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Highlight
Econometric modeling and forecasting of the economic security of an interdisciplinary complex describe
the connections between economic variables and objects.

Abstract

The paper presents a farecast of the economic security of the inter-industry complex through the construction
of a simulation model. The authors considered the possibility of using an econometric model in predicting
the level of economic security of the inter-industry compdex. The goal was to form a definition of the “inter-
industry complex”, as well as to study the issees of conceptual and fundamental methods of econometric
maodeling and forecasting the development of regional industry markets in dynamics. A range of issues related
ta the main components of economic seourity in the inter-industry complex has been allocated for scientific work
in order to analyze the impact of the components of economic security on the integral indicator. The paper uses
a methodology for predicting the structural and spatial-temporal dynamics of interbranch complexes, which
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inchedes new and refined methods of modeling and forecasting. As a result, the authors propased the definition
of "inter-industry complex”, "economic security in the inter-industry complex”, as well as the general provisions
of the methodology for econometric modeling and forecasting the level of economic security of the inter-
industry complex. The paper presents a full-scale simulation model that allows you to set, evaluate and make
a decision wsing large nonlinear data. This kind of system contains dynamic and retarded data, which makes
it possible to apply econometric modeling in automatic calculation

Keywords
SCONOMIC Securily; intersectonal complex; econametric model; forecasting.

Introduction

Industry i considered one of the main structures of the economic complex of 2l developed and developing
madern states, [tinchades, a5 a rule, many enterprises, industries of various industries that provide the extraction
and processing of natural resources, the production of various products both for the needs of the industry itself
and for other areas of human activity. In the analysis of the state of industry, special attention should be paid
to the study of the functioning of intersectoral complexes, which are presented in works [1-3] in a certain way
interconnected, interacting, and also complementing each other's activities with industrial sectors and industries
[4,5]. Anintersectonal complex is a special structure for the integration and interaction of ene ar more industries,
Such a strecture can be built in one industry segment and allocated in accordance with the division of labor.
So, within the szegment, machine-building. fuel and energy and other inter-industry complexes can be
distinguished [B). At presant, the formers types of organizational strectures of economic entities are not effective
enough, a3 aresult of which there is a need to create new, modern types of organizational strectures.
Anexample of these types are network structures, which are now becoming a feature of the new economy.
The network approach is considered im [7=10]. As a result, complex interactive relationships develop
that connect the resources and activities of one party with the resources and activities of the other. It should be
noted that in addition to the above reasons, the transition from the industry level to the netwark level & due
to the principles af the fourth industrial revolution, which consider the network organization of production
as a netwaork, that is, when the boundaries between enterprises and even industries (types of economic activity]
are erased, and the production process itself is considered like a network. Against this background, the topic
of economic security of both the national economy and industries, as well as individual enterprizes, is becoming
increasingly relevant. It should be noted that the security of business structures is the basis for maintaining
stable competitive positions, a prerequisite for the effective functioning and stable development of business
entities. Based on the conducted research, it was established that the main negative factors in ensuring the
proper level of economic security of enterprises are the following: lack of effective functioning of the market
environment; incomgplete formation of the institutional base of economic policy; imbalance of state regulatory
policy; imperfection of budget policy; abuse of 3 manopaly price position; an increase in the number of criminal
offenses, so-called “raiding”, corruption and discriminatary actions regarding the specifics of the waork
of regional enterprises; the imperfection of the judicial system, the corruption of authorities and the absence
of state institutons that would effectively protect the rights of the owner; low level of competitivensss
of enterprises and their innovative activity; unsatisfactory indicators of the financial condition and efficiency
af the functioning of enterprises and their use of resource provision, etc. As a result of the analysis, we nate
that the economic secwrity of enterprises should be understood as the state of protection of its resources
and intellectual potential from exsting and potential threats of the external and internal environment of its
functioning, which is characterized by high financial indicators of activity and the perspective of economic
development in the future. Continuing the bogic of our research, we should pay attention to the fact that network
value chain anahysis provides insight into the structure of the production process to identify areas where
efficiency can be improved, thereby enhancing the efficiency of industrial complexes and strengthening thair
ECONOMIC SECurity.

The pracess of ecanametric madeling and forecasting of ecanomic security inchudes several stages:
= Atthefirst stage, it is necessary to set a meaningful goal and formulate research objectives. The purpose
of the study is to assess the degree of influence of factors of the external and internal environment
and the results of ensuring the economic security of the intersectoral comples.
= At the second stage, an econometric model s built. Therefore, in order to effectively ensure
the economic security of the intersectoral complex, it is necessary to conduct a comprehensive analysis
of the economic security of an enterprise based on an amalysis of the total set of threats.
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0On Figure 1 shows the intermal and external components of the cumulative assessment of economic security (E5)
of intersectoral complexes {IC),

[ Technalogical component J [ Ecomomic and legal component ]
Production Financial
component component

The internal companent of
the economic security of the
industry complex investment

\ | companent

The external component of the economic security of the industry J Sacin-demegraphic campanant
Ol

——

Figure 1. Aggregate Assessment of Econamic Security of Intersoctaral Compleres: internal and External Companients.
Sgurce: Authors development.

Methods

The level of economic security of enterprises is characterized by many indicators. The assessment of the state
of economic security of enterprises is carried out through a system of criteria and indicators. The criterion
of economic security of the enterprise is a measure of the state of the economic entity from the point of view
of compliance of the actwally achieved indicators of its activity with pre-established indicators that reflect
the essence of economic seourity, In this case, the general task of forming an assessment of the economic
security of the system is to develop such an assessment, with the help of which the threat of the destruction
of the system is guantitatively detected during the operation of the system in order to take measures to prevent
thiz in @ timely manner. Such an estimate can be obtained using the parameters of the system motion trajectory
in the form of a functienal:

1 Je= lsitsuae),sisuiUsidelx

where:

s - safiety indicator

t- time

£ =state

u - Management

T - the influence of the environmant
5 - internal disturbance,

The schematic diagram of the formation of the Jb safety indicator bazed on all information flows in the system
is shevwen in Figure 2.

- Safety indicator J
Influence af erwiranment ]

Internal disturbances £t __|
Contrel uit) —

System security assessment

| Dilsjt el LT |

mManagemant

Figure 2. A typical logical scherme for forming an assessment of the economic security of an enterprise, Seunce:
Authors developmeant.
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A comprehensive assessment of economic security can be represented as a function that includes the internal
companent of the ES IC: production, financial, investment, and the external component of the E5 IC:
technological, socio-demographic and economic and legal, which, in turn, are also divided into components
indicators:

12 Cone. = J (G Cra C7)

where:

T e - economic related industries; intemal component security
Cr - production companent of network associated industries
C; - financial component of network related industries

€, - investment component of network related industries.

AL the same time:

[E] Care = J(Cezas CriCr-n)

where:

Ceoe- external component of the security of network related industries
Cixs - economic and legal component of network related industries

i - technological component of network related industries

Cs 0 - socie-demographic companent of network related industries.

It should be noted that the data for calculating the component can be expanded. Our choice stopped due to on
the availability data on the indicators on the website of state statistics. In addition, these indicators can be
tracked in dynamics, which will make it possible to calculate the level of economic security and analyze its
dynamic change. It should also be clarified that indicators by type of network production can vary significantly
due to the peculiarities of the functioning of production. That is why we propose to use normalized indicators
to calculate the level of economic security. This econometric approach is considered in publications [11-14].
The next stage of econometric modeling is the selection of the necessary indicators for calculating the level
of economic security of the intersectoral complex and the programming of the simulation medel. Debugging
a model involves assessing its adequacy and suitability, as shown by the values of the relevant criteria [15-17).
Examining the data of state statistics (Table 1), we can identify a number of indicators that tend to inorease,
decrease, and those that do not change in the period 2019-2022.

It should be noted that the data for calculating the component can be expanded. Our cholce was based on these
indicators due to their availability on the website of the state statistics. These indicators can be tracked
in dynarmics, which will make it possible to caloulate the level of sconomic security and analyne its dynamic
change. It is also necessary to darify that indicators by type of network production can vary significantly due
to the peculiarties of the functioning of production. For this reason, we propose to use normalized indicators
to calculate the level of econamic security.

The main factor determining the importance of an indicator is its weight. Before the introduction of one
or another key risk indicator, its threshold walues and limits are developed. Usually, the exponent x varies from
some mimmum value ¥ = (reflecting lack of quality) up to some maximum value ¥ = [Extreme degres
of manifestation, presence, severity and etc.]. As a rule, the value is normalized in the range from 0to 1.

To do this, the transformation function y = f{x) must have the following properties:

(4] ¥ (Fmin) = 0¥ (Xmap) = Lidy/fdx > 0

Sy function with these properties can be wsed for normalization. For example, if then Xea. — 80 you can choose
a funetion:

(5 ytx):l—upu—x;m;
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It 5 easy to see that, by choosing the appropriate function, ane can consider various effects of estimation
distortion. According to the methodology, since the indicators used to describe the state of economic secwrity
have different units of measurement, they were brought to a single scale using the standardization of values,
which allows one to switch to a single dimensionless value. To assess economic security on the basis of the
sedected features, the entrogy method for assessing the sustainability of sconamic security was adapted, which
is considered in papersd [13,19]

The method makes it possible to decompose the total entropy into components - the entrogy of interaction,
configeration, local, structural, ete., which rmakes it possible te develop solutions for their minirmization.

Table 1. Initial data for building an econometric model for predicting the economic security of an intersectoral complex.
Source: Compiled by the outhors besed on stote statistics [20].

Index ‘ 205 | 2020 | 2021 ‘ 2022

Initial data fior cakoulating the preduction component

Labor praductivity index 100.7 o7 958 o488
Index of change in capital-labor ratio 1062 104 1i03.8 105.03
Index of change in capital productivity 96,7 a7 93.3 9737
The cocfficient of rencwal of fed asscts 48 46 43 487
Initial data for caboulating the investment component

Share of investmient in fived assets in gross domestic product 0.5 19.6 M8 15
Increase in the number of high-performance jobs 45 4.1 1.8 152
Innavative activity of onganizations {share of organizations that carried EL] 93 a4 9495

out technalogical, organizational, marketing innowations, in the tatal
number of arganizations)

Share of internal spending on research and development 1a7 11 Ll 108
in GOF and GRP

Initial data for caboulating the Financial companent

Profitability of organizations (excluding small businesses) 7 73 81 692
Resturn on assets 45 2.5 a7 347
Dynamics of accounts payable of organizations [excluding small EERE] a5 | 42780 33573
businesses)

Dynamics of receivables of organizations lexcluding small businesses) 31014 | 35736 | 37053 | 31581
Initial data for caboulating the technological companent

Production index for high-tech manufacturing economic activitics 92.3 bl ag.7 448
The share of internal costs or research and development in priodily areas 67.9 B85 7l 6762

ol development of sciemce, technology and technology, in the total
wirlurrve of internal costs for reseanch and deweloprment

Number of advanced manufacturing technaologies developed 1409 1338 1534 | 13845
Rurnber of new technologies {technical achievements), soltware (ool 28 705 24361 | 64914 21223
acguired by organizations

Imitial data far caloulating the econamic and legal componient

Indices of physical valume of gross domestic product 100.7 575 o938 101.5
¥olume of loans provided to kegal entitics 203.84 18268 | 183.54 208.43
Murmber of economic offendes 115 119 132 10
Imdex of autput of goods and services by basic types 102 7.6 1005 1014

coonamic activity
Imitial data lor caboulating the socio-demographic comganent

Working-age papulation 7543 76,59 7664 7669
Ernployment rate 65.3 65.3 65.7 65.7
Unemplayment rate 5.2 5.6 5.5 5.5
HAwerage monthly salary ze EERE] 367 33.09

Results and Discussion

Entropy processes constitute an unshakable system-forming property of the vital activity of systems at any level
of organization. Over the last year of a full-scale war, there has been a negative downward trend in investment.
The deterioration of the aconomic situation had @ negative impact on the volume of foreign direct investmant
attracted during the period of martial law. A large number of regional enterprises during the crisis were left
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without the support of foreign investors, as well as completely [ partially destroyed and forced to move their
assets to safer territories. At the same time, over the past year, the leading regions of the country also show
almast zero dynamics in the development of industry. The fall in prices for the products of basic industries has
destabilized industrial safety in general.

Table 2. Calculation of the level of economic security of intersectoral complexes in 2019-2022, Sowrce: Colealoted by

the outhars.
Index 2019 2020 2021 0zz
ES IC of the production companent 0.718 0.717 0714 | 0.718
Labor productivity indes 0.95%5 0.538 0960 | 0.949
Index of change in capital-labor ratie 1 1 1 1
index af change in capital praductivity 0.915 0493 @894 | 0.923
The: coeflicient of renewal of fixed assets - - - -
ES IC of the investment companent 0408 0.43% 0437 | 0372
share of investrent in ficed assets in GDP 1 1 1 1
Growth in the number of highly productive jobs inmovative activity of 0177 - - | 0.023

arganizations (share of organizations that carmed out technological,
arganizational, marketing innavations in the total number of arganizations)

Share ol internal spending on research and development 0.454 0641 0516 | 0465
in GOP and GRP - 0.355 0.23 -
ES IC of the financial component 0.503 0511 0495 | 0.508
Profitability of arganizations |excluding smiall businesses) 0.087 0132 @114 @1
Return on assets - - - -
Dynamics af accownts payable of organizations (excluding small businesses) 1 1 1 1
Dynamics of recelvables of organizations (ewcluding small businesses) 0.925 0912 0855 | 0933
ES IC of the technalogical component 0.508 0473 @592 .43
Production index for high-tech manufacturing economic activities Share of 1 1 1 1

domestic spending on research and development in priofity areas of science
and technology development

and technology, in total domestic ressarch and development spending 0.732 0.661 0.715 | 0.708
Mumber of sdvanced preduction technolegies developed Mumber of new - - - -
technologies (techmical advances); software taols acquired by organizations
Production index for high-tedh manufacturing economic activities Share of 03 0.226 0652 | 0.212
domestic spending an rescarch and development in priority areas of science
and technology development

ES IC of the economic and legal component 0.484 0.501 0497 | 0.479
indices of physical volume of GDP 0.464 0.501 @493 | 0.459
Waolume of loans provided to legal entities Number of economic offenses 1 1 1 1
Index of output of goads and services by basic types of economic activity - - - -
Indices of physical volume of GDP 0.471 0.502 0497 | 0.458
ES IC of the sorio-demographic component 0.561 056 0571 | 0.57
‘Working-age pepulation 1 1 1 1
Employment rate 0.856 0.B41 0846 | 0.246
Unemployment rate - - - -
Awerage monthly salary, thousand rubles 039 0.339 0435 | 0.472
Internal companent of EB MK 0,543 0.576 D548 | 0,533
Extzrnal component of EB MK 0.511 0.511 0552 | 0.506
EB MK level 0.53 0.543 0551 | 0.523

The country's lag in the innovation sphere is primarily due to the martial law and the continuation of active
hostilities in a large area of Ukraine, There is a deterioration in the state of extermal econamic security,
The decrease in foreign trade twrmover is caused by the deterioration of logistics routes, their blockade
by the aggressor and the presence of numerous barriers. The rise in inflation in 2022 was the result of a jump
in the hryvnia exchange rate duee to changes in the country's GDP and a decrease in the production capacities
of enterprises of warious levels. The decline in the solvency of Ukrainian organizations led to an increase
in overdue accounts payable. These processes had a significant impact on the level of the country's financial
security, The unfavorable economic situation also affected the standard of living of the population, There was
a decrease in real incomes and, as a result, consumner demand decreased. There was a threat of a decrease
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in the income of the popalation and, as a result, the percentage of the average income tends to approach
the subsistence level, which leads to impoverishment of the population.

The calculation of entropy indicators shows that throughout the analyzed and forecast period, the entropy
indicators characterizes a fairly large influence of production, financial, personnel investrment and environmeantal
factors on the state of economic security of intersectoral complexses. The parameters of the regression equations
were calculated by the least squares method using the Statistica program wsing the data given in Table. 2.

Standard deviations of initial samples data compared to the values of the data themselves are insignificant, that
is, the scatter of points small in the samples. Deviations the maximem and minimum values of the samples from
the respective medians and the average is also small. Valees the coefficent of variation of the samples makes
it possible to judge their homogeneity. Accepted points regression eguations allow you to apply it for
the forecast.

A5 a result of the calculations, the regression equations of the model were obtained, presented in Table, 3,

Table 3. Regression models of econamic security components of sectaral complexes. Source: Calculoted by the cuthors,

Model parametars Pr i Coemip: O of ES | Financial component of ES
of ESIC Ic Ic
Regression Equation | ESIC, = 0000240717 ESIC, =-0.017x+0.4713 E5 ICy = -0.0001x=0.5044
Average 1 0716506 [LAZERTE 0504188
Standard error 0.001012 D.o26869 0.003535
Median 1 OF1721S 0432135 Q505528
Standard deviation 0002025 0053738 0007189
Sample variance 4110 0L002888 517010
Excess 2672685 DLAG5564 -0.05333
Asymmetry -1.63985 [E64944 -0.87658
Interval 0.00445 0127023 0015416
Binimuam 0713568 0372106 0.484541
Mlaxirnun 0718028 0429129 0.511057
Sum 2 A6602G 17156504 2016753
Check 4 4 4
Largest (1) 0718028 0495129 0511067
smallest (1) 0.713568 0.372105 0494541
Rediability lewel (855] Q0323 OL0AG509 0.01144
Model parametars Technological Econamic and =gl | Sorio-demographic
component of E5 IC component of E5 1€ ‘component of E5 IC

Regressian Equation ES 10y = -0.0037x=+0.5037 ES IC = 0,001 Ba+.4943 ES 10 o n =0.0065:-0.5518
Average 0512952 0490248 0.568022
Standard error [N FEYY] 005215 0.004528
Median 0494153 DLASDATT (.565356
Standard deviation O54755 0.01043 Q008057
Sampke vanance Cp0295E Dupo010g B2°10°
Excess 2289132 -4.6903 -2.37708
Asymmetry 156335 -0.0545 0.6528249
Interval 0119943 0.021483 0019367
BAimimism 0471858 DA7I2TE 0560004
Mazimum OSO1802 0500761 0579371
Sum 2051967 1960953 2272086
Check 4 4 4
Largest (1) 0591802 0500761 0579371
Srnallest (1) 0471858 0470278 0560004
Rediability level (5% QUIET127 DL01E5%5 0014411
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Impact

In order to determine the influence and usefulness of the published scientific work, it is worth reminding that
the imter-industry complex is an integration structure that wnites economically interconnected branches
of the production and (or) non-production spheres and characterizes the interaction of different industnies and
their elements, different stages of production and distribution of the product. In arder to correctly interpret
the received data and caloulations, we first want to note that as a result of the analysis of economic data of inter-
industry balances for 36 leading countries of the world, gross value added (GVA] is a significant indicator. Thus,
in 2019 {calculated once every five years), the economies of the following countries had the largest spacific
weight of industrial GVA: China - 36.7%, Korea - 33.7%, Czech Republic - 30.8%, Russia - 27.2% and Mexico -
26.3%. According to this indicator - 22.6%, Ukraine took 33rd place amaong 36 countries of the world. The total
amaunt of VAT of industry in 2019 increased from 91168514 million dollars, in 2004 te 133303710 million
dollars. in 2019 or by 146.2%. From 2014 to 2019, the following countries had the highest growth rates
of industrial GVA: Korea — 203 4%, China - 200.3%, Estonia — 156.2%, Sweden — 154 7% and Russia - 153, (8%
According to this indicator - 97.6%, Ukraine took the 35th place among 38 countries and had a decrease.

Considering the purpose of this research, we will substantiate or refute the hypothesis regarding the feasibility
of maintaining and improving the econometric modeling of economic security cross-industry complax
of Ukraine. Probability predicting the economic security of intersectoral complexes is significant advantage
in madern economy. Based an this model, using regression equations, predictive calculations of the econormic
security of intersectoral complexes for the period up to 2030 were carried out (Figure 3).The proposed method
using econometric models makes it possible to evaluate the results of the development of economic security
of intersectoral complexes and respond to negative performance indicators. In addition, it is necessary to cany
out strategic planning: it should include an active industrial policy in vanous sectors of the economy.

The main requirement when choosing a forecasting method is its sufficient simplicity, combined with acceptable
efficiency and relizbility. The sciantific litarature on socio-economic forecasting, including sectoral forecasting,
offers several hundred methods for developing forecasts.
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Figure 3. Econometric modeling of economic securily of intersactonal complaxes. Source: Authors development.
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In this sita,
should be guided by the specific goals for which the forecast is carried out, consider the hierarchical level
of forecasting, the characteristics of the available data on the socio-economic system, and much more. Quite
often, the choice of a forecasting method is determined not by the appropriateness of its application, but by the
information available o the researcher.

tion, it is impossible o give wnambiguows advice on choosing the optimal farecasting method - one

Forecasting methods are enriched and improved at an accelerated pace, Two factors play a special role in this.
The first is the economic crises of the last quarter of the 20th cantury. They forced economists and managers
to look for new adequate management methods. The second factor is related to the rapld spread of information
technologies and computer equipment. These tools have made outlook analysis and forecasting publicly
awvailabde, They made it passil
and control functions.

e to autarmate, simplity and speed up the execution of a huge number of planning

The main requirements for this information base are:
= probability of guantitative characterist
= sufficiency and completeness of the provided information;
= the systematic nature of the provided information, which implies the possibility of interlinking

the indicators of different information blocks and levels;
= cornparability, ie., consistency of guantitative characteristics of various indicators with each ather,

% of indicators;

The use of econometric modeling and forecasting of the economic security of the inter-industry complex can be
justified by the following reasons:

= firstly, the mechanism of regulation of production, consumption, exchange and distributon
red  and  autonmomous  decisions,

inthe economy  is  characterized by a comples of centrs
the consequences of which can only be described as stochastic processes, Econometric analysis is
intended for modeling such proceszes. Only on its basis it is possible to establish which economic
indicators have dependencies, what is the analytical nature of relations and relationships between
economic phenomena and what are their numerical values;

= secondly, the use of scienti
and forecasting of economic development. Econometric methods make it possible, in addition
to the main variants of forecasts, to model many subseguent variants, in which, as a result of expected
changes in economic policy, certain externally specfied [esogenous) variables change. This use
of econometric models allows to determine the consequences of a number of predictive options for
development and at the same time ensures consistency and connection of the studied indicators;

= thirdly, economatric modeling and forecasting is a fairly effective tool for controlling the proportions
of aconomic development. Complex econometric models reflect the structural and dynamic changes
that are occurring as a whole, This allows you to check compliznce with the main proportions
af the most important indicators during the specfied period and provides information for making

illy based complex econometric models allows for meaningful analysis

decisions about the most appropriate measures of scanomic palicy.

Conclusions

The use of econometric modeling and forecasting of the economic security of an interdisciplinary complex makes
it possible to single out and formally describe the most important, most essential connections between
eronomic varizbles and objects, as well a5 to obtain new knowledge about the object in an inductive way. In such
modeling and forecasting, in a simplified form, under many assumptions, the main dependencies betwern
economic indicators are established. Thus, econometric medeling and forecasting of the economic security of an
interdisciplinary complex is not only a powerful tool for obtaining new knowledge in the economy, but also
awvery important component in justifying the adoption of practical management decisions. To improve
the financial condition and ensure financial stability, it is necessary 1o apply econometric modeling
and forecasting of the economic security of the inter-industry complex. The process of developing management
decisions to ensure a sufficient level of economic security of the interdisciplinary complex must be scientifically
based. This involves the use of econometric modeling and forecasting. In the circumstances that have developed
in most branches of Ukraine at the mament, there i practically no potential for development due to the war
and aggression of the Russian Federation. Leading enterprises are developing development programs that
provide for the expansion of production capacities, renewal of production equipment, development of the
scientific base, improvernent of the consumer properties of the products produced, as well as those produced
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in future periods after the implementation of all warks related to the return ta the pre-war peried, 1t should be
recognized that this is the only possible way out of the crisis and transition to the development of industries.
In this case, the approach proposed by the authors regarding the implementation of econometric modeling
as a strategic lever for planning the development of the inter-industry complex is clearly followed. However,
the implementation of these programs is complicated due to the lack of adequate funding at the moment, since
mast enterprises, if they do implement technological innovations, do so mainly at the expense of their own
funds, which currently slows down the time for their implementation. Without pretending to be exhaustive
of the systematic assessment of the economic security of enterprises, it should be concluded that the necessary
conditions for the formation of an effective system of economic security of the inter-industry comples of Ukraine
are & follows: increasing the level of security of entrepreneurship due to the strengthening of the responsibility
af the state (legal, judicial, institutional, etc.) to economic entities activities; the effectiveness of the business
support policy; implementation of adaptive security management systems; ensuring the internal balance
of the main economic parameters of regional enterprises; strategic focus on long-term and rational
development.
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