 = N (x, —117)% =74,653,494,491;
Gy 35%:(?6, ) (69)

1 36
= /7 —117)? =273,228.
o, 35’;(& ) (70)

Deviations are calculated as the difference between the
corresponding numbers of the “Data” and “Model” graphs

6.E+5

4.E+5
% 2.E45 [— — L =\
:1 0.E+0 [=f=i=—t - - —\ = 4= N0
gZES 4 12 20 24 20 3R f36
= -2.E+
g \|7 \V4
& -4.E+5

-6.E+5 y.'

-8.E+5

reiection

Fig. 6. Schedules of pre-tax profit deviation; average value; de-
viation limits

x(0) = y(1) = yu(2). (71)

Fig. 6 shows the deviation graph (71), the average value of
the deviation, as well as the limit of the deviation, which is half
of the standard value of the deviation of the pre-tax tax from
the average value.

Analysis of the deviation graph (71) shows that the devia-
tion of the values of the cost indicator is a stationary random
sample sequence. A visual analysis of the graph gives grounds
for asserting that there are outliers in the values of the cost in-
dicator beyond the specified limit. Therefore, it can be con-
cluded that an increase in the number of emissions worsens
economic security.

The selective estimate of the autocorrelation function is
found by the formula

N 1 n—k

R)=e—— S (x117)(x,,117),

N 0= 653 40a.a01 0 Dl -
k=0,1,....m.

Structure (47) was selected as an analytical dependence.
To approximate the functions (61 and 47) using the parameter
o, the minimization of the functional (36) was applied. As a
result, we get that

oy = 0.871, and formula (47) takes the form

R ()= e "871(14.0.871-[]). (73)
According to (38), we get
o2 =0l 02 =0.8712-74,653,494,491=156,635,201,714. (74)

Given that a = 136,731 and using formula (26), we find the
average number of emissions per unit of time

v(136,731)=0.122. (75)

In turn, the number of emissions that occur in a given time
interval (0.36) makes up the value

7(136,731)=v(136,731)-36=0.122-36 =4.39 ~ 4. (76)

Further, the average duration of the emission, according to
(29), will be the value

T(136,731)=1.526. 77)

And, finally, the average area limited by the implementa-
tion of the stationary random function X(?) above the given
level @ = 136,731 during the emission is found according to the
formula (31) and is the value

5(136,731)=577,805. (78)

We will present the obtained results regarding the charac-
teristics of emission values of PivdGZK JSC enterprise indica-
tors in the Table. The results presented in the Table allow us to
draw conclusions about economic security for each of the pro-
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Table

Calculation and analytical values of emissions of enterprise
activity indicators

; E
£ 5 o .
2 o= s o= 2
Emissions % & é % f:: ﬁ
Indexes = = & LEe
£ 2 g =)
e =) E4 g8 =
=2 _|E, |2 |82 -
0o o ) I| o (= S
EEF|ESRIER |E2E ™
net income from 0.198 7.14 0.942 123,186
product sales
cost of goods sold 0.279 10.04 0.669 18,993
pre-tax profit 0.122 4.39 1.526 577,805

duction characteristics. The analysis of those given in the Ta-
ble of the calculation results shows that the largest average
number of emissions both for one month and for a given time
interval (4 years) correspond to the cost price indicator. The
largest values of both the average emission duration and the
average area bounded by a random function above a given
level correspond to the pre-tax profit indicator.

Thus, regarding the evaluation of the economic safety of
the JSC “PivdGZK” enterprise, we can note: the economic
indicator cost of sold products — the value of the average num-
ber of emissions both for one month and for four years is the
most dangerous; profit before taxation — the value of the aver-
age duration of the emission and the average area of the emis-
sion, which is limited by a function above a given level, indi-
cates economic danger. The obtained results should be used
when making management decisions to ensure the economic
security of the enterprise.

Conclusions. Having systematized the experience of scientific
research in the field of assessing the economic security of an in-
dustrial enterprise, we can note that the result of ensuring the
economic security of an enterprise is the stability of the function-
ing of all its components. The issue of economic security of an
industrial enterprise is considered on the basis of a systemic ap-
proach. Under the economic security of an industrial enterprise,
it is proposed to consider information about emissions in con-
nection with a random process in time, which determines the
value of a certain economic indicator characterizing its activity.

From a new point of view, problematic issues regarding the
assessment of economic security at enterprises are considered,
based on the statistical analysis of the values of economic indi-
cators. As a tool for analyzing situations that have developed at
enterprises, the possibility of applying a statistical approach
based on the theory of emissions is substantiated. The pro-
posed methodology allows for an analysis of economic secu-
rity based on selected economic indicators.
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Merta. OuiHIOBaHHSI CUHTE3Y PiBHIB EKOHOMIYHO1 Oe3re-
KM TIPOMMCJIOBOTO MiIMPUEMCTBA 3a/J18 3aM00IiraHHsI MOX-
JIMBUX 3arpo3.

Metonuka. Y 10CHiIKeHHI BUKOPUCTOBYIOTbCSI METOI0-
JIOTiYHI MPUHLMIIMA CUCTEMHO-CUHEPIeTUYHOIO MiaXomay, a
caMe MiAIMPUEMCTBO PO3ITISIIAETLCS SIK CUCTEMHUI 00’€KT,
110 nepedyBa€e IMif BIUIMBOM BHYTPIIllIHIX i 30BHIllIHiX 30y-
peHb. CTaTUCTUYHI METOAM aHaNi3y 1100 3HAUE€Hb BUKUIIIB
MEeBHUX MOKA3HUKIB, SIKi XapaKTepu3yloTb (QYHKIIIOHYBaHHS
MPOMMCIIOBOTO TianpueMcTBa. OOrpyHTOBaHA MOXJIUBICTh
3aCTOCYBaHHS CTATUCTUYHOTO MiJXOIY, 3aCHOBAHOIO Ha T€O-
pii BUKUIB.

PesyabraTu. lociiakeHHi Ta mpoaHaiizoBaHi MpoOieMHi
nuUTaHHS 3a0e3MeueHHs TPUNHAITTS PiBHS €eKOHOMIYHOI 0e3-
MeKW Ha MPOMMCIIOBUX MiANPUEMCTBAX. SIK iIHCTPYMEHT st
aHaJi3y CUTYyallill, 110 CKJIaInCs Ha MiANPUEMCTBAX, OO PYH-
TOBaHA MOXJIUBICTh BUKOPUCTAHHS CTATUCTUYHOTO IMiIXOY,
3aCHOBAHOTO Ha Teopil BuKMIiB. CMHTE3 piBHIB €KOHOMiUYHOL
0e3neKr MPOMOHYEThCS BU3HAYaTH Ha 3acafax CUCTEMHO-
CUHEPTreTUYHOTO MiIXOIy.

HaykoBa HoBu3Ha. HaOyo monajibilioro po3BUTKY IMH-
TaHHSI BU3HAYEHHsI €KOHOMIYHOI Oe3mneku SK iHdopmarrii
MpO BUKUIU MEBHOTO €KOHOMIYHOT'O MMOKa3HUKA, MpPeaCcTaB-
JIEHOTO SIK BUTIAAKOBUI yacoBuii mporec. [lepenbauene Bu-

3HaYEHHSI IMOBIPHOCTI BUXO/LY OPAMHAT MPOIIECY 3a 3aAaHUt
piBeHb i 3HAXOMXKEHHSI WMOBIPHICHUX XapaKTEPUCTUK Yacy
rnepedyBaHHSI OpAMHAT BUIAJKOBOIO Mpollecy BUILE 3a lei
piBEHb.

IIpakTHyHa 3HAYMMICTb. AHAJIi3 PE3yJbTaTiB BU3HAYEHHS
€KOHOMIYHOI 0e3rneKr AOCHiIKEeHO Ha mianpuemctsi AT
«[TiBaI'3K». TTpoaHanizoBaHi 3HaYeHHSI HACTYITHUX €KOHO-
MiYHMX MOKA3HUKIB: YUCTUI OOXiA Bia peasizauii mpomayKIii;
co0iBapTiCTh peasi3oBaHOI MPOAYKILil; MPUOYTOK 10 ONoJaT-
KyBaHHs. Pe3ynbrat po3paxyHKiB Mokasajiu, 1110 HaiOiIb-
1a cepeHs KiJIbKiCTh BUKHUIIB SIK 32 ONMH Micslib, TaK i 3a
3alaHUil iHTepBaJl Yacy IpuIagaTb Ha cobiBapTicTh. Ce-
peIHsI TPUBAIICTb BUKUIY 1 CepeHs IJI01a BUKUIY, 1110 00-
MexeHa QYHKIIIEIO BUIIE 3a1aHOTO PiBHSI, CTOCYETHCS TaKO-
ro eKOHOMiYHOTO NTOKa3HUKa K MPUOYTOK 10 OMONATKYBaH-
Hs. Taki MOKa3HWKM 3AIACHIOIOTh HEraTWUBHMI BIUIMB Ha
e€KOHOMIUHYy Oesneky minnpuemcTBa. [IpoBeneHuil aHamis
HAaJa€ MiaCcTaBy BiAMOBIAHUM CIy>k0aM 1181 peasizalii yrmpas-
JIIHCBKMX [Iiif i3 3armo0iraHHs MOXJIMBUX 3arpo3 JJIsl €KOHO-
MiuHOI 0€e3IeKU MiANpUEMCTBA.

KiouoBi ciioBa: exornomiuna 6esnexa, eunadkosuil npouec,
BUKUOU, NOKA3ZHUK, CIMAMUCMUYHULL NIOXIO
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