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Preface

Introduction

The concept of sustainable development has become particularly relevant due to the
aggravation of economic, social and environmental problems. The main goal of
sustainable development at the global level is humanity preservation, which
requires the abandonment of nature-destroying technologies, structural transfor-
mation of the economy and changes in value orientations of public consciousness.
This goal may be achieved by the balanced development of socio-ecological and
economic systems at various levels. The conceptual foundations and instruments of
sustainable development are becoming national and regional in nature.

The regional economy is characterized by the specific uneven socio-economic
development of entities. This aspect is caused by the heterogeneity of production
factors and interregional differences in solving social problems, such as unem-
ployment, different income levels of the population and mechanisms of regional
state support. At the same time, sustainable development of regions aims to
implement measures for achieving economic growth, developing social sphere,
improving the quality of life, enhancing the demographic situation and developing
industrial, social and market infrastructure. In addition, regional sustainable
development focuses on ensuring economic, food and environmental security in
current conditions of digitalization.

The post-industrial transformation of national economy at an innovation stage of
development requires research that is actual for emerging processes in a society in
the format of sustainable development. Modern methodological tools for studying
various aspects of sustainable development are extensive and differentiated. At the
same time, a comprehensive assessment of the achieved level of regional devel-
opment and its systemic socio-ecological and economic balance requires a com-
bined use of various tools and methods for solving multidimensional tasks of
sustainable development. Moreover, a number of methods are based on the use of
statistical analysis to quantify the process of sustainable development, but a sys-
tematic approach to solving problems of sustainable development requires the use
of expert surveys and other intuitive methods of obtaining initial information to
build theoretical constructions and practical conclusions.

v



The improvement of tools for assessment and management of regional sus-
tainable development should be directed at preserving development mechanisms,
regardless of external and internal conditions and factors. Meanwhile, economic,
social and environmental components become a subject to positive or negative
effects from external factors, which necessitates comprehensive research in the field
of management, business and technology towards sustainable development.

In this regard, this book includes studies of conditions and opportunities for
achieving sustainable economic growth; problems of law and law enforcement,
state and corporate governance in ensuring sustainable regional development;
innovative entrepreneurship; the use of information and communication technolo-
gies for sustainable development; the role of social institutes for improving the
quality of life.
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Forecasting Methods as a Tool for Strategic
Planning of Sustainable Development

of an Agrarian Enterprise

Dzhannet A. Tambieva1(B) and Madina U. Erkenova2

1 Stavropol State Agrarian University, Stavropol, Russia
tamjannet@mail.ru

2 North Caucasus State Academy, Cherkessk, Russia

Abstract. Sustainable development of an agro-industrial complex (AIC) in the
context of market economy requires active introduction of new concepts in strate-
gic planning of business processes based on the latest forecasting tools. The
forecasting of business processes in AIC is mainly represented by the individ-
ual models referring to informal expert reasoning. Global promotion processes
for digital technologies in all economic areas require the creation of specialized
systems of decision support based on the formalized forecasting models. This
paper provides new approaches to forecasting socio-economic and climatic pro-
cesses and/or systems in the context of strategic planning of AIC sustainable
development. The analysis of dynamic specific characteristics of socio-economic
and natural-climatic processes and/or systems has been implemented. The meth-
ods of probability theory, mathematical statistics and nonlinear dynamics (fractal
analysis) were implemented for strategic planning of sustainable development of
the AIC enterprises and the agriculture industry in general. Data mass analysis
according to the key indicators of socio-economic and climatic processes and/or
systems provided a conclusion about the presence of a “memory effect” in their
dynamics. This fact makes it possible to form an adequate strategy of business
processes and minimize the negative consequences of unfavorable events.

Keywords: Agro-industrial complex (AIC) · Forecasting · Strategic planning ·
Climatic and socio-economic processes and/or systems ·
Deterministic/stochastic process

1 Introduction

Strategic planning of AIC operation in general and its enterprises in particular, in
the context of market relations, is impossible without studying the objective laws
of cyclical dynamics of the corresponding socio-economic and climatic processes.
Periodic economic crises of different depth and duration are the objective reality of
the nature of market relations, including medium-term crises observed at the inter-
vals of about once a decade, long-term—semisecular, so-called “Kondratievskie” and
ultra-long-term—secular or, in other words, “civilizational”.
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Along with the specified features of economic processes dynamics, the solution of
the problem of strategic planning at the agricultural enterprises is impossible without
forecasting the features of the corresponding natural and climatic processes, including
the characteristics of the regional hydrological system (risks of drought and/or floods).

All this jointly is one of the most difficult tasks of the modern economy: the cre-
ation of an adequate mathematical tool for predicting the dynamics of socio-economic
and climatic processes and/or systems, aimed besides at the purposes of strategic plan-
ning of AIC sustainable development and prevention and minimization of the negative
consequences of the industry risks.

The efforts to solve this problem have actually led to the scientific paradigm replace-
ment, appearance of new scientific trends, such as methods of nonlinear dynamics [1,
2], fuzzy logic [3], neural networks [4], etc. The classical forecasting models based
on approximation methods, probability theory and mathematical statistics aimed at the
whole class of problems turned out to be inconsistent with the required adequacy level. It
should be noted that it is more typical for natural-climatic and socio-economic processes
and systems.

Along with the well-known concepts of “deterministic/stochastic” system and/or
process, the terms “deterministic chaos”, “nonlinear system”, etc. have been tightly
incorporated in the modern science vocabulary.

The choice of forecastingmethod should be anticipated by the classification problem
solution making it possible to determine the determinism level of considered system
and/or process: to assess the tendency availability, possible cyclicality (quasi-cyclicality),
periodicity (quasi-periodicity), etc.

In the context of market economy, AIC sustainable development needs the tools
development for the business processes strategic planning based on forecasting of the
key socio-economic and climatic processes and/or systems.

2 Materials and Methods

The research of any process and/or system involves data collection at an early stage. As a
rule, the result of collecting such information comprises its representation in the form of
a variational and/or time series [5]. The next most important stage is the process of data
identification in the context of “determinism/stochasticity” is the analysis of relevance to
one of the random variable distribution laws [6, 7]. The special aspects of the dynamics
of socio-economic and natural-climatic processes and/or systems are the following: even
if there are some individual exceptions, in general, these processes and/or systems do
not comply with the normal or quasi-normal distribution law and poorly respond to the
other random variable distribution laws.

One of these exceptions is shown below (see Fig. 1) – time series (TS) of consumer
price indices (DP1) for the food products of one of the regions of the Russian Federation
(TS DP1).

The statistical indicators have been calculated for TS DP1: minimum, maximum,
range, mathematical expectation, dispersion, standard deviation, values of variation
coefficients, asymmetry and kurtosis. A random variable distribution function has been
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Fig. 1. Time series of consumer price indices for the food products of one of the regions of the
Russian Federation—TS DP1.

Table 1. Statistical indicators of time series (TS) DP1.

Statistical indicators Value

Minimum (min) 97,59

Maximum (max) 106,26

Range (R) 8,67

Mathematical expectation (MX) 100,73

Dispersion (DX) 1,59

Standard deviation (SX) 1,264

Variation coefficient (VX) 1%

constructed (Fig. 2) using Sturges’ formula [8]. The calculation results are shown in the
Table 1.

Obviously, the classical statistical analysis has been reasonably informative for TS
DP1. The tolerated forecast error does not exceed 1%. The forecast based on the math-
ematical expectation is adequate for this type of time series and can be used for the
strategic planning purposes.

1 Source: https://stavstat.gks.ru/folder/29846?print=1.

https://stavstat.gks.ru/folder/29846?print=1
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Fig. 2. Distribution function of random variable TS DP1.

However, the same approach for cereals productivity, presented in [9] in the territories
of the modern Russian Federation from 1801 to 2008 has demonstrated non-compliance
with the regular distribution law of a randomvariable (see Fig. 3 and 4). The similar result
was obtained for the natural and climatic time series of average daily air temperature,
water level in the rivers of one of the regions of North-Caucasus Federal District.
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Forecasting Methods as a Tool for Strategic Planning 5

0

10

20

30

40

50

60

70

80

90

0 2 4 6 8 10

Fig. 4. Distribution function of random variable for the TS of cereals productivity in the territories
of the modern Russian Federation from 1801 to 2008.

The investigation of TS for cereals productivity in the territories of the modern
Russian Federation from 1801 to 2008 with the use of the method of R/S analysis [10–
12] made it possible to qualify this series as a time series with “memory” [10–12]. The
“memory effect” in the time series makes it possible to identify the cyclic component
value (Fig. 5).

Fig. 5. The examples of quasi-cycles identified on the basis of R/S-analysis for the observations
No. 52 and No. 107 for the TS of cereals productivity in the territories of the modern Russian
Federation from 1801 to 2008. The memory depth is 7 and 5, respectively.

3 Results

The similar investigations have been implemented for the TS of daily observations of
daily-average air temperature for the period from January 1, 2016 to December 31,
2016 in one of the regions of North-Caucasus Federal District (Fig. 6). The researches
have shown that this TS also does not comply with the regular law of random variable
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distribution and demonstrates the presence of long-term memory (Fig. 7) – the values
of Hurst exponent (H) are within “black noise” [10, 11].
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Fig. 6. Histogram of seasonal temperature variations (daily observations of daily-average air
temperature for the period from January 1, 2016 to December 31, 2016 in one of the regions of
North-Caucasus Federal District). Source (compiled by the authors and based on [12]).
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Fig. 7. Visual representation of R/S-analysis for a time series of seasonal temperature variations
(see Fig. 3). Source (according to the authors’ calculations).
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The similar results have been obtained for the time series of the level of the Kuban
River (Fig. 8 and 9) and Teberda River and other hydrological system indicators.
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Fig. 8. Time series of daily observations of thewater level in theKubanRiver at the gauging station
named after Kosta-Khetagurov from July 1, 2016 to September 30, 2016. Source (compiled by
the authors and based on [13]).
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Fig. 9. Visual representation of R/S-analysis for a time series of the water level in the Kuban
River (see Fig. 8). Source (according to the authors’ calculations).

The classification problem solution at an early stage of data analysismakes it possible
to assess the degree of determinism of considered socio-economic or natural-climatic
process and/or system, to select an adequate predictive model for strategic planning
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purposes and, as a result, to develop an appropriate strategy increasing development
sustainability of both specific elements and the industry in general.

4 Discussion and Conclusion

As highlighted above, forecasting is one of the key components of the strategic planning
process for development sustainability of the AIC enterprises in the context of market
economy. The Fig. 10 shows the “scheme of a strategic planning process at the AIC
enterprises” [14].

Fig. 10. The scheme of a strategic planning process at the AIC enterprises2.

It is highlighted by Ternovykh K.S., Alekseenko A.S., Annenko A.S., Kuzmitskaia
A.A., Ozerova L.V. and others [14, 15] that “the economic literature hardly provide the
formalization of many issues of strategic planning which is in an embryonic stage at
enterprises.” Unfortunately, this thesis remains relevant so far.

Business processes forecasting of in the AIC should be considered in the context
of subjective modeling based on an informal expert reasoning. In our opinion, the eco-
nomic and mathematical approaches to the data analysis in the context of relevant socio-
economic and natural-climatic processes and/or systems have not been sufficiently inves-
tigated. The need for economic and mathematical methods development is prompted
by rapid introduction of global digitalization processes into all economic spheres, the
request for the creation of automated systems of decision support for the management
processes, in the AIC inclusively. The last fact is impossible without development of
formalized (mathematical) methods of data analysis. It should be noted that currently
the AIC remains the least “digitized” industry in all world countries.

The research confirms the nonlinear nature of time series dynamics of socio-
economic and climatic processes and/or systems.

The distinction of the approach used in this paper is to give reasoning to application
of the latest achievements in the field of modern prognostics (the methods of nonlinear
dynamics, in particular,) to the purposes of business processes strategic planning in the

2 Source: Kuzmitskaia, A.A., Ozerova, L.V.: Modern aspects of strategic planning organization
in AIC. Manag. Econ. Syst.: An Electron. Sci. J. 63(3), 13–25 (2014).



Forecasting Methods as a Tool for Strategic Planning 9

agro-industrial sector. It is aimed to support the development sustainability of both the
industry in general and its components.

The implemented mass data analysis allows us to conclude about unambiguous
determinism of natural and climatic processes and/or systems (see Fig. 7 and Fig. 9),
characterized by the long “cycles” (quasi-cycles) and “longmemory” [16]. In the context
of fractal (R/S-analysis) methodology, the corresponding time series are describe as
“persistent” [10]. At the same time, for the statistical data dynamics of crop productivity,
the “memory depth” is limited above by a value corresponding to 11 [9].

Persistence characterizes an important quality of considered process and/or system
and appears in maintaining the actual tendency for a long time. For example, an increase
(decrease) in the past is more likely to lead to an increase (decrease) in the future.

Acknowledgements. The reported study was funded by RFBR, project No. 20-37-90102.
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Abstract. Acceleration of the global post-industrial transformations and expan-
sion of spatial competition make necessary the business ecosystems formation
at the meso-level as one of the advanced forms of economic policy implemen-
tation in the field of entrepreneurship. The authors developed an operator model
in order to manage systematically entrepreneurial environment factors that deter-
mine entrepreneurial ecosystemdevelopment through “the nodal points of growth”
in the relevant periods of development. This model application provides solving
the problems of socio-economic development of Russian regions in an integrated
way. Additionally, we show contributions of increasing regional stability, reducing
social tension and ensuring employment growth.

Keywords: Ecosystem approach · Entrepreneurial environment ·
Entrepreneurial operations · Entrepreneurial ecosystem · Regional development ·
Entrepreneurial capital · Entrepreneurial activity

1 Introduction

Entrepreneurship plays an important role in ensuring the sustainable development of
Russian economy for a number of reasons: from providing support to the social changes
to innovation stimulation. Small business stimulates economic development by opening
new enterprises, creating employment, being a kind of innovative ideas generator in
high-tech economic sectors and contributing to the entrepreneurial potential fulfilment.
For example, the share of small businesses in Japanese GDP (gross domestic product)
is about 63%, in the USA—62%, in Malaysia—47%, and in Russia only 21%.

According to the International Monetary Fund, “currently, the world 90% of enter-
prises belonging to small and medium-sized businesses provide 63% of the global pop-
ulation with employment. The total share of small and medium-sized businesses in the
European Union is 99.8% which ensure employment to 85% of the population” [1].
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However, despite the objective importance of entrepreneurship, the problem of suc-
cessful functioning of contemporary Russian enterprises remains unresolved due to the
artificial obstacles not allowing to fully using the small entrepreneurship potential.

According to the “Doing Business 2020” rating, from May 2018 to May 2019, 115
countries have implemented 294 reforms improving regulation in all areas, support-
ing entrepreneurial operations development and the norms limiting it. A number of
quantitative indicators are used by “Doing Business” [2] to assess the level of favorable-
ness of legal norms for entrepreneurial operations and property rights protection. These
indicators are successfully used to data correlating for 190 world countries.

The indicator of favorable business conditions helps to assess the absolute level of
a country efficiency in regulating business conditions for a certain period. It reflects
the difference between each country’s indicator and the best practices for each of the
indicators among all countries.

The recent reforms have risen Russia from 31st to 28th place in the global ranking
of ease of business operations. It is remarkable that Russia was ranked 120th eight years
ago (Fig. 1).
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Fig. 1. Global rating of business operations in Russia during 2018–2019

The rating positively notes the reforms carried out in Russia in order to accelerate
the process of electricity obtaining, simplify compliance with the tax requirements and
strengthen the minority investors’ rights protection by tightening corporate transparency
[2].

The global entrepreneurship index, designed to measure qualitatively the
entrepreneurial ecosystem in a national context, evaluates 101 economies in total, com-
prising r 95%of the global gross domestic product. The overall ranking takes into account
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a wide range of factors to create an overall index of “the best countries for entrepreneur-
ship”, which include innovation, competitiveness, infrastructure, labor skills, access to
the capital and openness to business (Table 1).

Table 1. Global entrepreneurship index rankings 2020 [3]

Place in the rating Country 2016 2017 2018 2019 2020

1 The USA 85,00 86,20 83,37 83,61 86,80

2 Switzerland 68,60 67,80 77,96 80,45 82,20

3 Canada 81,50 79,50 75,60 79,25 80,40

4 Denmark 71,40 76,00 74,06 74,31 79,30

5 The United Kingdom 72,70 67,70 71,29 77,75 77,50

… …………… … … … … …

80 The Russian Federation 31,70 32,20 25,43 25,22 24,80

According to the “Ceoworld magazine Entrepreneurship Index 2020”, the United
States are recognized as the most enterprising world country, while Switzerland and
Canada share the second and third places respectively. The Russian Federation is only
in the 80th place in the ranking.

The research objective is generating of an operator model for managing systemati-
cally the entrepreneurial environment factors determining the entrepreneurial ecosystem
development by means of “nodal points of growth” in the corresponding development
periods.

2 Research Materials and Methods

The theoretical basis of the research is grounded on the dialectical method of cognition
enabling to study the category of entrepreneurial ecosystem and identify factors affecting
its development at the meso-level.

The following methods were used in the research process: abstract-logical, system-
atic, monographic, structural-logical and techniques of analysis and synthesis (grouping,
typing, comparison). A number of applied methods and techniques are based on logical
conclusions and calculated constructivism.

The information basis of the research was official statistical data, data from open
electronic resources, official Internet sites of the International Monetary Fund, the rating
“Doing Business-2020”, “Ceoworld magazine Entrepreneurship Index 2020”, etc., and
the scientific publications on the investigated subject as well.

It is necessary to highlight the foreign researchers’ works determining the concept
of entrepreneurial ecosystems development. They are A. Tansley, G. Moore, D. Jackson,
D.V. Eisenberg, R. Brown, K. Mason, B. Feld, E. Steam, Tian Xiu-Hua, Nie Qingkai,
Zhang Xiaoren, Ding Lingand, Chen Xiangdong, Carayannis E., D.P. Campbell D.P.,
Zh. Karaslanian, K. Kakuda, S. Vatanabe, B. Mercon, D. Goktas, S. Durst and others.
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However, currently in Russia the considered phenomenon is rather at the stage of
scientific search and justification than in the area of practical use.

Despite the increasing number of studies on this issue various aspects, they do not
provide a comprehensive view of the factors affecting the entrepreneurial ecosystems
development at the meso-level, the ways of their management and evaluation of their
impact on business environment. It confirms the relevance and timeliness of scientific
research in the proposed field.

3 Results of the Research and their Discussion

Russian regional economy of is highly polarized—several relatively successful stand
up against dozens of depressive or inertial regions, which is a large-scale problem of
regional development. Russian researchers N.V. Zubarevich and S.G. Safronov [4] have
paid their attention to the fact that in terms of development the differences between
regions are often as significant as the differences between separate countries or groups
of countries. However, there are key differences between municipal districts within each
region.

We highlight that the policy implementation for small and medium-sized enterprises
(SMEs) development keeps shifting to the regional level, because the territorial entities
of the Russian Federation possess great potential significantly contributing to the socio-
economic problems solving.

The lack of serious breakthroughs in the field of entrepreneurship development (with
a few exceptions) demonstrates that the institutional conditions prevailing in a significant
part of the regions have apparently exhausted their potential for business stimulation.
Lack of development of Russian state institutions, incentive mechanisms, and invest-
ments necessary for business development do not meet modern needs and act as a kind
of limiter for small business development in the regions of Russia.

Despite a large number of targeted programs and budget funds allocated to support
entrepreneurship, it still does not significantly affect the level and pace of socio-economic
territorial development.

In world practice, the concept of regional ecosystems [5–7] is actively used for
entrepreneurial operations development policy. It uses an integrated approach to improv-
ing business conditions and creating a new look at regional area. The achievements in
technologies and increasing globalization have changed the ideas about the best ways of
doing business. It is believed that the idea of a business ecosystem helps companies to
understand how to succeed in dynamic and constantly changing environment. The expe-
rience of industrially developed countries demonstrates that the ecosystem approach
accomplishes the following points:

– stimulates formation of new forms of cooperation for solving economic, social and
other problems;

– increases the level of innovation of small and medium-sized business enterprises;
– provides the opportunities to enter new markets;
– supports effective cooperation and knowledge, professional experience and skills
exchange;
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– allows using the territorial potential to the full extent, which contributes to modern-
ization acceleration of the regional economy.

Within the framework of the ecosystem approach to entrepreneurship investigation, it
is of great importance to take into account the impact of a specific space-time continuum
in all its diversity on the entrepreneurial processes development. This aspect importance
is especially significant for our country due to its huge territorial extent and complex
administrative and territorial structure. It this context, the regions of the Russian Federa-
tion differ from each other not only in economic, industrial, natural resource parameters,
but also often have different socio-cultural, institutional environment, growth reserves,
and specific problems.

Each region is an independent entity of development, implementing its own strategy
and providing support to small enterprises. The need to concentrate such support at the
regional level is subject to independence expansion and background for the authorities’
more effective actions as well.

The regional entrepreneurial ecosystems may become one of the promising forms of
economic policy implementation in the field of entrepreneurship. It will allow solving the
problems of socio-economic development of the territories, contributing to improving
their sustainability, reducing social tension, ensuring employment growth, etc.

The scientific thought evolution determines a controversial nature of the concept
“entrepreneurial ecosystem”. Generalization, analysis and systematization of various
points of view of economic science representatives [8–10] have allowed us to propose
the following interpretation: entrepreneurial ecosystem can be defined as a complex of
interrelated subsystems and elements of entrepreneurship as well as the environment of
their functioning and interaction, contributing to entrepreneurial activity activation and
entrepreneurial capital strengthening.

Accordingly, the entrepreneurial ecosystems possess the following basic features
(Fig. 2).

The favorable business environment supports entrepreneurial ecosystems effec-
tive functioning and development ensuring effective implementation of entrepreneurial
operations aimed at increasing of business ecosystems competitiveness.

Wewill assume the entrepreneurial environment (EE) as a totality of all conditions for
entrepreneurial operations implementation, contributing to the innovations creation and
implementation, providing the entrepreneurs with new opportunities, attracting investors
and leading to the entire ecosystem growth.

Considering the entrepreneurial processes dynamism, we admit that emergent effect
presentation in the form of continuous reproduction of a favorable business environment
is more substantial. The additional emergent effects should also be considered from the
perspective of the studied entrepreneurial ecosystems functioning and development, but
already oriented to the producers, consumers, society and society as a whole [11].

One of the conditions for successful entrepreneurship development is formation and
development of a relevant infrastructure as a system with a certain emergent effect in
accordance with a complex of systemic principles [12]. The state should create and
regulate entrepreneurial ecosystems development by providing favorable conditions for
their operations.
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This approach allows us to consider the operations of entrepreneurial ecosystems,
supporting the organizations, state and other structures not in isolation, but in a sys-
tem whose effectiveness is influenced by a complex of factors determining regional
entrepreneurship current and projected development.

It should be highlighted that both the factors and the degree of their influence
can change in time and geographically. Thus, a situation systematic monitoring and
evaluation is a condition of great importance [13, 14].

Evaluation of these factors impact is possible with the help of a systematic analysis
of regional business environment, which allows characterizing the existing conditions
of entrepreneurial operations.

Entrepreneurship effective performance is impossible without taking into account
the changes of territorial socio-economic environment, significantly influencing
entrepreneurial operations strength.

Thus, a territory possesses dominant influence on small business subjects and objects
and their economic interaction [15]. This fact causes the need to build an operator model
(F: X → Y ) of the mechanism of favorable entrepreneurial environment formation. Its
theoretical visualization is presented in the Fig. 3.

The economic and social functions are performed within the framework of the
regional system, and the increase of entrepreneurial capital creates a multiplier effect,
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Fig. 3. Operator model of favorable entrepreneurial environment formation

contributing to entrepreneurial activity increase and stimulation. Thus, the mecha-
nism of favorable entrepreneurial environment formation in the proposed model is an
interdependent cyclical structure.

The entrepreneurial capital (x) is defined as the region provision with the factors
contributing to new enterprises creation and the level of entrepreneurial activity increase
(y), which has a positive impact on the region socio-economic condition. The regions
with a higher level of entrepreneurial activity demonstrate a higher level of production
and productivity.

A more complete model of this type allows obtaining diverse characteristics of
business conditions and describe the dynamics of changes occurring in regional socio-
economic environment.

4 Conclusion

The proposed model provides systematically the entrepreneurial environment factors
determining the entrepreneurial ecosystem development by means of “nodal points of
growth” in the corresponding periods of development.

The developed model will help the public authorities in assessing state support effec-
tiveness, analyzing the positive and negative results of state regulation of small and
medium-sized businesses development, and in creating effective forward-looking state
policy.
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project 19-410-230041.
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Abstract. The article considers the main directions of improving the efficiency
of the Russian and regional grain product market on the basis of the formation of
integrated structures. In order to present the main trends and general directions
of the grain market development, the technique of expert polling of specialists in
the sphere of agriculture of different professional groups on the basis of ratings
and personal opinions of respondents was applied, allowing to determine the main
directions of the grain product market development. The structure of respondents’
answers and the distribution of their preferences among the spheres of activity
were analyzed. Based on the assumption that the efficiency of the grain product
market is influenced by the organization of production and production relations
on a par with the methods of production, the parameters of enterprises, that are
importantwhen uniting into a cluster, were singled out according to their priorities.
The priority directions of the rational use of the land resources are considered,
the recommendations of solving the main problems and imbalances of the plant
growing industry, in particular the containment of the share of sunflower crops
are grouped. The directions of increasing the efficiency of grain product market,
functioning on the basis of the mechanism of integration and concentration of
production, have been proposed, the main directions of agrarian politics, which
allow to achieve the main objective of the regional grain product market function-
ing, namely, providing the population with the products of own production, are
grouped.

Keywords: Grain products ·Market · Cluster · Poll · Rating

1 Introduction

The zoning of agro-industrial production and the internal organization of the agrifood
market for certain types of products leads to the decentralization of the grain product
market. Decentralization of the agrifood market causes the necessity of the conver-
gence of agricultural production, processing enterprises and trade organizations, which
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contributes to the development of integration contacts in the agrifood market. The inte-
gration is necessary for the successful development of the grain product market [1]. It
optimizes the supply of the agricultural products, providing the processing industry with
raw materials, and maintains the necessary level of product consumption. Moreover, the
integration processes are currently developing at the global markets as well [7], where
Russia has been involved increasingly in recent years as an exporter of grain products
[14].

In the countrieswith developedmarket economies, one of themost promisingways of
economic development and increasing the competitiveness of the state is a cluster policy
[10, 11]. Economists and economic policy planners are increasingly starting to focus
on the topic of local industrial agglomeration and specialization as the most relevant at
the moment. Enterprises in the sector through innovations support business adjustability
and foster endogenous regional development in an expanding global market [2].

The objective of the research is to substantiate the necessity of the development of
the integrated structures in the grain product subcomplex of the agroindustrial complex
of Russia, as well as to determine the most relevant and popular directions of improving
the efficiency of the grain product subcomplex and the grain market, which will ensure
sustainable growth of production by increasing the economic efficiency of production
and sales of grain. The stated goal was reached by determining the main directions
of development of the regional grain product market on the basis of expert opinion of
agricultural specialists and the research of principles of optimization of development
of grain product subcomplex on the basis of formation and development of integrated
structures. The importance of the development of integrated structures is supported
among scientists and practitioners in the sphere of agricultural production, which was
confirmed by the conducted poll.

2 Materials and Methods

The study was based on informational analytical materials, the legislation of the Russian
Federation, official statistical data of the Federal State Statistics Service and theMinistry
of Agriculture of the Russian Federation and Internet resources.

The article employs both universal and general scientific approaches to the analysis
of the problem under study: dialectics, abstraction, deduction, induction, analysis and
synthesis. Specificmethods of the conducted research: analysis and synthesis, economic-
statistical method, method of a comparative analysis and expert assessments.

The economic ties, underlying the formation of clusters can be based on a num-
ber of long-term contracts and operate through vertical-horizontal interactions between
enterprises. Grain product clusters, as geographically concentrated companies and orga-
nizations, may include both processing enterprises and agricultural organizations, or
even companies producing mechanization equipment and chemicals for agricultural
production. Agrarian integration of regions specifies the industry specialization which
is connected with the most optimal climatic conditions for the production of one or the
other type of grain products.

Saratov region and Russia on the whole have a great potential for the development
of the grain product market, but in order to raise its efficiency it is essential to determine
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the directions of its development and the list of required measures should be taken by
the regulating bodies and the participants of the market.

To identify the areas of the efficiency of the grainmarket improvement, we conducted
a poll for the specialists of the agro-industrial complex, which makes it possible to
understand the main trends and overall directions of development.

We formulated a 12-item questionnaire, including two questions about the respon-
dent’s characteristics.

Most of the questions contained fixed answer options, for example question 1 had
options, 5 questions besides the ones listed suggested their answer options, in three
questions one could choose several options, practically all questions with the exception
of four suggested the option “ I find it difficult to answer”.

The poll was conducted among 4 main groups of respondents employed in the agri-
cultural sector (50 people totally): academic staff of the institute, which deals with the
problems of agro-industrial complex, employees (specialists) of agricultural enterprises
from the rural areas, teachers and students of agrarian higher educational establishments.

3 Results

3.1 Grouping the Results of the Poll

The results of the poll were arranged in the form of figures and diagrams with the
grouping of the respondents’ answers.

The results of the survey are presented below. Answers to the first question “Do
you think that the efficiency of the grain product market is insufficient and needs to be
improved?” were as follows: 24% “no”, 67% “yes”, 9% found it difficult to answer.

Answers to the second question were distributed as follows: 27 people consider that
the annual growth of agricultural production is possible by 3–5%, 7 people - by 6–7%,
5 people. - by 8–10%, 6 people - by 11–15%. Only 3 respondents stated that there will
be a decline in production, 2 respondents found it difficult to answer.

Themajority of respondents (59%) assume that over the next 3–5 years, grain product
market volume will not change, 26% chose the option “decline” and 16% of respondents
decided that it will increase.

A structure of responses to the question, “What sector of the grain market is a low-
performing and needs improvement?” is presented (Fig. 1). The majority of respondents
consider that it is necessary to improve the efficiency of agricultural production, while
a fifth of the respondents are in favor of increasing the trade service efficiency.

Significant interest lies in the prioritization of enterprise parameters’ types, which are
relevant when merging into a cluster, to which it was proposed to assign the appropriate
meaning (Table 1).

Respondents placedprofit increase on thefirst place, costminimizationon the second,
human resources (managerial and working) and resource intensity on the final places.
In paragraph 3.3 there is an interpretation of the values of these parameters used in the
evaluation of enterprises, pretending to be united into a cluster.

The majority of respondents consider, that at the current moment it is necessary to
remove administrative barriers (53%), about a third of respondents (29%) suggested, that
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Fig. 1. Structure of answers to the question: “What area of the grain market is low efficient and
requires improvement?”

it is necessary to increase the state support, 17% chose the reduction of energy tariffs, a
tenth part of respondents are confident, that it is necessary to increase the availability of
loans and leasing, and 5% demanded an increase in the state control.

Then follows the distribution of respondents’ preferences among the areas of activity,
that need to be given the greatest attention in order to improve the efficiency of the grain
market (Fig. 2), where the first place is occupied by the technical re-equipment, and then
comes the marketing activities, seed production and research activities, which indicates
the necessity of focusing on the development of production methods and techniques,
which ensure the efficiency of the grain product market.

The opinion on whether it is necessary to support the production and processing
of grain in small forms of management (Peasant farm, Personal subsidiary farm) was
ambiguous - 45% said that this was necessary, 37% refused to support them, 18% could
not make a decision on this question.

According to the third part of the respondents, it is possible to increase the production
and processing of grain products through the introduction of the new varieties (31%),
implementation of fertilizers (23%), increasing the integration (21%), concentration
(19%), specialization (15%). The results demonstrate that, according to the opinion of
experts, the efficiency of the grain product market is influenced by the organization of
production and manufacturing links on a par with the production methods.

Below there is a structure of answers to the question: “How to improve the marketing
of grain and grain products? (Fig. 3). Almost half of the respondents suggested creating
production clusters, more than a third supported the development of cooperation, a little
less than a fifth considered that it is necessary to develop collective farms.

In summing up the results it is necessary to take into account the 5% statistical
error in the calculations and, consequently, the real indicators, characterizing consumer
preferences may fluctuate within about 5%.
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Table 1. The priority of the parameters of the enterprises that are important when combining into
a cluster, people.

Parameters
of products

Significance of the parameter, place, people

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 on average summarized

1.
Managerial
personnel

1 0 1 0 0 1 3 0 0 0 2 2 12 18 10 0 12,70 14

2. Production
personnel

0 0 1 2 1 0 1 0 5 1 0 0 0 8 19 12 13,34 15

3. Personnel
training

2 0 0 3 0 0 2 0 1 1 1 0 3 0 16 21 13,46 16

4. Resource
capacity

2 0 0 1 0 1 0 3 0 4 0 13 14 12 0 0 11,64 13

5.
Profitability

3 3 0 6 18 10 1 1 3 0 0 1 2 2 0 0 5,82 5

6. Stability 3 2 1 3 7 1 4 4 12 9 1 1 1 0 1 7,48 9

7. Production
volume

2 1 1 0 1 8 9 18 6 0 0 1 2 1 0 0 7,46 8

8. Production
structure

1 2 4 5 1 6 15 6 1 0 0 1 1 4 0 3 7,38 7

9.
Consumption
structure

0 1 6 4 7 16 9 1 6 0 0 0 0 0 0 0 5,84 6

10.
Equipment

1 0 0 0 0 2 0 0 12 18 13 0 0 2 0 2 10,08 10

11. Location 0 0 0 2 0 1 0 6 0 0 12 15 8 1 2 3 11,40 12

12.
Expanding
possibilities

2 0 0 0 0 1 0 3 0 14 17 11 2 0 0 0 10,34 11

13. Market
growth

3 5 20 5 1 1 2 2 2 0 0 3 0 1 1 4 5,62 3

14. Quality
improvement

2 2 4 19 4 2 4 3 1 3 3 1 2 0 0 0 5,76 4

15. Cost
minimization

3 23 8 0 9 0 0 0 1 0 1 1 1 0 2 1 4,18 2

16. Increase
in profit

25 11 4 0 1 0 0 3 0 0 0 0 3 0 0 3 3,50 1

3.2 Directions of Increasing the Grain Product Market and Grain Product
Subcomplex Efficiency

Practically all the experts pointed out that the efficiency of the grain product market
functioning is not high enough and demands measures aimed at increasing it. Besides, it
follows from the experts’ opinions, that one should not expect the situation to improve in
a short period of time. The utmost attention should be paid to the reduction of adminis-
trative barriers and the increase of the state support in the sphere of grain production. As
a result, we can identify a number of steps, that need to be taken at the level of enterprises
of the grain product subcomplex in order to improve the efficiency of the grain market:
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Fig. 3. Structure of answers to the question: “How to improve the marketing of grain and grain
products?”

– Introduction of new technologies;
– Increasing of the production organization;
– Strengthening of the integration processes;
– Production consolidation;
– Creation of the agricultural clusters.

The implementation of these measures will enable to increase the efficiency of the
grain market, increase the volume of production, decrease the transaction costs, increase
the competitiveness of the grain product subcomplex enterprises and their products, and
increase the level of satisfaction of the needs of consumers of grain and grain products.
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An important strategic task of the agricultural production development is the rational
use of the land resources, the restoration and improvement of land fertility. Its realization
involves a whole complex of the following measures:

- return into agricultural turnover approximately 850 thousand hectares of arable land
withdrawn from circulation and unused (mainly land shares);
- implementation of irrigation and drainage operations, aimed at restoration of irrigated
lands to the level of 1990 and maintaining the technical condition of irrigation systems
at the required level;
- Increasing the productivity of arable, including irrigated lands, through a set of special
measures (agrochemical, meliorative and cultural-technical, including environmental
forest protection, anti-erosion) [13] and improving the structure of sown areas in accor-
dance with the requirements of a rational system of crop rotations, namely, increasing
the area of perennial grasses, especially in irrigated lands, application of productive
high-quality seed material, introduction of intensive technologies;
- Development and transition to science-based farming systems adapted to the local soil
and climatic conditions.

The involvement into the turnover the currently unused land areas, the reconstruc-
tion of the irrigation systems and further expansion of the irrigated land areas, the whole
range of reclamation measures - are an important resource for the growth of agricultural
production. Hydromeliorative, cultural and technical measures are aimed at the restora-
tion and expansion of reclamation lands. Increasing soil fertility will smooth out the
significant variability of crop yields in Russia. Instability of agricultural productivity in
Russia is also observed in international researches [12]. However, this problem is no
longer a purely national one, since grain production in Russia has an impact on the food
security of many countries [3]. Such a scale will not allow to smooth down the negative
factors of yield reduction only at the expense of the risk insurance [8], a more systematic
approach to increasing the stability of crop yields is required.

Grain production remains the main direction of specialization in Russia’s crop pro-
duction. To consolidation of the country’s position on the grain market it is necessary to
continue increasing grain production, especially to increase the stability of gross yields,
so that in the future they would not fall under 130 million tons, taking into account
increasing exports. Increase in the share of produced crops should be due to the expan-
sion of sown areas, their full and efficient use, increasing yields, improving the placement
of the species composition, increasing focus on the cultivation of the more productive
crops, the use of high-quality seeds and plant protection measures against pests and
diseases. In addition, an extra factor contributing to an increase in the export of grain
can be a reduction of domestic consumption by reducing the use of grain for livestock
feed in “pure form”.

Taking into the consideration the growth of grain production, the state of grain
elevator and storage facilities and their location, along with the possible improvement
of the financial situation of the farms, it can be expected that a number of regions may
experience a certain shortage of capacities. It is necessary to provide the reconstruction,
and possibly a new construction to replace outdated capacities in those regions where
the depreciation rate exceeds 70% on the currently existing production areas.
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It is also important to increase the areas under leguminous crops, perennial legumi-
nous grasses to solve the protein problem in forage production, as with the purpose of
restoring soil fertility, because leguminous crops are the best predecessors. As an exam-
ple, in the Saratov region over 17% of the cultivated area is occupied by the sunflower.
The size of cultivation of this crop exceeds the possible limits, since in the rotation the
sunflower should be re-sown not earlier than once every 7–8 years. Further expansion of
the areas under it is not reasonable. The reduction to a rational level is required. At the
same time, it is preferable to expand cultivation of the other oil-bearing crops, such as
mustard, soybeans and other oil-bearing crops, the crops of which have been reduced and
even liquidated in some areas due to the lower level of marketability and competitiveness
compared to the sunflower. One of the directions of crop production development should
be the expansion of the variety of cultivated species that are in demanded on the grain
market and possess a middle-income potential. In general, the main ways of improving
the efficiency of the grain product market functioning are presented in the figure below
(Fig. 4).
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Fig. 4. The main directions of improving the efficiency of the grain product market

The strategic objective of the agrarian policy, realized in Russia, should be the
creation of the essential conditions, providing the sustained functioning of the agro-
industrial complex, aimed at the financial rehabilitation of the industry and the solution
of its problems. Russia is currently one of the world’ s largest grain producers and
exporters. Foreign trade of agro-industrial complex products has a significant impact on
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the manufacturers’ income, and the internal policy of import substitution in the condi-
tions of sanctions directly and implicitly stimulates national production [5]. A significant
part of grain products is already produced on private farms. Such structural and institu-
tional changes imply shifting the focus of agrarian policy towards the stimulating of the
minor forms of farming, as it has gradually happened in the USA. [4]. Nevertheless, in
our opinion, such support should be based not on the criteria of expanding the production
by any price and supporting the inefficient farms [6], but on the stimulation of expanded
reproduction at the leading enterprises.

4 Discussion and Conclusion

The main task of the agricultural policy is to provide the population with products of
own production. Foreign science and practice confirms the necessity of state regulation
of agrifood markets [9]. On the basis of the results of the conducted poll, we outlined
the most urgent directions of the agrarian policy:

ensuring of the state support for the agriculture at both the national and regional levels;
formation of regional food funds, seed funds, forage grain fund;
formation and regulation of the functioning of the grain product market.
Its implementation may include the following directions:
development of budget programs for stimulating of the agro-industrial production, food
industry, sale of agro-food products, creation and development of market structures;
creation of a fund to support the agricultural producers;
providing the financing of priority areas of the development of agriculture in accordance
to the target state programs;
development of the procedure of agricultural enterprises’ debt restructuring;
ensuring the formation and development of the grain product market, the realization of
its regulation, the expansion of its capacity attempting the entrance and consolidation in
the foreign market.

Consequently, due to the generalization of the scientific material and data obtained
from the poll of the respondents, the necessity of development of integrated formations
in the grain product subcomplex is substantiated, the directions of the development of the
grain market and the grain product subcomplex are summarized and grouped according
to the degree of priority. Formation and development of integrated structures relocates the
regional economic units into the system of competitive economic interrelations; provides
strengthening of economic space of the territory by the means of innovation-oriented
development in clusters, bringing production as close as possible to the sources of raw
materials and places of consumption of final production, placing agricultural production
evenly across the country, aimed at leveling the socio-economic development of the
regions, strengthening the competitiveness of our country; and promotes the further
development of the grain product subcomplex and its infrastructure.
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Abstract. Information security of information systems is vital for the protection
of information resources. If coronavirus 229E, NL63, OC43, HKU1 enters the
human body, one of the therapeutic treatment tactics is used to restore the immune
system. By analogy with this process, an equivalent of the cryptographic infor-
mation protection model is proposed in this paper. The study of the attack of the
COVID-19 virus and the therapeutic treatment of the human body made it pos-
sible to propose a cryptoprotection model based on the algorithm for combating
the virus in question. The modern studies carried out by scientists from various
countries, but most of all by Russian specialists, devoted to the adaptive immune
response, were of decisive importance for the development of vaccines and prepa-
rations of monoclonal antibodies; on this basis, an algorithm for designing cryp-
tographic protection of information that circulates in the system of transmission
and reception through channels of various physical nature. Taking into account
the equivalent of the therapeutic treatment of COVID-19, it is proposed to filter
the user by biometric, characteristics or human parameters (BCP), (HBP) for the
purpose of high-quality and prompt identification. For the scientific approval of
the presented proposals, a mathematical confirmation based on the interpolation
of the Lagrange polynomial is given.

Keywords: Crypto protection · Immune system · COVID-19 · Reaction ·
Equivalent · Information security · Dysfunctional response

1 Introduction

Innovation and technological progress only move forward with fair competition, but
not all organizations and individuals are ready to compete fairly. This undermines the
scientific potential and does not allow for accelerated development. The communication
structure is developing rapidly. More than half of the world’s population is connected to
the Global Information Networks, almost the entire population of the world lives in the
coverage areas of telecommunication networks. Digitalization in the innovation sphere,
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the qualification of specialists allows unscrupulous competitors to illegally obtain sci-
entific or other information, which slows down investment policy. The COVID-19 crisis
has increased digitalization remote activity, and at the same time, the number of attacks
on information resources has increased and, as a result, information leakage in vari-
ous directions. This can be countered by improving the quality of methods and ways
of protecting information, including cryptographic algorithms. The adaptive immune
response of COVID-19, taken as a basis, was crucial for the development of vaccines
and monoclonal antibody preparations; on this basis, an algorithm for designing cryp-
tographic protection of information that circulates in the transmission and reception
system through channels of various physical nature is proposed.

A pandemic caused by the diagnosable respiratory disease Coronavirus-2 (SARS-
CoV-2) caused by acute respiratory syndrome (SARS-CoV), which emerged against the
backdrop of an exacerbation of a public illness. All the health sciences in immunology
and infectious diseases have joined the fight against this persistent disease, which rep-
resents scientific developments in the fight against this virus. This article reviewed and
considered the pathophysiology of SARS-CoV-2 infection and based on the presented
algorithm for generating a model of cryptographic protection of potential and perceived
information. Analyzing immunological research and detection gives us an understand-
ing of the natural processes of host-pathogen interaction in COVID-19, which helps to
reveal a picture of reliable information for determining the tactics of the study of the
disease, including the discovery of new treatments [9]. In addition, the materials pro-
duced bymodern research, specifically devoted to the immune response, are of particular
importance for the development of vaccines and preparations of monoclonal antibodies.
A flurry of information attacks fell upon humanity, as well as an increase in the number
of thefts, destruction of integrity, fake information. It is proposed to take therapeutic
effects on the SARS-CoV-2 virus as an equivalent and carry out information security
modeling, which allows us to set the scientific goal of designing an algorithmic model
of cryptographic information security [2]. It is fairly reliable and confirmed that coro-
naviruses cause disease in humans and animals. Four of these (human coronaviruses
229E, NL63, OC43, and HKU1) usually only cause upper respiratory tract infections
and cause relatively mild symptoms [4]. Diseases in patients are caused not only by a
viral infection, but also by the reaction of the host organism.

2 Materials and Methods

The purpose of the study is based on the possibility of using the cycle of the COVID-
19 virus infection on the human body and the response of the human body and its
immune system to the coronovirus infection to design an information security protection
system. The objectives of the study were based on understanding the penetration of
the COVID-19 viruses into the body and its effect on the defeat of human organs, as
well as the concentration of the organism itself and the therapeutic effect of directed
against viruses [5]. To fulfill the scientific task, theoretical methods were used, which
consisted in systematizing the actual analyzed publication material, studying and testing
theoretical provisions. This made it possible to combine the analyzed materials to obtain
a different result on the formation of an information security algorithm that has novelty
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and relevance [10]. Based on the results of the selection of researchmethods, an empirical
method was chosen, which made it possible to combine the analyzed materials to obtain
a different result on the formation of an information security algorithm that has novelty
and relevance. The materials of the pathophysiology of SARS-CoV-2 infection were
analyzed, on the basis of which an algorithmic model of cryptographic protection of
transmitted and received information was proposed. [3, 11, 12].

3 Results

Combination of processes of origin of entry into the body of the ARDS virus, observed
in severe COVID-19, is characterized by shortness of breath and low levels of oxygen
in the blood, and a powerful release of cytokines by the immune system in response to
a viral infection leads to a cytokine storm and symptoms of sepsis, which is the cause
of death in 28% of fatal cases of COVID-19, due to uncontrolled inflammation leading
to multiple organ failure [6]. Such a process is widely represented in Fig. 1.

Fig. 1. Algorithmic sequence of COVID-19 cyclic activity
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The description of Fig. 1 is proposed to be carried out in an algorithmic way using
the algebraic operations presented in Fig. 2.

Fig. 2. Reflection of the results of the algorithm of algebraic operations of cyclic reality COVID-
19

FromFig. 2 and analysis of the algorithmof algebraic operations of the cyclic activity
of COVID-19, we can conclude that the main stage of infection is the binding of the
virus to the host cell through the target receptor on epithelial cells of the respiratory tract,
alveolar epithelial cells, endothelial cells of blood vessels. SARS-CoV infection reduces
the expression of angiotensin-converting enzyme (ACE2) in lung cells. Because loss of
ACE2 function in the lung is associatedwith acute lung injury, virus-induced suppression
of ACE2. Medical studies have shown that ACE2 regulates the renin-angiotensin system
(RAS) [7].
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Therefore, a decrease in ACE2 function after infection with the virus may lead to
RAS dysfunction affecting blood pressure and fluid and electrolyte balance, as well as
increasing inflammation and vascular permeability in the airways.

The receptor-binding domain (RBD) interacts with its receptor, human angiotensin
(action structure) converting enzyme (ACE2) SARS-CoV-2, severe acute respiratory
syndrome coronavirus-2, is shown in Fig. 3 [1].

Fig. 3. Structure of action of the SARS-CoV spike protein

In order to save all human organs in general, a therapeutic effect against SARS-CoV
is carried out, namely, the target of therapy is blocking the target human ACE2 receptor
or TMPRSS2 [8] (Fig. 4).

There are compounds targeting these molecules that have been approved by the
international therapeutic community. The most compelling example would be neural
network algorithms that predict that baricitinib, a Janus kinase inhibitor (JAK) approved
for the treatment of rheumatoid arthritis, can inhibit ACE2-mediated endocytosis [11,
13]. An alternative strategy is to deliver high concentrations of a soluble form of ACE2,
which could potentially reduce viral entry into target cells.

Thus, from a medical point of view, we can conclude:

- antibodies (formed by vaccination or by adaptive transfer) block the interaction of
SARS-CoV-2 with the ACE2 receptor in host cells;
- TMPRSS2 prevents cleavage of the spike protein, which is necessary for the
introduction of the virus into the host cell;
- virus-specific CD8+memory T-cells left over from a previous vaccination or infection
can differentiate into effector cells during re-recruitment. When they identify infected
cells presenting virus-specific epitopes, they degranulate and kill the infected cells before
they can produce mature virions;
- in a new treatment that targets the symptomsof a cytokine storm, thebloodofCOVID-19
patients is passed through specialized reservoirs that are specifically designed to capture
anti-inflammatory cytokines, after which the “purified” blood is returned to patients.
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Fig. 4. The target of therapy is blocking the target host ACE2 receptor or TMPRSS2 (enzyme
inhibitors)

4 Discussion

Based on the target of therapy, it is proposed to show a model of an attack on an
information system (Fig. 5).

Fig. 5. An attack on an information system with the aim of destroying its integrity or destruction

Based on the model of attack on the information system (IS) and information
resources (IR), it is proposed to consider the design model of crypto - security of IS
and IR on the example of an information resource (Fig. 6).

To complement themodel presented in Fig. 6, themain causes of unauthorized access
to information and violations of technical information systems are presented, Fig. 7.



34 A. Troshkov et al.

(various methods of protection) 

Protective system of reflection 
and neutralization of attacks 

attack 
Illegal receipt of 

information resources

Inf. 
resource 

Information system 

Legal receipt of information resource 
segments 

Fig. 6. Cryptoprotection model against unauthorized access to information resources

Fig. 7. Causes of unauthorized access

Analyzing the target of therapy - blocking the target ACE2 receptor of the host
or TMPRSS2 and reflecting the results of the algorithm of algebraic operations of the
cyclic reality of COVID-19, we can conclude that it is important to create an anti-
inflammatory “feedback loop” (dysfunctional response), which is interpreted from the
point of view of equivalence as the design of cryptoprotection from introducing the
actions of cryptanalysts not “friendly” users.

If we consider and analyze Fig. 2, then digital encryption is proposed to apply the
protection of information resources, the purpose of which is to close information while
maintaining the main characteristics of signal-code structures (SCS) and having high
resistance to attacks. However, at the first stage, taking into account the equivalent
of therapeutic treatment for COVID-19, it is proposed to filter (user) by biometrics,
characteristics or parameters of users (human) (BCP), (HBP).

The choice of biometric characteristics and parameters, which are carried out
according to the following proposed algorithm (Fig. 8).

Based on the execution of the algorithm (Fig. 8), BCPandHBPare selected according
to the presented method, taking into account the biometric agreement. Next, an analysis
of the attack on the information resource or the transmitted carrier signal (information
carrier) is carried out. The attack, as a rule, is deliberate, which means that the damage
caused can be represented in the following interpretation (Fig. 9).
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Fig. 8. Sampling algorithm for BHP and BBP

Fig. 9. Possibility of damage

Analyzing Fig. 9 and the equivalent of COVID-19 treatment, the creation of an
“anti-inflammatory feedback loop” is proposed.

Based on possible violations and damage, it is necessary to identify the channel of
attacks on information, that is, if considered with the previously presented equivalent,
then this can be compared with the definition of a viral cell and its possible consequences
in the human body. Therefore, a model is proposed that allows determining the share of
cryptographic violations in the transmission of information, its processing and storage.
Conducted judgments on this issue made it possible to propose a model for determining
attacks and predicting damage from it (Fig. 10).

Thus, from the presented model (Fig. 10), you can achieve the following results:
pre-determine the attack sites and the probability of losing the information part, as well
as destruction of the integrity of the cipher message. For a more accurate assessment
of the result, an expert level was used to determine the damage, which is assessed on a
single quantitative scale.

The expert assessment level presented in Fig. 11 makes it possible, by equivalent
- the generation of anti-inflammatory drugs, to form methods of encryption protective
measures to prevent damage assessed on a single quantitative scale.
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Isolating the COVID-19 treatment algorithm from the equivalent scheme, it is pro-
posed to use multifactorial biometric cryptography, and the increase in multifactoriality
will be based on the intensity of the attack and the effectiveness of decryption, as well
as the expected success.

Fig. 10. Model for determining attack and damage

The success of this proposal lies in the fact that in building up multifactorial biomet-
rics, a given set of BCPs (HBP) is used, consisting of simple BCPs to complex BCPs,
and their integration increases the security of cryptographic information, which makes
it possible to maneuver and perspective. However, there are limitations in the choice
of biometrics in the set of presented and known BCPs, since due to the possibility of
damage, it is necessary to complicate their application.

Figure 12 is an expanded block diagram of the therapeutic response equivalent.
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Fig. 11. Expert level assessment

Fig. 12. Structural diagram equivalent to therapeutic response

Mathematical confirmation of the operation of the circuit (Fig. 11) can be carried
out using the interpolation of the Lagrange polynomial (because layered BCG is used).

P is a cloud where the nature of the BHP and HBP consists of m-elements, since
cryptographic sequences S are involved in the transmission, which consist of j parts
carrying information of different secrecy n, then using a polynomial with the function
f(x) we have:

F (x) = a0 + a1 + a2x
2 + . . .+ aj−1x

j−1 (1)

then the segmentation (markedness) will be determined

{pif (pi)} (2)

From formulas (1) and (2) it is possible to confirm the possibility of using a (layered)
biometric system as a response to cryptanalytic influence. Studies conducted on the
model showed high resistance to decryption of protected information.
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5 Conclusion

The set scientific task of studying scientific works in the field of immunology and infec-
tions showed the possibility of understanding the biological dynamic processes of the
host-pathogen interaction in COVID-19, which helped to reveal the picture of important
therapeutic information for determining the tactics of managing the diseased and them,
including the establishment of new methods of treatment with infection. The analysis
of the scientific materials of the recent studies on the adaptive immune response is of
decisive importance for the development of vaccines and preparations of monoclonal
antibodies, which made it possible to design a layered cryptographic protection of infor-
mation with the introduction of biometric characteristics. Based on the studied target
of therapy, a model of an attack on an information system is proposed. However, at
the first stage, taking into account the equivalent of therapeutic treatment for COVID-
19, it was proposed to filter (user) by biometric, characteristics or parameter of users
(human) (HCh), (BHR). This made it possible to assume that the presented protection
algorithm is of good quality, and the expert evaluation showed the possibility of gener-
ating anti-inflammatory drugs, to form methods (methods) of cryptographic protection
to prevent damage assessed on a single quantitative scale. From the equivalent scheme
of the COVID-19 treatment algorithm, the use of multifactorial biometric cryptography
is proposed, and the increase in multifactoriality will be based on the intensity of the
attack and the effectiveness of decryption, as well as on the calculation of the expected
success. Mathematical confirmation of the operation of the equivalent circuit was car-
ried out using the interpolation of the Lagrange polynomial, and this made it possible
to assert the possibility of using a (layered) biometric system as a response to cryptan-
alytic influence. Simulation of various attacks on the information environment showed
resistance to decryption and loss of information integrity, which gives the prospect of
designing a high-level software platform for protecting information resources.

Acknowledgement. The team of authors expresses gratitude to the team of the medical com-
munity of the Stavropol Regional Clinical and Diagnostic Center for valuable consultations and
clarifications on the clinical actions of COVID-19 and explanation of the infection counteraction
processes.
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Abstract. In the context of global and regional instability, competition for sales
markets, resources and cost effectiveness, political factors influence on economic
processes, special attention is paid to economic security of Russia generally repre-
senting economic security of its regions. The objective of thework is to develop the
target indicators for regional economic security monitoring, identify the positions
and prospects of its development, a complex of measures aimed at its sustainable
development. Based on the critical analysis of native and foreign scientists’ works,
laws and regulations, the authors provide the interpretation of the concept “regional
economic security” represented as the state of socio-economic system ensuring the
implementation of national interests and regional sustainable development. The
mechanism of ensuring regional economic security is presented. 24 indicators
for regional economic security evaluation are developed by an analytical method.
Indicators characterizemacroeconomic, innovative, social, environmental and for-
eign economic development of a region, as well as the level of its industrial, food,
energy, financial and personnel security. The study is carried out for the southern
Russian region - Krasnodar territory. The potential threats and risks in industry,
energy, innovation and social development, environmental and foreign economic
areas of the region are specified. A complex of measures of the regional economic
security program is proposed. It assumes to increase investment and innovation
activity in the real economic sector, attract the private capital to finance research
and development, introduce the waste-free technologies, and improve the foreign
trade activities regulation. The scientific novelty of the research is the clarification
of a concept “regional economic security” and identification of analysis indicators
and potential threats to Krasnodar territory economic security.

Keywords: Economic security · Region ·Monitoring · Indicators · Threshold
values · Threats

1 Introduction

Nowadays special attention is paid to Ensuring Russian economic security in the context
of international economic penalties against the country, permanent underfunding of the
real economic sector, technical and technological underdevelopment of the material
and technical base and low innovation activity. Economic security is ensured both by
early forecasting and identification of the threats to the national economic mechanism,
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and development of a complex of measures applied to prevent or localize the negative
consequences of specified threats. The level of state, society and individual protection
determines directly the stability of material, industrial, social, political and spiritual
spheres of society.

Almost all world countries have adopted the relevant laws and regulations that are
the basis for an integrated state policy formation in the field ofmilitary, economic, social,
environmental, and information security.

There are a great number of approaches to the concept “economic security” in the
scientific national and foreign literature. A lot of scientists associate economic security
with the global economic system and its terms of reference – with unsteady socio-
economic development, the external debt growth, the cyclical economic and food crises
and other globalization aspects [4, 6, 13, 15].

Other researchers focus on the conditions and factors of national economysustainable
development, including free access to energy sources, liberalization of investments and
opportunity of goods and technologies exchange [1, 3, 5, 16]. The International Red
Cross Committee defines economic security as the capacity of individuals, households
or communities to meet their basic needs.

Thus, the majority of implemented research is focused on economic security inves-
tigation at the global and national levels. In our opinion, national economy sustainable
development is only possible bymeans of increasing of its competitiveness. In the context
of structural transformation of world economy, increasing market volatility, instability
of the international financial and economic system and reduction of real and financial
investments flows it can be achieved by resistance of its regions, individual industries
and enterprises against the negative impact of stochastic threats to economic security.

The objective of our article is to develop monitoring indicators, assess the level
and justify the measures aimed at ensuring regional economic security and sustainable
development.

2 Materials and Methods

The theoretical background of the research comprises the national and foreign economic
scientists’ scientific papers [1, 3–6, 9, 10, 13–16], laws and regulations of the Russian
Federation and its constituent entities [2, 8, 12], statistical data of socio-economic devel-
opment of Russia and its regions [7, 11], existing techniques for the level of economic
security evaluation. The research is developed on the results of a comparative evaluation
of socio-economic development of Russia and its regions based on calculation of the
indicator average value for the period of 2015–2020. The initial statistical information
has become Rosstat and Krasnodarstat data.

Based on the calculation results, a system of indicators characterizing the security
level of all spheres of the region’s economy has been formed. The indicators threshold
values have been defined as well. The threshold values of the share of imported goods in
industrial and food potential, national expenditures on research and development, educa-
tional funds, health and social policy, the share of persons engaged in scientific research
were defined in accordance with international comparisons and expert conclusions.

When specifying the indicators, it has been considered that the threshold values are
determined by consideration period, economy development, geographical and natural
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features. The number of indicators in the system is sufficient to implement all necessary
evaluations. The degree of indicator deviation from the threshold value and its dynamics
characterize threat realization probability. Achievement of the threshold values of socio-
economic development indicators determines stability of the economic, environmental
and social processes of a region and its capacity for self-development and progress.

Based on the research results, the economic security level and its threats applied
to Krasnodar territory have been determined and a complex of measures to strengthen
economic security has been presented.

3 Indicators Characterizing Regional Economic Security

The actual Russian law, the concept of “security” is defined as “protection of individual,
society and state vital interests from internal and external threats”. It first appeared in the
Lawof theRussian Federation “OnSecurity” as of 05.03.1992,which gave the grounding
for the national security system. Personality, personality’s rights and freedoms, society,
itsmaterial and spiritual values, state, its constitutional system, sovereignty and territorial
integrity were defined as the main security objects [8].

TheNational Security Strategy of theRussianFederationwas approved by theDecree
of the President of the Russian Federation No 400 as of July 2, 2021, in accordance with
the federal laws “On Security” and “On Strategic Planning in the Russian Federation”.
The named strategy defines national interests, aims, tasks and ways of national security
ensuring. The concept “economic security” is interpreted as “protection of national
economy from external and internal threats which ensures economic sovereignty of the
country, unity of its economic area, the conditions for implementation of the strategic
national priorities of the Russian Federation” [2].

Thus, economic security is characterized by ownership relations, economic mech-
anism and development of the institutions of state power providing sustainable and
balanced development of national economy. Economic security management is aimed at
countering the risks and threats to the country’s economic system. It is provided through
implementation of a complex of measures oriented to maintenance of its stability and
economic potential development.

A special role in ensuring national economic security is assigned to the particular
region capabilities to form and develop the state and regional economic potential. The
regional economic system is a complex of relations between economic entities striving
to sustainable growth. It is characterized by the specific production features creating the
differences in the combination of conditions and factors, institutions and mechanisms
aimed at protecting the economic interests of a region and improving its residents’ lives.

Themechanism of regional economic security provision is presented in the Fig. 1 and
includes the elements of managerial relations, organizational and economic instruments,
the measures to prevent, neutralize and eliminate the threats, as well as the economic
crimes. In other words, regional economic security is the state of socio-economic system
providing implementation of the national interests and regional sustainable development.

The key background for regional economic security provision is implementation
of the activities of strategic regional program comprising the laws and regulations that
codify the threats to national and regional economic interests, the counteractionmeasures
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and effectiveness control of managerial decisions. The object of regional economic
security is all areas of real and financial-credit economic sector, consumer markets and
trade, households and the individual.
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Fig. 1. Mechanism of ensuring regional economic security

Ensuring economic security is impossible without its level evaluation and threats
monitoring. Economic security monitoring is an integral part of its mechanism and
should guarantee accuracy and timeliness of the values obtained. The monitoring is
based on differentiation of the indicators of socio-economic development grouped into
the integrated blocks characterizing macroeconomic, innovative, social, environmental
and foreign economic development, as well as the level of industrial, food, energy,
financial and personnel security.

Macroeconomic development of a region is characterized by the indicators of per
capita gross regional product and the annual inflation and unemployment rate. The
indicators threshold values are fixed at the national average level and recalculated subject
to the deflator indexes.

An important indicator characterizing regional economic security is the level of
industrial development. The share of industry in Russian economy is over 30% and
its development is one of the key focuses of socio-economic strategy. The state policy
implemented in the industrial sphere is aimed at elimination of the endemic problems
slowing down innovative development of its industries.

It can be highlighted the following problems: low labor productivity, high energy
and material consumption, a high level of depreciation of fixed assets, lack of financial
opportunities and other factors. We propose using three indicators to evaluate region
industrial security: the level of depreciation of fixed industrial assets, the threshold
value of 40%, the volume of per capita industrial production, the threshold value of
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448.9 thousand RUB and the share of imports in industrial potential, the threshold value
of 20%.

Ahighgrowth rate of national economyand its constituent entities is impossiblewith-
out agricultural sector development achieved by the innovative solutions for agricultural
products production and maintenance of import substitution policy. Food security, both
at the state and regional levels, is characterized by physical and economic public avail-
ability of all types of food in the amount sufficient to lead an active and healthy lifestyle.
We propose the following indicators to assess the level of regional food: the level of
self-dependence in the basic types of food products, the threshold value of 90%, the
volume of agricultural products per capita, the threshold value of 44.6 thousand RUB
and the share of imports in the regional food potential, the threshold value of 20%.

The major objective of strategic planning in the field of economic security of each
country is to ensure continuous access to the energy resources at a fair price. The growth
of energy consumption andunequal distribution of global energy resources require timely
decisions to ensure national and regional energy security. It can be evaluated by the
following indicators: the volume of fuel and energy resources production per capita and
the level of regional provision with electricity. The indicator threshold level calculated as
the ratio of total production per country population is 21.3 thousand RUB. The threshold
value of the balance of electric energy production and consumption is 1.

The regional financial sphere ensures financial, credit and monetary resources dis-
tribution in order to solve the problems of regional socio-economic development. The
key indicator of this system effectiveness and its functioning security is zero balance
of regional consolidated budget. The balance between revenues and expenditures of
regional consolidated budget is achieved by a high level of economic development and
the growth of population’s real disposable incomes. The indicator of own funds share in
the revenues of consolidated budget is of particular importance. The share of taxes on
property, personal income, profits, and uncompensated receipts should be at least 75%
of the total regional revenue, otherwise, it may lose its financial sovereignty.

We consider personnel security through entrepreneurial activity efficiency due to the
regional workforce potential growth. It can be evaluated by the following indicators: the
number of students enrolled in the higher and secondary vocational education programs
and the number of employees at the scientific institutions. The threshold value is deter-
mined by the method of international comparisons. It is 300 people per 10 thousand of
population and 2.5% of the number of people engaged in the economy. Development
of a network of specialized secondary, higher and scientific institutions, a variety of
educational programs and practice-oriented training will provide the regional economy
with highly qualified human resources.

Innovative development plays a decisive role among the economic security indica-
tors, since the efficiency level of socio-economic system in general depends on timeliness
and the quality of innovations introduced in the regional economy. The higher are the
research and development costs, the higher are the share of innovative products in the
economic sectors. The internal research and development costs are assessed in % of
regional gross product, and the threshold level established on the basis of international
comparisons is 2.2%. The share of innovative products in regional industry should be at
least 25%.
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Regional social development is characterized by the following indicators: the ratio
of average per capita income to minimum subsistence level and the amount of funds for
education, health and social policy. Since the subsistence minimum level is calculated as
a cost of a conditional consumption basket and provides a minimum standard of living,
the population’s incomes (wages, business income, interests on deposits, social and other
official incomes) must exceed it at least 3 times for an acceptable standard of living. It
is proposed to fix the threshold value of the level of funds aimed at the social sphere at
12% of the revenues of regional consolidated budget.

Regional ecological state is closely related to social development. Living standards
and conditions depend on the volume of harmful substances in the environment, there-
fore, the threat to environmental security appears if discharge of contaminated waste
water and emission of pollutants into the atmosphere exceeds the established value of
5.0 m3 per km2 and 6.0 thousand tons per km2.

In the context of world trade decline, foreign economic development is a key priority
in the national and regional socio-economic development strategy and regions. Russian
foreign trade turnover is over $ 550 billion USD, and its 80% come fromMoscow and St.
Petersburg, Moscow, Leningrad, Kaliningrad, Sverdlovsk, Kaluga regions, Primorskii
and Krasnodar territories and the Republic of Tatarstan. Exports plays an important role
in ensuring economic security, so, we propose to assess the level of foreign economic
development of a region by a coefficient of import–export coverage ratio and the volume
of exports per capita with thresholds of 1 and 20.000 USD, respectively.

Based on regional economic security evaluation, a relevant program is developed,
which includes the following implementation priorities:

1. to overcome the consequences of the global and national economic crisis, achieve
economic growth in regional economy real sector and subject it to the objectives of
national and regional socio-economic development.
2. to achieve food security and self-dependence by increasing the efficiency of regional
agro-industrial complex and import substitution.
3. to enhance regional financial security bymeans of monetary, credit, banking and fiscal
policy.
4. to increase the level of regional energy security through energy conservation policy
and development of regional energy potential, diversification of electricity sales markets
and creation of conditions for competition in the field of energy provision.
5. to ensure technological safety by means of updating and upgrading the enterprises
and organizations technical and technological base.
6. to improve environmental security by preventing extreme environmental pressure.

4 Analysis of the Economic Security Indicators of Krasnodar
Territory

Krasnodar territory is one of the most important Russian regions and a leading one in
the Southern Federal District. It possesses a well-developed educational system, large
scientific and production potential, developed industrial, construction, fuel and energy
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complexes, the sphere of information and communication technologies, as well as agro-
industrial, transport, resort, recreational and tourist complexes. The Strategy of socio-
economic development of Krasnodar territory was adopted in 2018 and corresponds
to Russian priorities of socio-economic development and determine a special status of
Krasnodar territory in the national economy [12].

Krasnodar territory covers the area of 75.5 thousand km2 in the southern part of
the Russian Federation, in the south-west of the North Caucasus. More than 5.5 million
people live in the region, about 53% in the cities and 47% in the rural areas. The average
population density is 66.6 people per 1 km2. The largest cities are Krasnodar (948.8
thousand people), Sochi (432 thousand people), Novorossiisk (340 thousand people)
and Armavir (187.2 thousand people).

Dynamic development of Krasnodar territory economy is primarily subject to the
richest resources of agricultural land, including chernozems,whose area is 4805 thousand
hectares, which is 4% of all-Russian and 2% of world reserves. Krasnodar territory ranks
first among the constituent entities of the Russian Federation in terms of production of
grain, sugar beet, fruits and berries. It is the second in production of sunflower seeds
and honey, eggs, livestock and poultry meat (in live weight) and the third in milk and
vegetables production.

The ratio of Krasnodar territory in the structure of some all-Russian indicators is
shown in the Fig. 2.

0.00 1.00 2.00 3.00 4.00 5.00 6.00 7.00
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Fig. 2. Ratio of Krasnodar territory in all-Russian indicators (2020)

Retail trade is one of the key consumer sectors in Krasnodar territory. The variety
of trade formats with stable consumer demand is motivation for the medium and small
businesses. Oil refining industry, chemical and petrochemical production, and energy
industry are developedby large andmedium-sized enterprises producingpetroleumprod-
ucts, electricity, mineral fertilizers, sulfuric acid, plastic products, fiberglass, paint and
rubber products. Krasnodar territory demonstrates the high rates of investment activity.
The total volume of investments has an annual growth rate of 5–6% and exceeded 319
billion RUB by 2021.

We have developed a system of indicators to evaluate the level of economic secu-
rity of Krasnodar territory. It includes 24 indicators grouped into 10 blocks reflecting
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macroeconomic, innovative, social, environmental and foreign economic development,
as well as industrial, food, energy, financial, personnel security of the region. The Table
1 demonstrates the indicators of economic security of the region.

Table 1. Economic security indicators of Krasnodar territory

Indicators 2020 g Threshold values

Regional gross product per capita, thous. RUB 502.6 516.0

Annual inflation rate, % 4.2 5.0

Unemployment rate, % 4.2 4.0

Level of depreciation of fixed industrial assets, % 37.2 40.0

Industrial output per capita, thous. RUB 191.6 448.9

Share of imported goods in industrial potential, % 24.2 20.0

Self-dependence in the basic types of food products, % 93.6 90.0

Volume of agricultural products per capita, thous. RUB 70.4 44.6

Share of imported goods in food potential, % 35.2 20.0

Extraction of fuel and energy resources per capita, thous. RUB 11.0 21.3

Ratio of electricity generation to consumption 0.38 1.0

Balance of regional consolidated budget to regional gross product,
%

−0.04 0.0

Share of own funds in consolidated budget revenues, % 79.2 75.0

Ratio of public debt to own income, % 30.0 30.0

Number of students of secondary and higher education institutions
per 10,000 persons

390.3 300.0

Number of individuals engaged in research activities to employed
persons, %

0.25 2.5

Internal expenses on research and development to regional gross
product, %

0.7 2.2

Share of industrial innovation, % 2.2 25

Ratio of average per capita income to minimum subsistence level,
%

3.1 3.0

Funds for education, health and social policy, % 7.6 12.0

Discharge of polluted waste water, m3 per region area, km2 8.6 5.0

Emissions of pollutants into the atmosphere by stationary sources,
thous. tn. per 1 km2

6.3 6.0

Import–export coverage ratio 1.25 1.0

Volume of exports per capita, thous. RUB 1.1 2.0
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Macroeconomic Development
The regional domestic product of Krasnodar territory has increased by 48% over the
past 5 years and amounted to 2890 billion RUB by 2020. Its cost per capita exceeded
500 thousand RUB and amounted to 97.4% of the national level. The annual inflation
rate was 4.2%, which is below the threshold one. The number of unemployed people is
160 thousand people. The unemployment rate in the considered period decreased by 0.7
percentage points and did not exceed the threshold value of 4%. It should be noted that
the coefficient of tension in the region is 0.6%, i.e. there is a sufficient number of jobs
for most of the citizens looking for employment.

Industrial Security
The industrial production accounts for about 17% of the regional gross product. It pro-
duces over 590 thousand tons of oil, 1670 million m3 of gas, 500 thousand tons of clay,
4.5 million m3 of sand and other minerals. The food production is valued at about 400
billion RUB, coke and oil production – 158 billion RUB, rolled metal and various metal
products – at 80 billion RUB.

The industrial production volume reaches 1 trillion RUB, and the average number of
industrial workers exceeds 200 thousand people. The average annual value of industrial
fixed assets is 1 trillion RUB. Their physical and moral depreciation reached 37.2%
with a threshold value of 40%. The industrial production volume includes the cost of
produced and sold gas, water and electricity, goods of manufacturing industries, as well
as extracted minerals per capita of the region. This indicator is fixed at the level of 448.9
thousand RUB per capita, while this indicator was only 191.6 thousand RUB or 42% of
the threshold value in Krasnodar territory. The share of machinery, equipment, vehicles,
consumables, components and finished products of imported production in the region
is 24.2%. It exceeds the threshold value and poses a threat to the regional industrial
security.

Food Security
Agricultural production of Krasnodar territory increased by 17.3%during the considered
period and reached 400 billion rubles in 2020, which is almost 2 times higher than the
threshold value per capita. The crop production is more than 68% of the manufactured
products and increased its volume by 8.2%. The livestock production increased by 43%
and reached 126 billion RUB in value terms.

Self-dependence in the main food products, considered as the ratio of regional pro-
duction and domestic consumption in Krasnodar territory, reaches 94%, which exceeds
the established threshold. The share of imported products in the food potential of
Krasnodar territory is quite high and amounts to 35.2%, which is 15.2 percentage points
higher than the threshold value. A large share in imports is occupied by vegetable prod-
ucts – 36%, fats and oils – 10%, food products, including beverages and tobacco – 6.1%,
animal products – 1.7% of the total import volume.

Energy Security
Krasnodar territory is the oldest oil-producing Russian region. There are oil and gas
deposits in the Azov-Kuban cavity. Annually, the cost of extracted fuel and energy
resources is about 10 billion RUB are extracted in the region. Electricity generation in
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the region is provided by 40 thermal and 2 hydroelectric power plants with the total
capacity of 2,370 MW. However, the energy security analysis has shown that the region
does not have any significant energy resources reserves. It is an energy-deficient region,
and the lack of electricity is compensated by the flows from the neighboring power
systems. The cost of extracting fuel and energy resources is almost 2 times lower than
the threshold value, and the share of electricity generated in the region does not exceed
38%.

Financial Security
Krasnodar territory ranks second among Russian regions in terms of public debt (100
billion RUB). The budget loans comprise its major part. The threshold value was reached
by a high share of own funds in the consolidated budget revenues, as well as the con-
solidated budget balance. The last one was ranged from -0.9 to 1.2% to the regional
gross product in the examined period. The financial security indicators have reached the
threshold value, what characterizes a high level of financial security in the region.

HR Security
The number of students enrolled in the secondary and higher education programs is 220
thousand people. It is 390 people per 10 thousand of population and higher than the
threshold value. However, the number of people engaged in science does not exceed
7000 people, which is 0.25% of the number of people employed in the region at the level
of threshold value of 2.5%.

Innovation Development
Currently, over 6.5 billion RUB are directed to the regional scientific and educational
institutions for research and development. It is 0.7% in relation to the regional gross
product. The share of innovative products in Krasnodar territory does not exceed 2.2%,
with a threshold value of 25%.

Social Development
The of Krasnodar territory population’s actual incomes amount to 35.6 thousand RUB.
It is 3.1% in relation to the subsistence minimum which is higher than the accepted
threshold value. The expenditures on education, healthcare and social services account
for 7.6% of Krasnodar territory consolidated budget, which is 4.4 percentage points
lower than the threshold value.

Ecological Development
Waste water discharge into the water bodies of Krasnodar territory is carried out by the
enterprises of heat-power, food, oil refining and mechanical engineering industries. Its
annual volume is about 3000 million m3, which forms 67% of the total volume of waste
water in the Southern Federal District. Pollutants emissions in the region amount to 6.3
tons per km2, and 90%of them are from the stationary sources. In terms of environmental
pollution, Krasnodar territory is included in the TOP-10 Russian regions along with
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Krasnoiarsk territory, Khanty-Mansiisk autonomous district and Primorskii territory.
The indicators of environmental pollution exceed the threshold values by 5–70%.

Foreign Economic Development
Krasnodar territory trade turnover with the foreign countries is 10.2 billion USDwith the
share of far-abroad countries of 90%. The balance of foreign trade turnover was positive
in the amount of 1116 million USD. The import commodity structure is dominated
by food products, chemical products, machinery and equipment. The mineral products,
agricultural rawmaterials,metals and their derivatives prevail in the commodity structure
of exports. The exports amounted to 5638 million USD with the current imports volume
at the level of 4521 million USD, what made it possible to obtain an import–export
coverage ratio of 1.25. The exports volume per capita in Krasnodar territory amounted
to 1.1 thousand USD with a threshold value of 2 thousand USD.

It order to prevent and eliminate the threats to Krasnodar territory economic security
which were identified during the analysis, we have created a complex of measures aimed
at regulation of its socio-economic system:

1. Investments attraction in manufacturing industries development (mechanical engi-
neering and metal working, building materials production, chemical, glass, wood
working and light industries). It will allow the enterprises and organizations to
implement timely modernization and technical re-equipment of production, expand
production capacity, reduce the depreciation level of fixed assets and increase the
production volume.

2. Private capital attraction to provide research and development with financial sup-
port subject to the concession agreements. It will create the research structures at
enterprises and organizations, increase production efficiency and reduce the share
of imported goods in the regional production potential.

3. Development of a consolidating regulatory legal act in the field of innovation. Its
application will permit to consider the goals of all stakeholders and participants
of innovation process (the state, a municipality, organizations, business incubators,
technology parks, etc.), stimulate the regional innovative activities and increase the
share of innovative products in the regional economic sectors.

4. Introduction of a complex of methods to reduce harmful substances emission in
the environment at industrial enterprises and introduction of waste-free, low-waste
and resource-saving technologies in agro-industrial complex. It will increase the
protection level of natural objects, human life, health and ownership interests.

5. Introduction of the international quality standards at the regional export-oriented
enterpriseswhat will increase national products competitiveness in theworldmarket.

5 Discussion and Conclusion

The research has established that the level of regional economic security plays an impor-
tant role in socio-economic development of Russia. The considered theoretical and
applied aspects of ensuring economic security have made it possible to develop a sys-
tem of indicators for assessing the regional economic security. The system characterizes
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macroeconomic, innovative, social, environmental and foreign economic development
of the region, as well as the level of industrial, food, energy, financial and person-
nel security. The presented target indicators fully specify the opportunity of achieving
the regional economic security and allow implementing its quantitative and qualitative
evaluation.

The evaluation of Krasnodar territory economic security has detected the threats
to sustainable development of industry, energy, innovation, social, environmental and
foreign economic spheres. The crisis situations have occurred due to the disturbing fac-
tors, such as output reduction at the industrial companies, domestic goods displacement
from the market, destruction of production and technical potential, economy deindus-
trialization, scientific research reduction, disappearance of the organizations engaged
in scientific research, personnel loss in the field of complex technologies, problems of
regional financing, instability of financial resources directed to the social sphere, growth
of harmful emissions, increase ofman-made loads andnatural systems imbalance. Export
increase of raw materials instead of the goods produced using advanced technologies
reduces its quality and foreign exchange earnings, puts negative pressure on the foreign
trade balance and slows down the processes of technological renewal.

The developed anti-crisis measures are aimed primarily at increasing investment and
innovation activity in the real economic sector, attracting the private capital to finance
research and development, introducing the technologies that reduce harmful emissions
into the environment and improving foreign trade activities regulation. The research
practical significance is the use of developedmethodology of regional economic security
evaluation and the complex of measures aimed at strengthening its socio-economic
system by managers and specialists of legislative and executive authorities. It will help
them to develop regional economic security programs and socio-economic development
strategies.

We see the further research prospects in the investigation of legal-regulatory
and scientific-methodological support of the regional economic security. Only legal-
regulatory acts allow establishing the rights and obligations of all participants of eco-
nomic activity, and the scientifically based methods of threat assessment help to obtain
timely and reliable results.
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Abstract. The process of economic activity of the organization in modern condi-
tions is subject to the continuous impact of a large number of external and internal
factors that can significantly hinder its development and put in risk the possibility
of economic growth. A complex characteristic of the success of the organization’s
business processes and management efficiency is financial sustainability. In the
theory and practice of financial management general approaches to the analysis of
financial stability, based on the study of the structure of capital of the organization,
identifying the degree of financial independence of the business and the provision
of reserves by own sources are recommended. Agricultural production has histor-
ically developed a capital structure with a predominant share of own sources and
a high share of inventories in current assets, resulting in an inherently high degree
of financial stability of the organization. But at the same time in economic activ-
ities can be fixed ups and downs in sales, net profit, return on capital. This in no
way reflects the sustainability of the organization’s development, its progressive
economic growth. In the scientific study the methodology of analysis of financial
sustainability of agricultural organization was proposed, the stages of which are
based on the analysis of creditworthiness and evaluation of the effectiveness of
agricultural production. The systemof indicators of financial sustainability of agri-
cultural organization is proposed for realization of the analytical task. Particular
attention in this system is paid to the analysis of material and biological liquidity
ratios, the monetary content of net profit and the impact of economic value added
on the increase in equity. The implementation of the proposed methodology in
practice is designed to provide a real assessment of the relationship between the
financial stability of the organization and its economic growth, contribute to the
validity of management decisions being developed.

Keywords: Sustainability of development · Sustainability of production ·
Financial stability · Solvency · Indicators of financial sustainability

1 Introduction

Under modern conditions of economic and business development, the problem of ensur-
ing the sustainable development of the economic entity in the agricultural sector becomes
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particularly relevant. Successful progressive development of agricultural production
serves as a basis for sustainable development of the whole national economic complex
of the country [12].

Agricultural production is a sector subject to the negative impact of various factors
of climatic, political, social, epidemiological nature, the manifestation of which causes
unprofitability of activity and hinders the development of enterprises [2].

The problem of sustainability in the economic system of society has been worrying
scientific minds for decades. The theory of sustainable development, which appeared in
the second half of the twentieth century, questioned the unlimited nature of the possi-
bilities of increasing production and consumption in connection with the limited natural
resources on the planet and the increasing damage to the environment [7]. At the same
time, the current growth of agriculture has been achieved mainly in an extensive way [8],
so the issue of sustainable development of agricultural organization requires an urgent
review and solution.

Sustainable agricultural development can be achieved by ensuring the reproduction
of productive capacity, human resources and the natural environment for a longer period
of time [6].

The general stability of an organization presupposes such a cash flow movement,
which ensures a constant excess of income over expenses. Financial sustainability is a
kind of mirror of such excess stably formed at the enterprise. The analysis of financial
sustainability is based on the study of ratios, reflecting the structure of capital of the
organization. In this case, the higher the degree of financial risk of activity, the lower the
financial sustainability of the organization and vice versa. In our opinion, this conclusion
is not always economically correct and justified.

For an agricultural organization it is advisable to evaluate financial sustainability on
the basis of determining the organization’s ability to uninterruptedly finance material
and biological current assets, maintain the efficiency of production and reproduction of
capital, ensure the growth of the monetary content of net profit. The purpose of scientific
research is to develop a methodology for analyzing the financial sustainability of an
agricultural organization.

2 Materials and Methods

The development of modern economic operations in the activities of business entities
is accompanied by a high degree of uncertainty, the presence of crisis phenomena,
tightening of the market environment for the functioning of organizations [1]. In these
difficult conditions, the sustainability of agricultural organization development depends
on timely and qualitymanagement decisions in all spheres of activity. Particular attention
should be paid to the problems of the organization of financial flows, the efficiency of
movement of which is the key to the financial sustainability of the organization.

Concerning the definition of economic essence of financial sustainability there are
many points of view, having either common features or significant differences. Some
authors interpret financial sustainability as the stability of the financial position of the
enterprise, provided by a sufficient share of equity [10]; others define financial sustain-
ability as the ability to assess financial capacity to withstand various external and internal



Financial Sustainability of an Agricultural Organization as a Condition 55

influences and fulfill all obligations [5]; others under financial sustainability understand
the state of financial resources, their distribution and use, which provide, under accept-
able risk, uninterrupted operation, sufficient [13]. Most authors present financial sus-
tainability in a narrower way than it should be, expressing financial sustainability in two
or three indicators.

Financial sustainability is the ability of the enterprise to maintain a normal finan-
cial condition under adverse influences of factors of internal and external environment
through the optimal structure of capital and assets, the competent ratio between assets
and sources of their formation, the effective use of resources and rational reinvestment
policy [5].

The object of the scientific study is the economic activity of the Joint Stock Company
Breeding Plant Krasnogvardeyskiy of the Leningrad region of the Russian Federation.
The main specialization of the organization is dairy cattle breeding. JSC Breeding Plant
Krasnogvardeyskiy is one of the leaders among the agricultural enterprises of the district.
As the research shows, in recent years the farm has been systematically working steadily
to increase production volumes, which allows it to achieve high financial performance
and actively introduce advanced technologies and equipment.

Financial sustainability of the agricultural organization is a complex characteristic of
assets and capital, formed as a result of the interaction of diverse material and financial
movements, capable of generating economic benefits in the coming period and provide
as a result of this increase in equity. In this regard, scientific research is built on a
comparative analysis of the dynamics of changes in capital, assets, profits and cash
flows of the organization.

In accordance with the objectives of the study used methods of summary and group-
ing of economic data, comparison and dynamics, financial ratios, graphic. The study
was carried out on the basis of the accounting statements of the organization. Analytical
calculations were carried out using the software product Microsoft-Excel.

One of the generalizing indicators of financial sustainability and economic growth of
the organization can be considered an increase in the value of net assets. In JSCBreeding
Plant Krasnogvardeyskiy the net assets for the period from 2015 to 2020 increased more
than twice (Fig. 1).

 

0

50000

100000

150000

200000

2014 2015 2016 2017 2018 2019 2020 2021

Fig. 1. Dynamics of increase in net assets of the organization, thous.
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Judging by the figure, in JSCBreeding PlantKrasnogvardeyskiy for the past six years
there has been an economic growth of activity, which allowed to provide an increase in
net assets for the period by 716 million rubles.

In the study it was proposed to allocate three stages of analysis of financial
sustainability of the agricultural organization (Fig. 2).

Stages of the analysis of financial 
sustainability of the agricultural organization 

1. Assessment of the 
availability of financial 

sources for current operations 

2. Analysis of capacity to 
pay 

3. Evaluating the efficiency 
of agricultural production 

1.1. Analysis of capital, assets 
and financial 
independence 

1.2. Assessment of the security 
of assets with financial 
sources 

2.1. Estimating cash 
movements  

2.2. Analysis of liquidity and 
capacity to pay 

3.1. Assessment of the 
effectiveness of 
agricultural business 
management 

3.2. Assessing the future 
development prospects 

Fig. 2. Description of the analysis of financial sustainability of the agricultural organization

The analysis of financial sustainability of agricultural organization begins with the
study of the composition and structure of capital. Due to objective laws of technological
and biological nature, agricultural production requires the use of capital in the form of
material objects and biological organisms. This determines the presence in the composi-
tion of the assets of the agricultural organization of a larger share of fixed assets, tangible
and biological current assets, financed mainly from its own financial sources. Therefore,
in the process of analysis it is necessary to determine the degree of security of the most
important types of assets by financial sources.

At the second stage of the financial sustainability analysis it is necessary to evaluate
the state of solvency, which is an external manifestation of the financial sustainability
of the organization. Solvency analysis should be based on methodical approach, which
is based on cash flow management system. In the conditions of growing competition
for any subject the question of realization and maintenance of ability to generate by
current business processes the increase of cash flows represents the paramount task of
achievement of necessary level of business efficiency [13].

The conducted research leads to the conclusion that there are various approaches to
the analysis of solvency of the organization, in the process ofwhich scientists recommend
a large number of financial indicators, diverse in their semantic and economic content
[3]. In our opinion, the main directions of analysis at this stage should be the assessment
of liquidity of assets and determination of solvency on the basis of cash flow movement.

The third stage of the analysis of financial sustainability of agricultural organization
is devoted to the study of the efficiency of agricultural production. Modern agricultural
organization is a complex system consisting of many interrelated and interacting ele-
ments, the assessment of the effectiveness of which can include a variety of indicators.
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Financial sustainability of agricultural organization development largely depends on the
quality of management, i.e. on the effective organization of the financial management
system of the enterprise.

The implementation of the proposed stages of the analysis of financial sustainability
involves the calculation and assessment of the following system of financial indicators
(Table 1).

Table 1. The system of indicators of financial sustainability of agricultural organization

Indicator Calculation methodology Symbols

1. Assessment of the availability of financial sources for current operations

Equity share RFI = EC
A , (1) RFI – financial independence

ratio; EC – equity capital; A
– assets

Availability of MCA and
BCA’s own funds

RMBCA = NWC
MCA+BCA , (2) RMBCA – availability ratio of

MCA and BCA; MCA
– material current assets; BCA -
biological current assets

2. Solvency analysis

Material liquidity ratio RML = MCA
CL , (3) RML – material liquidity ratio;

MCA - material current assets;
CL – current liabilities

Biological liquidity ratio RBL = BCA
CL (4) RBL – biological liquidity ratio;

BCA – biological current assets

Credit solvency ratio RCS = CCI
CO (5) RCS – credit solvency ratio; CCI

– Current cash income; CO
– credit obligations

Net income cash content ratio RNICC = NCFCO
NP (6) NCFCO – Net cash flow from

current operations; NP – net
profit

3. Evaluating the efficiency of agricultural production

Capital productivity index ICP = IA
C (7) ICP – capital productivity index;

IA – income amount; C
– average annual capital

Profitability of equity capital PEC = NP+Am
AC (8) PEC – Profitability of equity

capital; NP - net profit; Am -
amortization; AC – average
annual equity capital

Share of economic value added
in net asset accretion

SEVA = EVA
�NA (9) EVA – economic value added;

SEVA – share of EVA in net
asset accretion; �NA – net asset
additions
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The proposed system of indicators allows performing an integral assessment of the
financial sustainability of the agricultural organization,whichmakes it possible to present
a complete picture of stability (or instability) of its development.

A required condition for ensuring a smooth production process and maintaining the
continuity of capital turnover of the agricultural organization is the constant availability
of material current assets in the form of seeds, feed, petroleum products, mineral fertil-
izers, as well as biological current assets in the form of young animals and animals in
growing and fattening.

The ability of an agricultural organization to meet these current needs from its own
sources is paramount to the financial sustainability of the entity.

3 Results

The formation of a certain level of financial sustainability of the agricultural organization
occurs in the process of production, processing and sale of agricultural products, works
and services to buyers and customers.

In the course of scientific research various absolute and relative indicators, most
often recommended for the study in the analysis of financial sustainability of commercial
organizations, were analyzed and investigated. This made it possible to give the author’s
definition of the term under study in relation to an agricultural enterprise.

Financial sustainability of agricultural organization - an integral characteristic of its
financial condition in the environment, expressed through the following components:
maintaining the optimal structure of capital and assets, maintaining solvency and the
ability to continue normal business activities, management of financial risk and return
on capital to maintain and increase the market value of the business.

Let’s analyze the dynamics of the provision of current activities in JSC Breeding
Plant Krasnogvardeyskiy with financial sources (Table 2).

Table 2. Dynamics of current activity security ratios, units.

Indicators 2015 2016 2017 2018 2019 2020

Equity share 0,74 0,72 0,79 0,83 0,87 0,89

Availability of MCA and BCA’s own funds 1,27 1,38 1,17 1,16 1,36 1,38

During the study period, the organization steadily increasing share of its own sources,
which indicates a high degree of ability to finance the need for material and biological
current assets - this indicates the use of the farm rational and science-based farming
systems, feed production and animal husbandry.

The availability of an abundance of the most important types of current resources
allows the farm to maintain a high degree of liquidity and control the ability to meet
credit obligations (Fig. 3).

The values of biological and material liquidity ratios ranged from 2.5–3.0 in 2016 to
10–12.5 in 2017. The high level of these ratios in 2017 was due to a sharp decrease in the
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Fig. 3. Analysis of solvency ratios of an agricultural organization

amount of current liabilities. In general, the values of material and biological liquidity
ratios are quite stable and testify to a high degree of liquidity of the current assets of the
organization.

In JSC Breeding Plant Krasnogvardeyskiy long-term financial sources in the form
of bank and leasing loans prevail in the composition of borrowed funds. As of the end
of 2015 the organization was able to repay 20% of all credit liabilities at the expense
of monthly incoming cash on current activities; as of the end of 2020. - already 48%.
This indicates the improvement of settlement and payment relations of the farm with
financial creditors.

Under market conditions, the goal of entrepreneurial activity is to make and generate
profit. At this stage of development, when the external economic climate of business
has significantly worsened for various political, environmental and social reasons, the
monetary content of the net profit received by the subject is of paramount importance.
In JSC Breeding Plant Krasnogvardeyskiy, the lowest value of this ratio was recorded in
2018, when net income of 120.3 million rubles was supported by cash receipts of 98.6
million rubles, i.e. by 82%. The best indicator of this coefficient is recorded in 2019.
(160%), in this year the farm achieved a net profit of 90 million rubles, and cash inflows
from current activities amounted to 144 million rubles.

At the next stage of the analysis we will study the evaluation of the efficiency of
agricultural production in JSCBreeding Plant Krasnogvardeyskiy. Production efficiency
can be expressed as an indicator that reflects the ability of an economic entity to produce
the maximum amount of products with the minimum use of resources and the existing
level of technology [4].

As mentioned above, the efficiency of production in the agricultural organization
depends on a number of factors, the fundamental ones are: in crop production - the orga-
nization of crop rotation system, reclamation work; in animal husbandry - the system
of breeding, maintenance and feeding of animals. At the level of the farm as a whole
the most important factor is the system of organization and management of economic
activity, motivation of management personnel and the entire staff of the organization.
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With an integrated and systematic approach to the accounting of all factors, competent
and purposeful managerial impact on their manifestation is possible to ensure the sta-
bility and efficiency of agricultural production and achieve financial sustainability of
development. Let us analyze the recommended financial indicators (Fig. 4).
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Fig. 4. Analysis of agricultural production efficiency indicators, %

As shown in the figure, the farm’s level of capital productivity is stable, with the
exception of 2018. The sharp increase in capital productivity in this year was due to an
increase in other income in the activities of the organization associated with the disposal
of land and fixed production assets. The growth rate of total revenues in 2018, compared
to the previous year, was 64%.

Profitability is considered as a characteristic of efficiency [9]. The indicator of prof-
itability of the equity is offered to analyze, taking into account the sum of the accrued
for a year depreciation of fixed assets. As research has shown, at the expense of use of
depreciation the profitability of the equity rises from 63 to 124% a year. As a negative
moment we note a decrease in the return on equity for the period by 25%.

The amount of economic value added is a net increase in the value of the sub-
ject’s equity created solely by the quality of the organization and management of eco-
nomic activity. The economic value added is calculated according to the following
methodology:

EVA = (RIC −WACC) × C, (10)

gde EVA – economic value added; RIC – return on invested capital; WACC – weighted
average cost of capital; C – average annual capital.

The dynamics of the EVA is shown in Fig. 5.
A comparative analysis of the changes in the economic value added indicator and

the increase in net assets allows us to speak of a direct relationship between these
indicators, which indicates the sustainable financial development of JSC Breeding Plant
Krasnogvardeyskiy. Each ruble of increasing net assets generates on average about 10
pennies of economic value added in the organization, which, in our opinion, is a fairly
high indicator of stability and sustainability of economic growth for an agricultural
enterprise.
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4 Discussion

Financial sustainability is amultidimensional characteristic not only of the financial state
of the organization, but also an integral criterion of the effectiveness of its economic
growth. The stronger is financial sustainability, the higher is the possibility to provide
economic growth of the entity.

The study of the system of financial sustainability indicators in JSC Breeding Plant
Krasnogvardeyskiy allows us to make a significant increase in the scale of economic
activity of the organization.

Agricultural production in the farm is organized in such a way that allows to achieve
an annual gross profit, taking into account budgetary support, on average up to 115
million rubles. Stable profitability of economic activity allows the organization to provide
the build-up of equity capital, the share of which has increased for the period by 20.5%.

To assess the impact of financial sustainability on the economic growth of the orga-
nization in the research study developed and proposed a methodology for analyzing
financial sustainability, which includes analytical steps and calculation of the system of
interrelated financial performance indicators.

As a result of the study it was found that in some years in the JSC Breeding Plant
Krasnogvardeyskiy there were processes, the course of which can not be interpreted in a
single way, in particular: a sudden decrease in the volume of short-term debt financing,
a sharp increase in the amount of other income, a significant increase in cash receipts for
current activities. This led to a jump in economic indicators of financial sustainability.
The revealed tendency of financial indicators is not, in our opinion, the basis to draw a
conclusion about violation of stability of development of the organization. In the activity
of any economic entity there are always different situations and phenomena, the course
of which may have a positive or negative impact on the change of indicators.

A distinctive feature of the proposed approach to the analysis of financial sustain-
ability can be called its complexity and focus on the study of the cash flow of capital in
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agricultural production, which allows to assess the organization’s ability to meet pay-
ment obligations to creditors, to finance the current and long-term needs for necessary
resources and ensure further development.

5 Conclusion

Business of any organization today is exposed to a huge number of different, diverse,
external and internal factors that can not only simultaneously paralyze the normal course
of economic business processes, but also lead to a loss of solvency [11], and the financial
sustainability of the organization.

The study of financial sustainability of agricultural organization is a complex and
labor-intensive process, which requires certain time and labor inputs. Most scientists-
researchers in the analysis of financial sustainability of an organization pay attention to
the financial nature of this category, sincerely believing that the presence in the capital
of the organization of a larger share of own sources and their constant increase act as a
precondition and condition of financial sustainability and, ultimately, the sustainability
of the economic entity.

It is worth recognizing that to some extent this statement is justified. Orientation in
development of economic activity on own means of financing gives some advantages
in the form of the minimum financial risks and absence of constant financial tension
in settlement-payment relations of the organization. But at the same time such finan-
cial “freedom” essentially limits possibilities of realization of new capital investments,
introduction of the innovations connected with cultivation of new varieties of plants,
farm animals [6], production technologies that can hamper effective development of the
organization.

Sustainable development of an agricultural organization is a dynamic process of
quantitative and qualitative changes in the use of resources, achieving and maintaining
an optimal scale of activity to increase economic value added.

The use of the proposed methodology of financial sustainability allows you to give
a clear and distinct picture of the sustainability of the development of the agricultural
organization. In the future the research of problems of financial sustainability of agricul-
tural organizations can be directed to the development of normative criteria of financial
indicators and the construction on this basis of the scale of financial sustainability of the
organization.
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Abstract. The article classifies the existing and promising digital technologies
in agriculture in terms of complexity of applied equipment, information and com-
munication and computer software. The factors possessing the greatest impact
on effectiveness of agricultural management system digital transformation are
specified and systematized. The digitalization analysis of technological process
management system in the agricultural sector of Russia andKrasnodar territory are
implemented. Additionally, the indicators of expected investment efficiency and
riskiness in the process of development of innovative precision agriculture tech-
nologies with digitalization elements by the regional agricultural organizations
are determined. The importance and effectiveness of widespread introduction of
precision crop and livestock farming technologies into national agriculture are
grounded and proved. Moreover, the land use boundaries for the agricultural pro-
ducers of Krasnodar territory are established. The investments in development of
precision crop farming technology lower than the fixed level are economically
impractical and high-risk.

Keywords: Digitalization · Precision agriculture · Technical and technological
agricultural innovations · Investment efficiency and riskiness

1 Introduction

Nowadays, one of the most significant challenges facing global agriculture is the dete-
rioration of production conditions related to the world climate changes and population
growth. These factors provoke the lack of food, what can be overcome only by using of
various industry innovations. Thus, according to the forecasts available, at breakthrough
growth of food demand, the planet population will exceed 9.5 billion people by 2050.
Productivity of land and water production resources will tend to decrease.

One of the priorities of global agriculture innovative development is technological
processes digitalization implemented mainly on the basis of widespread development
of precision crop and livestock farming technologies [2, 6]. The share of agricultural
producers using these advanced production technologies is 60–80% in the countries
with developed economies, while it is only about 5% in Russia [3]. Thus, the accelerated
technical and technological modernization in Russian agriculture based on development
of precision crop and livestock farming technologies with the elements of digitalization
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is the most important direction of increasing industry efficiency which requires deep
economic justification.

The research has identified and systematized the factors determining effectiveness
of Russian agriculture digitalization. The existing and promising digital technologies in
agro-industrial complex have been classified, the level of digital infrastructure develop-
ment in the rural areas has been determined, and investment effectiveness and riskiness
in innovative projects implementation in the field of agriculture digitalization has been
calculated.

2 The Concept of Digitalization and Classification of Digital
Technologies in Agriculture

Agriculture started actively developing and applying the digital technologies in the late
1980s, when the systems of machine units global positioning and the methods of remote
earth sounding became widespread. It met well the system of conducting agro-industrial
production with its seasonality, dependence on weather conditions and large areas of
land. Currently, the task of agriculture digitalization is reduced mainly to the usage of
big data in digital form for makingmanagement decisions based on artificial intelligence
[8].

We consider national agriculture digitalization as deep technical and technologi-
cal industry modernization with creation of a group of specialized digital platforms to
increase labor efficiency and productivity in the agro-industrial complex (AIC), as well
as timely information support when making managerial decisions at the different levels
[4, 7].

All of this involves collection and digitization of production and economic informa-
tion in automatic mode at all stages of final products value creation in AIC. Inclusion of
end-users data in the information flows, who can also receive the necessary information
about applied technologies used and products quality before sale. It allows the producers
to adjust production solutions in a timely manner in order to satisfy the current consumer
preferences as much as possible.

The next industrial revolution is based on the systems of electronic management of
decision-making using big data, the Internet of things, artificial intelligence andmachine
learning. Presently, these digital technologies are introduced in agriculture in the form of
elements of precision crop and livestock farming. The machinery, equipment and living
biological objects are combined based on the Internet of things into a single information
andmaterial complex through a system of sensors, special-purpose devices and robotics.
Agriculture digitalization involves the use of special software and computer applications,
global positioning systems, robotics, self-driving aerial vehicles, artificial intelligence,
block chain technologies, machine learning, etc. in production activities [5, 10].

The research made it possible to classify existing and promising digital technologies
in agriculture by complexity level (Table 1).

The first group of technologies in the Table 1 includes the mobile applications and
software for the producers to obtain information when making management decisions.
The second group includes precision crop and livestock farming technologies using
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self-driving aerial vehicles, global positioning systems, the Internet of things and soft-
ware based on the neural networks and machine learning. These technologies make
it possible to increase all production processes efficiency, automate data accumula-
tion and digitization and implement recommendation systems in agricultural enterprises
management. The third group comprises self-driving agricultural machines, robotics,
advanced achievements in the field of artificial intelligence. All mentioned things have
not been widely used in agriculture, but have great potential for economic, technical and
environmental efficiency [5].

Table 1. Classification of digital technologies in agriculture by complexity level

Technology complexity Contents

Low Information support with the use of industry mobile applications and
software

Average Precision crop and livestock farming technologies, self-driving aerial
vehicles, geo-positioning and navigation systems, Internet of things,
software with machine learning elements

High Robotics, self-driving agricultural machines, artificial intelligence,
digital platforms

3 Factors Influencing the Effectiveness of Russian Agriculture
Digital Transformation

Wide dissemination of digital technologies in Russian agriculture, requires the activation
of organizational, economic, technical, technological and social factors, which can be
divided into basic and special ones (Fig. 1).

The basic factors ensure the beginning and further development of the program of
Russian large-scale agriculture digitalization. The factors include the following issues:

– providing the agricultural producers with the access to high-speed Internet andmobile
communication networks;

– human capital development in the rural areas;
– state support of the digital transformations processes in the agro-industrial complex;
– formation of a system of workers’ professional retraining for the digital solutions and
platforms operation;

– strengthening the agricultural producers’ financial and economic condition.

The special factors include the following issues:

– leaders’ and specialists’ awareness of digital technologies economic benefits;
– innovative entrepreneurship development in the field of digitalizationwith import sub-
stitution of robotics and advanced achievements in the field of artificial intelligence;
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– scientific foundations development for agricultural enterprises management in the
frameworks of digitalization;

– creation of a reliable system of information and digital security and data protection.

Fig. 1. Factors influencing the effectiveness of Russian agriculture digital transformation

4 Actual Status of Management System Digitalization
for Technological Processes in Russian Agriculture

The analysis showed that currently the infrastructural conditions for large-scale agri-
culture digitalization have not been created in Russia. The main indicators of digital
infrastructure development in the rural areas are presented in the Table 2.

Thus, the level of access to broadband high-speed Internet in the rural areas, where
the agricultural organizations are mainly located, is significantly lower than in the cities.
This fact creates one of the main problems for agricultural production accelerated digi-
talization. The rural population also has a relatively low level of digital literacy compared
to the urban residents: only 5.8% of the rural population possess digital technologies
above the entry level, while this indicator value is 14.3% in the cities [1].

At the same time, four Russian agricultural organizations out of five use the Internet
only for sending e-mail. It is notable that after 2020, the agricultural organizations began
using the Internet more actively to implement their employees’ professional retraining.
Currently about 25% of Russian agricultural organizations have their own websites. The
most popular computer programs in the agricultural organizations are the systems of
accounting and electronic document management used bymore than 60% of agricultural
enterprises.
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Table 2. Key indicators of digital infrastructure development in the rural areas, 2019

Indicator Agriculture in general Crop farming Livestock farming

General index of agriculture
digitalization *

23 21 24

Share of organizations (%) using
fixed broadband internet access

68.9 62.4 70.0

including data transmission speed
above 100 Mbit/s

5.0 4.0 5.1

own website 24.1 23.6 24.3

electronic procurement system 14.3 n/d n/d

electronic sales system 8.3 n/d n/d

Share of agricultural workers using
the Internet in their activities, %

10.5 11.5 9.5

Share of information security
costs, %

2.8 3.2 2.0

* The arithmetic mean of the share of agricultural organizations using basic digital technologies;
the source: [1]

According to the Higher School of Economics (HSE), the calculated index of agri-
culture digitalization of the Russian Federation was 23 percentage points in 2019. At
the same time, its value in livestock farming was higher than in crop farming.

Krasnodar territory belongs to the regions with a high level of digitalization (its index
was 29 p.p. in 2019). However, the share of workers regularly using digital technologies
in the regional agricultural organizations is only 2.6%. It is the lowest value for all
economic sectors [1].

According to the HSE, the costs of mobile communications and Internet services
are the largest share in the costs structure of digital technologies usage in agriculture
(59.9%). The cost of purchasing computer equipment and software is under 10%. At the
same time, the share of agricultural organizations in total Russian investments in digital
technologies creation and development is only 0.6%.

The costs of Russian agricultural organizations of software purchase and implemen-
tation amounted to about 1.0 billion rubles in 2019 (more than half accounted for the
foreign developments). The software costs in livestock farming was 1.8 times higher
than in crop farming.

According to the HSE, the agricultural enterprises are most interested in new pro-
duction technologies (16%) and robotics (11%). Only 5% of organizations are interested
in artificial intelligence and neural networks introduction. Other digital technologies are
not of great interest to agriculture, and according to the HSE forecasts, the demand for
them may decrease in the next 10 years (Fig. 2).

Currently, more than 74% of agricultural organizations have access to the broadband
Internet. About 30% of agricultural organizations use the cloud services and only 5.5% –
ERP-systems and RFID technologies. The electronic sales are established in 8.3% of
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agricultural enterprises. However, it should be noted that the digital technologies are
used more actively by the livestock organizations.

1%

2%

3%

4%

5%

11%

16%

7.Distributed ledger systems

6. Quantum technologies

5. Virtual and augmented reality

4. Wireless Technologies

3. Artificial intelligence and neural networks

2. Robotics

1. Energy and resource saving technologies

Fig. 2. Agricultural enterprises’ demand for digital technologies, %

According to the Center for forecasting and monitoring in the field of precision
agriculture of Kuban State Agrarian University, 189 farms of Krasnodar territory cover-
ing 963 thousand hectares used various elements of precision farming technology. It is
about 20% of the total area of the regional agricultural land. However, the region mainly
uses the simplest elements of precision agriculture technology, which do not require
large investments from the commodity producers in purchasing of expensive complex
devices and robotics. Thus, 156 regional agricultural enterprises use the technology of
parallel driving of machine-tractor units, 94 – satellite monitoring of vehicle traffic, and
83 – mapping of fields according to productivity of cultivated crops. At the same time,
it should be noted that the processes of mastering the elements of precision farming
technology are implemented with varying intensity depending on different parts of the
region and farms categories [9].

The investigations [9] have shown that among other things, Russian agriculture
digitalization is restrained by the agricultural producers’ weak awareness and distrust
to the modern digital technologies. Thus, it is important to train farm managers and
specialists on the issues of economic justification of the advantages of using precision
agriculture technologies.

5 Expected Effectiveness and Riskiness of Investments
in the Development of Precision Agriculture Technologies
with the use of Digitalization Elements

Introduction of various elements of precision farming technology in the crop farming
production makes it possible to improve the quality of field-mechanized operations,
including sowing, soil and crops treatment, harvesting. This, in its turn, ensures the
increase in the volume of manufactured products due to the growth of average crop
capacity and reducing its cost by saving fertilizers and plant protection products.

The investigations have shown that the use of elements of precision farming technol-
ogy can increase crop capacity by 15–20%, reduce fuel costs by 25–30% and mineral
fertilizers costs by 15–20%.
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The estimated indicators of efficiency and riskiness of investments in the develop-
ment of elements of precision farming technology by the agricultural organizations of
Krasnodar territory with different land use sizes are presented in the Table 3.

Table 3. Estimated indicators of efficiency and riskiness of investments in the development of
elements of precision farming technology by the agricultural organizations of Krasnodar territory
with different land use sizes, mln. RUB

Indicator Land use size, ha

100 300 500 1 000 3 000 5 000

Investments 14.4 15.4 17.4 30.3 49.4 64.1

Expected annual economic effect 1.6 4.7 7.9 15.8 47.4 79.0

Net discounted income −8.9 0.9 9.7 23.9 113.3 207.0

Internal rate of return, % −17 16 36 44 92 121

Payback period of investments, years – 4.6 2.8 2.4 1.2 0.9

Project loss possibility, % 100 34.9 0.1 0 0 0

The investments in development of the elements of precision farming technology by
the agricultural organizations with the land use sizes up to 300 hectares are effective and
repaid in less than 5 years. However, in this case, the investment loss possibility is quite
high (35%).

The research has determined that the risk of project loss possibility is reduced to a
minimum for the commodity producers with land use sizes of more than 500 hectares,
and the capital investments are repaid in less than 3 years. The further growth of the land
use size significantly increases the net discounted income and the internal rate of return
for the considered projects, and decreases the discounted payback period of investments.

The analysis of the level of investment riskiness in the implementation of considered
technological innovation has been carried out by the method of simulation modeling for
the regional agricultural organizations with the land use sizes of 300 and 500 hectares. It
allowed constructing graphs of distribution frequency of the net discounted income
and determining the investment break-even possibility in these innovative projects
implementation (Fig. 3).

The results obtained have shown that the investments break-even probability in the
considered project implementation for a model agricultural organization with the land
use size of 300 hectares is about 65%. Such projects are practically risk-free in the
agricultural organizations with the land use size of more than 500 hectares.
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Fig. 3. Distribution frequency of the net discounted income of an innovative investment project
for the development of the elements of precision farming technology with different arable land
areas by the agricultural producers

6 Conclusion

Successful problem solving of import substitution of agricultural raw materials and
food in the national market, ensuring Russian food security and increasing its export
capacity will largely depend on the national agriculture ability to begin using the inno-
vative agricultural technologies based on extensive automation, robotization and infor-
mational support of production processeswith the elements of digitalization and artificial
intelligence.

The priority direction for such innovative transformations implementation is
widespread introduction of precision crop and livestock farming technologies into Rus-
sian agriculture. Currently, Russian agriculture digitalization is mostly restrained by
insufficient access to the broadband Internet by the national agricultural producers.

Only 189 agricultural organizations out ofmore than 600with land use sizes amount-
ing to about 20% of the total area of farmland in Krasnodar territory, one of the leading
agricultural Russian regions, currently implement the individual elements of precision
farming technology. The analysis of production activity of these advanced economic
entities shows that the application of precision farming technologies allows increasing
the average cultivated crops capacity through targeted and differentiated fertilization
and the use of chemical protection agents, as well as reducing current production costs,
which increases the production profitability and competitiveness.

The performed calculations have shown that efficiency and riskiness of investment
in the development of precision farming technology with the elements of production
processes digitalization in Krasnodar territory is mostly determined by the land use
size of an agricultural organization. The investments in a project sized of less than 300
hectares are highly risky and economically unjustified. At the same time, if the land use
area of an agricultural organizations exceeds 500 hectares, the project loss possibility is
reduced to a minimum, and the payback period of investments does not exceed 3 years.
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Abstract. The need to adapt to the increasingly complex economic reality makes
state regulation of the sustainable development of agriculture extremely relevant.
The improvement of agricultural production efficiency and support of a decent
standard of living for the rural population requires the combination of various
methods, techniques, forms and tools. World experience shows that in market
conditions, stable agriculture is not able to function successfully without serious
permanent state support. The agrarian economy of the North Caucasus Federal
District is characterized by growth without development, which, in the context of
an inefficient economic structure, significantly limits its effectiveness. Agriculture
is a backbone sector of the region’s economy and requires an increase in both
funding and efficiency of the use of allocated funds, as well as an increase in the
scale of application of innovations in the industry. However, due to the growing
deficit of the Russian budget, the state can currently take over only part of the
costs by financing the most important areas of development of the agro-industrial
complex. Therefore, the goal of the economic mechanism of the development of
agriculture is to achieve compliance between the tasks set for the industry and the
system of interconnected economic instruments that ensure their implementation,
as well as the available and allocated resources. The article presents the dynamics
and structure of state support for agriculture in the Russian Federation and the
North Caucasus Federal District from 2015 to 2020. An analysis and assessment
of the state, trends, and effectiveness of state support for the intensification of the
agricultural sector were carried out. A conceptual model of state regulation of the
sustainable development of agriculture in the North Caucasus Federal District is
proposed.

Keywords: Sustainable development · Economy · Agriculture · Efficiency of
state expenditures · Subsidies

1 Introduction

The state policy of financial support for agriculture in 2008–2020 was changed and
updated almost every year. Directions, forms, mechanisms, and amount of state support
were corrected, usually associated with a decrease in its volume. The most significant
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changes occurred in 2013 (introduction of “unrelated income support” of crop produc-
tion, economically significant regional projects); in 2017 (federal transfers began to
operate in the form of a “single subsidy”); and also, in 2020 (introduction of “stimulat-
ing” and “compensating” subsidies). Structural changes in the state support system have
led to a transition from sectoral subsidies (direct support measures) to aggregated sup-
port measures (introduction of a “unified subsidy”) and to a shift in emphasis to project
and process management of the industry, including projects and targeted programs that
determine the vector of state support for the next five years. Today, the mechanisms
for providing state support to the agro-industrial complex (AIC) have become as trans-
parent and predictable as possible, creating a stable basis for long-term planning and
supporting the activities of agricultural producers in their constant intensive sustainable
development.

The study is based on a systematic approach using general logical methods and
techniques, as well as monographic, economic-statistical, analytical, and other methods.
The information base of the study includes government programs, analytical materials,
as well as regulatory, reporting, and information documentation of the ministries of
agriculture and economic development of the Russian Federation and the subjects of
the North Caucasus Federal District. The empirical basis of the study is the materials
of periodic and operational statistical reporting, generated by the Office of the Federal
State Statistics Service for the North Caucasus Federal District.

2 Analysis of State Regulation of the Stable Development
of the Agricultural Sector in Russia and the North Caucasus
Federal District

In the economic literature, there are interpretations of the terms “state regulation”, “state
aid” and “state support”. The broadest concept is state regulation, including state support
at themacro-,meso-, andmicro- levels, protectionist, price, tax, credit, investment policy,
measures for the financial recovery of organizations, etc. State support for agriculture has
a significant impact on economic growth in the agricultural sector of the North Caucasus
Federal District, so the choice of itsmost effective directions is of paramount importance.
State support is a set of funds and benefits received free of charge or on preferential terms
by agricultural producers and rural areas from the budgets of different levels for effective
development. Its objects can be individual industries, business entities, certain processes,
as well as specific territories [7, 11, 14].

The dynamics and structure of state support for the industry in theRussian Federation
(RF) and separately for theNorthCaucasianFederalDistrict for 2015–2020 are presented
in the Table 1, compiled by the authors based on data from the Federal State Statistics
Service (Rosstat) and the Office of the Federal State Statistics Service for the North
Caucasus federal district (North Caucasus State Statistics) [2, 3, 8].

The average annual share of federal budget funds in the total amount of financing for
the industry in the Russian Federation was 75%, the corresponding figure for the North
Caucasus Federal District was almost 88%, from 80% in the Stavropol Territory to 93%
in the Chechen Republic.
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Table 1. Dynamics and structure of state support for agriculture

Years Russian federation North caucasian federal district

Consolidated budget,
billion rubles

Share of budgets,
%

Consolidated budget,
billion rubles

Share of budgets,
%

Federal Regional Federal Regional

2015 220.1 76.3 26.7 15.1 85.8 14.2

2016 211.7 73.4 26.6 14.7 86.6 13.4

2017 203.6 70.7 29.3 15.2 86.7 13.3

2018 206.5 73.3 26.7 15.7 88.6 11.4

2019 203.9 72.5 27.5 15.3 87.9 12.1

2020 243.3 83.5 16.5 17.6 93.8 6.2

Average 214.9 75.0 25.0 15.6 87.9 12.1

The amount of budgetary (federal and regional) expenditures aimed at supporting
agriculture in the North Caucasus Federal District in 2020 is 17.6 billion rubles, or 7.2%
of its total volume in the Russian Federation. The large difference in the share of regional
budgets in Russia as a whole and in the North Caucasus Federal District (16.5% and
6.2%, respectively) draws attention. In the structure of state support for the subjects
of the district under agreements with the Ministry of Agriculture of Russia, the largest
share is occupied by a compensatory subsidy (24.3%), an incentive subsidy (22.4%) and
subsidies for the integrated development of rural areas (20.6%). The volume of subsidies
transferred from the regional budgets in theNorth Caucasus Federal District amounted to
1,084.4 million rubles. The structure of state support from regional budgets (in addition
to agreements with the Ministry of Agriculture of Russia) is mainly represented by
subsidies for the development of infrastructure in rural areas (26.0%), investments in
fixed assets (24.2%), compensation for current costs in crop and livestock production
(14.5%), subsidies to reimburse part of the interest rate on investment loans (loans) in
the agro-industrial complex (6.3%) [1, 3].

Support for the intensification of the agricultural sector of the district will remain
practically at the same level in the next five years (2021–2025). Thus, the amount of
support for 2022 is determined at the level of 15.6 billion rubles, which is insufficient
both from the standpoint of ensuring conditions for expanded reproduction and the
contribution of the agricultural sector to the all-Russian production of gross agricultural
output. On average, it amounted to 8.4%, while the share of funds to support the industry
turned out to be only 7.2% [1].

3 The Effectiveness of State Regulation of Priority Subsectors
for Sustainable Development of the Agro-Industrial Complex

Modern directions for the implementation of state regulation of the stability of the
agro-industrial complex until 2025 include four targets:
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1. Ensuring food independence following Food Security Doctrine of the Russian
Federation.
2. Achievement of indicative (actual) values of the produced added value in agriculture.
3. Achieving the volume of exports of agricultural products in comparable prices up to
35.4 billion dollars.
4. The index of the physical volume of investments in fixed capital of agriculture
(excluding small businesses) in 2025 should be 118.2% compared to 2017.

In 2021, the number of areas of support was reduced to two: the development of
the agro-industrial complex and the ensuring of conditions for the functioning of the
agro-industrial complex. They include projects and targeted programs that determine
the vector of state support for the next five years [1]. These include the following:

1. Federal projects.
1.1. Export of agricultural products.
1.2. Creation of a support system for farmers and development of rural cooperation.
2. Departmental projects.
2.1. Development of sectors of the agro-industrial complex that provide accelerated

import substitution of the main types of agricultural products, raw materials, and
food.

2.2. Stimulation of investment activity in the agro-industrial complex.
2.3. Technical modernization of the agro-industrial complex.
2.4. Digital agriculture.

The structure of priority areas for the development of the agro-industrial complex
in the constituent entities of the Russian Federation includes five sub-sectors of crop
production, four sub-sectors of livestock farming, and separately - small farms. The
analysis showed that all regions consider the development of small farms as the priority

Table 2. List and distribution of priority sub-sectors of agriculture in the constituent entities of
the Russian Federation in 2021–2023

No. Priority sub-sectors Entities of the RF, units

1 Production of cereals and leguminous crops 58

2 Production of oilseeds (excluding rapeseed and soybeans) 33

3 Open field vegetable production 30

4 Development of viticulture 11

5 Manufacture of products of fruit and vegetable plantations,
including the care of perennial plantations

53

6 Production of fiber flax and (or) industrial hemp 11

7 Milk production 63

8 Production of specialized beef cattle breeding 35

9 Development of small farms 82
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direction. (Table 2) [5]. This form of entrepreneurial activity needs state support, but
in the absence of a federal project and the financial resources provided for in it, the
development of rural cooperation is problematic.

Highly demanded sectors for the period 2021–2023 are the production of grain and
leguminous crops and the production ofmilk: these sub-sectors are identified as a priority
in the development programs by 58 and 63 constituent entities of the Russian Federation,
respectively.

The subjects of the district identified production of fruit and berry plantations, sheep
and goat breeding, development of small farms as priority sub-sectors. (Table 3).

Studies show that for economic growth in agriculture direction in which financial
resources are spent (for general services or for supporting individual producers) is more
important than the overall level of support. Reallocation of 10% of the budget from
subsidies to support general services leads to a 5% increase in value-added in agriculture
[6]. These include programs and activities aimed at creating general conditions for
managing and increasing the potential of the industry: support for science, education,
inspection and control services, development of agricultural infrastructure and rural
development, marketing development, etc.

Several studies have revealed a negative correlation between budget expenditures to
support agricultural producers and economic growth in agriculture [11, 14]. The opinions
that support producers directly through subsidies and benefits lead to the crowding out of
the private investment, deprives incentives to increase competitiveness, creates a burden
on taxpayers, and distorts market signals are well-reasoned.

At the same time, measures focused on common services smooth out market
distortions caused by subsidies [7, 12].

A comparative assessment of the effectiveness of the use of state financial support
by the regions of the North Caucasian Federal District is presented in Table 3 compiled
by the authors based on data from Federal State Statistics Service and North Caucasus
Statistics Service. [2, 3, 9]. The effectiveness of budget support for agriculture in the
North Caucasus Federal District is determined by the effectiveness of a set of measures
for industry-wide support for agricultural producers of all organizational and legal forms
aimed at improving economic, financial and social sustainability, stimulation of the
production of certain types of agricultural products, ensuring productive employment of
the rural population. The calculation of the payback of the allocated state support funds
by agricultural products allows us to assess the rationality of their use in the subjects of
the North Caucasus Federal District [13].
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Table 3. Priority areas for sustainable development of the agro-industrial complex of the subjects
of the North Caucasus Federal District

Priority subsectors Dagestan Ingushetia
Kabardin

o-
Balkaria

Karachay-
Cherkess

North 
Ossetia–
Alania

Chechen 
Republic

Stavrop
ol Krai

Crop production
Production of cereals and 
leguminous crops

Production of oilseeds 
(excluding rapeseed and 
soybeans)

Open field vegetable 
production

Development of viticulture

Manufacture of products 
of fruit and berry 
plantations, including the 
care of perennial 
plantations

Livestock
Milk production

Development of 
specialized beef cattle 
breeding

Development of sheep and 
goat breeding

Development of small 
farms

It follows from the data in the table that in 2020, on average in the district, one ruble
of state support turned into 28.7 rubles of gross agricultural output. In three of the seven
subjects of the North Caucasus Federal District, the level of payback of state support
did not reach the average level (Table 4).

It is especially low in the Republic of Ingushetia (10.2 rubles). The payback of state
support in the Kabardino-Balkarian Republic and the Chechen Republic was a little
bit higher, but lower than the average level for the district. The fact that in Stavropol
Krai for 901 rubles per 1 hectare of the state support, the total volume of agricultural
production was 1,2 times more than the average volume in the district is noteworthy.
Several conclusions can be drawn from this fact. Firstly, the effectiveness of the use of
state support funds by the regions of the district varies significantly, in the Stavropol
Territory it is the highest. Secondly, due to the acute long-term insufficiency of funds for
the sustainable development of agriculture, the financial resources allocated today in the
form of state support are clearly not enough. Thirdly, in the three subjects of the district
with a low return on state support funds and the absence of a direct connection between
state support measures and its results, substantive analysis of the directions of their use is
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Table 4. The volume, level and effectiveness of the use of funds allocated to the regions in the
form of state support for agricultural production in 2020.

Regions The total
amount of
state
support,
million
rubles

Area of
agricultural
land, thousand
hectares

State
support per
1 hectare,
thousand
rubles

Volume of
agricultural
production,
billion rubles

Payback of
state
support for
industry
products,
rubles

North Caucasian
Federal District

17590.1 13534.6 1299 504.3 28.7

Republic of Dagestan 4215.6 4344.3 970 141.5 33.6

Republic of
Ingushetia

1116.6 150.9 7399 11.4 10.2

Kabardino-Balkarian
Republic

2751.6 711.0 3870 61.4 22.3

Karachay-Cherkess
Republic

1031.4 815.9 1264 31.4 30.4

Republic of North
Ossetia–Alania

1184.6 418.6 2829 39.2 33.1

Chechen Republic 1791.0 992.3 1804 33.3 18.6

Stavropol Krai 5499.3 6101.6 901 186.3 33.9

needed in order to approach the distribution of allocated funds more rationally. Fourthly,
it is necessary to consider and implement as much as possible the opinion of the rural
population and the agrarian business, which was incorporated in the development of
the Social and Economic Development Strategies by the subjects of the region on the
directions for investing the funds allocated by the state.

4 Model of State Regulation of Sustainable Development
of Agriculture in the North Caucasus Federal District

An integrated approach to state regulation of agricultural intensification involves struc-
turing actions, supporting processes at all stages, synchronizing funds, improving
program-targeted methods, evaluating efficiency, and updating. The authors propose
a model of this systemic interaction of tasks, instruments, and resources, which is shown
in Fig. 1.

To eliminate negative trends in the North Caucasus Federal District, it is neces-
sary to actively develop new technological industries in the agricultural sector, create
high-performance jobs with decent wages, upgrade the logistics infrastructure to expand
product markets, and form value chains. All these are the elements of sustainable devel-
opment of agriculture. Therefore, an important condition for increasing the economic
efficiency of agricultural production and achieving the stability of agricultural systems is
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the intensification of investment activity in the agriculture of the region. This will create
the necessary conditions for increasing the level of technical equipment, the economic
efficiency of agricultural production by improving the composition and structure of fixed
assets, and, ultimately, ensuring sustainable development.

To improve the efficiency of budget financing, it is advisable to use a selective
electoral mechanism of state support. For each subject of the North Caucasus Federal
District, it is important to identify the most significant priorities that require investment

1 phase

Substantiation of the 
influence of the main 
factors and analysis of 
the need to provide 
state support

Factors determining the need for state support:
- the level of food security,
- features of the agricultural sector of the district,
- financial and economic,
- organizational and technological,
- national historical-cultural,
- environmental,
- the degree of adaptation of agricultural activities to changing conditions within the 

framework of integration processes.

2 phase
Establishing goals for 
the provision of state 
support

The goals of providing state support depend on:
- directions: organizational and economic, social, environmental, political, institutional,
- subordination of processes: general, strategic, tactical, operational.

3 phase

Establishment of 
criteria for state 
support and indicators 
of its effectiveness

Support system indicators and planned outcomes:
- social and infrastructural,
- production and infrastructure,
- economic efficiency of activity,
- social efficiency, quality and standard of living,
- modernization of the economy and innovative development,
- efficiency of public administration. 

4 phase

Determination of 
forms, methods and 
instruments of state 
support

Forms of impact can be direct, indirect and mediated. Methods can be combined into 
financial, property, information, consulting, educational groups. There could be 
following types of instruments:
- preferential crediting, taxation,
- trade and supply sessions,
- purchasing and commodity interventions,
- regulation of prices and margins for products,
- leasing, insurance, subsidies,
- investment policy.

5 phase
Determination of 
directions and objects 
of state support

According to the form of management: agricultural organizations, peasant (farm) 
households, individual households.
By branches and products: crop production (vegetables and fruits, seed production, 
viticulture);  livestock (selection, breeding); processing of products, raw materials, food.
By areas of activity: land reclamation, fertility, chemicalization, innovative 
development, digitalization.
According to the territories of administrative-hierarchical division, economic zoning, 
agricultural zoning.

6 phase

Formation of an 
interaction algorithm 
in the implementation 
of state support

Elements of the state support mechanism:
- regulatory framework,
- specialized infrastructure,
- assistance programs,
- determination of actors and participants,

- delimitation of  and power development of interaction procedures.

7 phase Development and implementation of integrated programs
and selected measures of state support

8 phase Carrying out regular monitoring of the achievement of goals and evaluation of the effectiveness of the applied 
state support measures

9 phase Adjustment of strategic and tactical directions of regulation

Fig. 1. Conceptual model of state regulation of sustainable development of agriculture in the
North Caucasus Federal District
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support (sustainable development of rural areas and improving the living standards of
the rural population, increasing the competitiveness of agricultural production and the
reproduction of agricultural resources used, etc.). At the same time, it is necessary to
consider the specifics of the available resources and risks in each specific local area [10].
For investment-attractive business entities, state support should aimed at developing the
potential of large organizations, stimulating the introduction of innovations. For poten-
tially investment-unattractive entities, state support should be focused on the effective
use of the potential of small andmedium-sized businesses, reducing investment risks. For
investment-depressed territories, a model of focal development is needed, which implies
the concentration of production on available resources around infrastructure facilities.

In addition, the directions of development of the branches of the agrarian economy
and the amount of funding should consider the interests of different groups of producers
in the conditions of the multi-structural economy of the North Caucasus Federal District
[4]. Currently, state support is focused mainly on large-scale agricultural production,
while the conditions for agricultural producers are constantly changing.

5 Conclusion

It should be taken into account that the diversification of budget support, being an
effective tool for expanding activities and increasing production volumes, can also lead
to a slowdown in the reproduction processes in agriculture. Therefore, budget support
for the industry must be carried out in conjunction with other elements of the state
support mechanism. At the same time, it is necessary to consider the high degree of
differentiation of the subjects of the North Caucasus Federal District in terms of the
main socio-economic parameters, the share of the agricultural sector in the gross regional
product, competitive advantages in the production of certain agricultural products, etc.
These factors, as well as maximum transparency, openness and predictability of budget
expenditures, must be taken into account when improving and increasing the efficiency
of state support, one of the most important elements of sustainable development of
agriculture in the North Caucasus Federal District.
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Abstract. The sustainable development of the regional socio-economic system is
determined by awide range of factors, including goal-setting, strong-willed efforts
and the willingness of various groups of the regional community to support this
or that activity. Spiritual and moral values are the normative basis and regulator
of this conscious activity and behavior of people. The assessment of the level of
commitment of young people to traditional spiritual and moral values is relevant
for understanding the degree of stability of the regional community and is the
purpose of our research. A theoretical review of the subject field associated with
the preservation of spiritual and moral values of various regions of the world and
population groups confirms the relevance of the discussion track in the research of
the modern scientific community. The results of an empirical research of the level
of youth commitment to traditional spiritual and moral values showed a high level
of preservation and reproduction in the student environment of future specialists
in the agrarian sector of Stavropol Region (Russia). The reproductive potential of
traditional spiritual andmoral values contributes sustainability to the development
of the regional community.

Keywords: Regional community · Traditional ethical and moral values · Youth
commitment · Regional community’s sustainability

1 Introduction

Sustainable development of the regional socio-economic system is determined by a wide
range of factors. Among them, the social component plays a key role, since the actual-
ization of any processes depends on the goal-setting, will and readiness to support the
proposed actions of certain groups of the regional community. We are talking about the
leaders of the regional community (heads and specialists of the region, municipalities,
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enterprises and organizations), ordinary workers, and other social groups (youth, stu-
dents, pensioners, housewives, etc.). Ethical andmoral values are just the normative basis
and regulator of this conscious activity and behavior of people. Separate attitudes of the
individual are formed in the system of the most important social institutions of society
(family and education) and lay the cultural, moral, social meanings that orient a per-
son’s actions towards the achievement of higher ideals. In the process of reproduction
of traditional spiritual and moral values, two complementary aspects are important –
preservation and development in accordance with the changing context of the historical
period. Understanding the content side of the reproduction process of the ethical and
moral values of the regional community, which ensure the sustainability and develop-
ment of society, is possible through studying the level of commitment to traditional
moral values of today’s youth. Particular attention in organizing a sociological assess-
ment should be given to student youth, which, on the one hand, is the most active part of
the regional community and forms an innovative component of the existing ethical and
moral traditions. On the other hand, in the near future they will be representatives of the
professional community of specialists, heads of structural divisions and organizations
who demonstrate the role model to their subordinates. And the sustainable develop-
ment of production teams, as a component of the regional socio-economic system, also
depends on the content of this role model. The issue is of particular relevance when it
comes to an agrarian region with a traditional rural way of life, features of labor objects
and the nature of production processes in the agricultural industry. Thus, the assessment
of the level of youth commitment to traditional ethical and moral values is relevant for
understanding the degree of stability of the regional community and is the purpose of
our research.

Various aspects of the subject field associated with the preservation of the ethical
and moral values of various regions of the world and population groups are an active
discussion track in the research of the modern scientific community. The practices of
maintaining professional traditions of social responsibility, which are implemented in the
management of the financial resources of a family business, are shown in the publication
of the authors N.B. Sah, A. Banerjee, J. Malm, A. Rahman [1]. Based on the results of a
study on the example of several family firms, it was found that management approaches
have a certain similarity: avoidance of risky financial policies, commitment to business
sustainability and reputation, conservative short-term investment policy, timely payment
to suppliers. And these approaches in organizing a family business are becoming rele-
vant professional practices for the younger generation and ensure the preservation of not
only the traditions of production management and financial processes, but also traditions
related to the ethical and moral sphere. These are life wisdom, social responsibility, the
value of professional knowledge, the priority of product quality and production sustain-
ability over financial gain, continuity, diligence, honesty. In general, the preservation of
the traditions of family business ensures sustainable socio-economic development of the
territories where such firms operate. The results of the research confirm the relevance
of studying the commitment of young people to traditional ethical and moral values.
The preservation of the ethical and moral health of the younger generation is ensured by
the functions of the social institution of the family. And the protection of children from
modern information challenges depends on howwell these functions are performed. One
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of them is the oversight function. The authors of the study N. Atman Uslu, H. Yildiz
Durak, based on a survey of the parent community and subsequent factor analysis of the
data, prove that the security of the ethical and moral health of the child depends not only
on the sustainability of the reproduction of ethical and moral values in the family, but
also on the level of family supervision over the content of information communications,
timely protection against possible situations of cyber bullying [2]. In addition, the study
found that there is a dependence of the preservation of family supervision functions on
the age of the parents (the lower the age, the less the functionmanifests itself). Therefore,
the significance of continuity in the reproduction of ethical and moral values and family
traditions is acquiring new contours in connection with the challenges of our time. Thus,
adherence to family traditions is associated with a reduction in social contradictions
and conflict situations and gives social sustainability to the local community. These are
important findings for our research, which confirm its relevance and significance.

The period of the global COVID 19 pandemic, like any crisis situation, clearly shows
hidden processes and different response strategies, showing the ethical and moral basis
of the traditional way of life of different social groups and regions. The authors of the
study (D. Joseph, N. Belford, R. Lahiri-Roy) use a number of national cases to show
how remote assistance from children to elderly parents helps to survive the difficulties
of a pandemic [3]. Respect for family values through financial assistance to parents
brings additional socio-economic sustainability to the region where parents are located,
care for which is not shifted to the municipality. We see a positive relationship between
the preservation of family values of responsibility, care for the older generation and
a certain contribution to the socio-economic sustainability of the municipality and the
local community.

The cultural values of parents have a significant impact on the formation of sense of
community in a group of children. This relationship is traced in their study by the authors
of the article A. Gampe, J. Blaumeiser, M.M. Daum [4]. In the course of studying the
level of loyalty in the children’s team through the mechanism of parental influence on
the processes of identification and attitudes towards the social group, a positive effect on
the formation and maintenance of groups, sense of community within the social group
was established. In turn, this testifies to the contribution of the older generation to the
normative regulation of loyalty in society, the preservation of the function of the family
as an ecological cultural niche for the transfer of social experience and the value of good
neighborly, conflict-free relations.

Family values, including those related to the issues of procreation, are reflected
in the publication of the authors J. Kim, S. Joo, K. Lee, H. Jun [5]. The preservation
of family values is a significant part of the traditional ethical and moral values and
ensures the demographic stability of the local and regional community. In general, such a
positionmakes a positive contribution to understanding the social stability of the regional
community through the mechanism of preserving traditional spiritual and moral values
[6–8].

Thus, the brief literature reviewon the issue of affecting the preservation of traditional
ethical and moral values shows the relevance and significance of our research [9–13].
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2 Materials and Methods

A survey of respondents from among the student youth of Stavropol State Agrarian
University was conducted in December 2021 (Stavropol, Russia) using the handout
questionnaire method. In total, 423 people took part in the study, who are students
of 2–3 year and study full-time on the programs of Agronomy, Veterinary Medicine,
Economics, Ecology, Engineering, Service and Tourism. The participation of students
is organized with a quota representation of these programs of training. The ratio of
student youth by gender is also maintained. In the toolkit for studying the level of
youth commitment to traditional ethical and moral values, 3 information sections were
identified that structure empirical indicators: Sect. 1 – the preservation of ethical and
moral traditions in the family; Sect. 2 – the development of value orientations in the
youth environment and their sustainability; Sect. 3 – internationality of ethical and
moral according to the youth community. The survey database was processed in SPSS
Statistics (version 21). Statistical proceduresmade it possible to analyze the results of the
study in segmentation by independent variables: family characteristics, nationality, and
permanent place of residence. Assessing the level of youth commitment to traditional
ethical and moral values makes it possible to use information to improve educational
work, activities of the socio-psychological service of the university and tutors of study
groups. The article presents the most significant information obtained during the study,
which shows the contribution of young people’s commitment to traditional spiritual and
moral values to the social stability of the regional community.

3 Results and Discussion

Distribution of answers to the questions of Sect. 1 – the preservation of ethical and moral
traditions in the family. In the course of a survey of student youth, it was found that the
majority of survey participants (mentioned by 64.8% of respondents) are well aware of
the history of their family (where they lived andwho their ancestors were, etc.). 35.2% of
respondents know family history, but not verywell. The options “I don’t know”or “I can’t
say for sure” were not chosen by the survey participants. 81.6% of respondents indicated
that the family has traditions that are passed down from generation to generation, which
indicates a high level of reproduction of traditional family values. 18.4% of respondents
believe that their families do not have such traditions. A good knowledge of family
traditions was mentioned by the majority of survey participants – 80.4%; not very good
knowledge of family traditions was mentioned by 19.6% of respondents. Opinions about
the personal attitude of young people to the observance of family traditions were divided
almost equally: 51.5% of respondents indicated that they adhere to all family traditions
and 48.5% try to adhere to some traditions. 19.9% of respondents noted that recently
the family has become more responsible for family traditions. 16.8% of respondents
noted that recently the family has become less responsible for family traditions. 50.3%
of respondents indicated the stability of traditions in the family – over time, they are
observed as strictly as before. And 13.0% of the survey participants found it difficult
to give a definite answer. The reproductive process of family traditions and ethical and
moral values is undergoing changes, the question arises of their relevance in modern
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conditions. According to the majority of representatives of the student community, all
and most of the family traditions are relevant in modern conditions (37.8% and 48.5% of
respondents, respectively). Only a small part – 1.2% of the survey participants noted that
family traditions have lost their relevance and 12.5% of the survey participants could
not give a definite answer.

Distribution of answers to the questions of Sect. 2 – the development of value orien-
tations in the youth environment and their sustainability. Preservation of family values
is the basis of normative regulation in making vital decisions. Data on the impact of
traditional values on family formation and family life are presented in Table 1.

Table 1. Presence of traditional values in family life, %

Yes, definitely No, not necessary Difficult to say

1. Mandatory consent (blessing) of
parents to the creation of a family by their
adult children

80,4 6,6 13,0

2. Mandatory official registration of
marriage

68,4 19,1 12,5

3. Creation of a family union between
people of the same nationality

50,3 43,4 6,3

4. Mandatory presence of children in a
family union

84,6 14,2 1,2

5. Obligatory male headship in the family 76,2 15,4 8,4

Comparative data in Table 1 show that for each of the presented traditional family
customs, there is a high level of presence in the families of the respondents:

1. Mandatory presence of children in a family union (84.6%);
2. Mandatory consent (blessing) of parents to the creation of a family by their adult

children (80.4%);
3. Mandatory headship of a man in the family (76.2%);
4. Mandatory official registration of marriage (68.4%);
5. Creation of a family union between people of the same nationality (50.3%).

Thus, despitemodern dynamic changes in the social, information and communication
sphere, according to the results of the survey, we see a high level of preservation of family
traditions that regulate the normative field of decision-making in family life.

Distribution of answers to questions of the 3rd section – internationality of spiri-
tual and moral values according to the youth community. Traditional family values are
cultivated over long periods of time in the national culture of the people. According to
the survey participants from among the student youth, the traditions of their parental
family are characteristic of the majority of peoples living in the region (mentioned by
67.5% of the survey participants) and for the nationality to which the family members
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belong (27.4% of the survey participants). 5.1% of survey participants found it difficult
to give a definite answer. 100% of survey participants are proud of the traditions of their
people. Thus, we can say about the high level of the reproductive potential of traditional
ethical and moral values among the students of the south of Russia. Despite the fact
that traditions are influenced by modern conditions, we note the opinions of respondents
about the high level of preservation of family traditions and ideas about normative values
on the example of the stage of creating a family and the regulators of family life. They
remain relevant and in many ways similar for different peoples living in the region and
making up the regional and local community.

The results obtained during the empirical stage of the study do not contradict the ideas
of other researchers. In the research of E. Ramos-Hidalgo, M. Orta-Pérez, M.A. Agustí
we see the study of ethics and social responsibility issues through the prism of a family
business [14]. Professional family traditions and ethical standards help to ensure the
sustainability of the production sector in the socio-economic system of municipalities.
Thus, the support of traditional family values is, among other things, a contribution to
the sustainable development of the region [15].

For our study, there are also common key coincidences with the views of the authors
L. Lu, T.T.Chang, S.F.Kao,which show the positive impact of traditional gender role val-
ues on the stability of production teams [16]. Thus, the preservation of traditional family
values, ethical and moral guidelines help to enrich the socio-psychological environment
of work collectives.

The Islamic concept of holistic ethical education, combined with modernity, accord-
ing to B. Ben said, shows the possibility of adaptation, creativity, and development of
intercultural experience [17]. Which in general contributes to the sustainable develop-
ment of the region [18–20]. For our study, the aspect of the flexible applied nature of
religious values in a multinational region, which is traditionally Stavropol Region and
southern Russia, is relevant.

4 Conclusion

Consideration of research approaches to assessing the commitment of young people to
traditional ethical andmoral values, the impact on the stability of the regional community
showed the high relevance and importance of this topic. Despite the differences that are
obvious in regional, national and group segmentation, the positions and results of studies
that are included in a brief thematic review, the positive impact of traditional spiritual
and moral values on social and production processes is largely noted [21–23].

The results of the empirical part of the study show the high commitment of students
of Stavropol State Agrarian University to traditional ethical andmoral values. In the near
future, young professionals will broadcast their commitment to the production teams of
the agro-industrial sector of the region and the local community, which will contribute
to sustainable regional development.
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Abstract. Sustainable development concept aims to achieve economic growth
by ensuring social well-being and preserving the environment. This concept is
often presented in the form of a trinity of economy, society and nature. At present,
sustainable development is becoming increasingly relevant, since it is a reference
point when developing a roadmap that covers almost all spheres of human activity.
The article describes a plan for the implementation of the FoodNet roadmap for the
period 2021–2035 and identifies the main directions of scientific activities in the
field of designing new food products. The FoodNet market for the production of
high-quality products is based on automation, robotization and intellectualization.
The main goals and objectives of the FoodNet market are identified. Moreover,
the possibility of integrating this market with hi-tech markets and the IT indus-
try is substantiated. Finally, the prevailing directions of the FoodTech market in
agriculture and personalized nutrition are indicated.

Keywords: Sustainable development · FoodNet · Agriculture · Personalized
nutrition · Food market · Digital technologies

1 Introduction

The Sustainable Development Goals (SDGs) are a set of 17 interrelated goals developed
on September 25, 2015 by the UN General Assembly as a plan to achieve a better and
more sustainable future for all [12]:

1. Universal eradication of poverty in all its forms.
2. Eliminating hunger, ensuring food security and improving nutrition, promoting

sustainable agricultural development.
3. Ensuring a healthy lifestyle and promoting well-being for everyone at any age.
4. Ensuring inclusive and equitable quality education and promoting lifelong learning

opportunities for all.
5. Ensuring gender equality and empowering all women and girls.
6. Ensuring the availability and rational use of water resources and sanitation for all.
7. Ensuring access to affordable, reliable, sustainable and modern energy sources for

all.
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8. Promote sustained, inclusive and sustainable economic growth, full and productive
employment and decent work for all.

9. Building strong infrastructure, promoting inclusive and sustainable industrializa-
tion and innovation.

10. Reducing inequality within and between countries.
11. Ensuring openness, security, resilience and sustainability of cities and settlements.
12. Ensuring rational consumption and production models.
13. Taking urgent measures to combat climate change and its consequences.
14. Conservation and rational use of oceans, seas and marine resources for sustainable

development.
15. Protection, restoration of terrestrial ecosystems and promotion of their rational use,

rational forest management, combating desertification, stopping and reversing the
process of land degradation and stopping the process of loss of biological diversity.

16. Promoting peaceful and open societies for sustainable development, ensuring
access to justice for all and creating effective, accountable and participatory
institutions at all levels.

17. Strengthening the means to achieve sustainable development and activating the
mechanisms of the global partnership for sustainable development.

The objectives of SGD for the period up to 2030 ensure the balance of all three
components of sustainable development: economic, social and environmental [14].

In order for the global community to achieve the Sustainable Development Goals
(SDGs) by 2030, especially SDG 2 (eliminating hunger and malnutrition in all its
forms and promoting sustainable agricultural development), food systems need to be
transformed [10].

One of the acute socio-economic tasks today is to provide people with food. The food
market is being formed, provided with intellectualization, automation and robotization
of technological processes throughout the life cycle of products from production to
consumption, as well as the development of biotechnologies [6].

In Russia, one of the main documents regulating nutrition issues is the Strategy
for Improving the Quality of Food P[roducts in the Russian Federation until 2030.
The purpose of the Strategy is to ensure the quality of food products as an essential
component of health promotion, increasing the duration and improving the quality of
life of the population of the Russian Federation, promoting and stimulating the growth
of demand and supply for better food products, ensuring compliance with the rights of
consumers to purchase quality products [16].

The Strategy goal will be achieved by solving the following tasks:

– regulatory framework development and improvement in order to protect consumer
rights, development and/or creation of improvement of themethodological framework
for assessing the compliance of food quality indicators;

– establishing food quality monitoring, improving state regulation and control in the
field of food quality;

– creation of a unified information system for food quality traceability;
– assistance in the implementation of the food quality management system;
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– creation of incentive mechanisms for producers to produce food products that meet
quality criteria, as well as healthy food products;

– creation of conditions for the production of new generation products with specified
quality characteristics;

– revival of food ingredients production in the Russian Federation;
– updating of the current standards for the content of food additives, flavoring sub-
stances, biologically active substances, residues of veterinary medicines and plant
protection products in food products;

– priority development of scientific research in the field of human nutrition;
– ensuring the quality and safety of food products; studying the role of nutrition and the
prevention of themost commonnon-communicable diseases; developing technologies
for the production of high-quality food products;

– promotion of the principles of healthy nutrition [1].

Providing the population with food is one of the main goals of any Government and
a prerequisite for national sovereignty. The problems of food and food safety and their
impact on the health of the global population are complex, interrelated and cross-border.
Therefore, international coordination is important not only to ensure the health of the
global food system in the future, but also for the governments to fulfill their sovereign
obligations to provide their own people with food [3].

A healthy diet is the key to a long life. The secret of longevity lies in a healthy and
complete diet. Proper nutrition can affect our health, longevity and beauty. It assumes
that many nutrients – proteins, carbohydrates, fats, water, minerals, vitamins – should
be supplied to the body regularly, in the required amount and optimal ratios. A lack, as
well as an excess of nutrients, firstly cause temporary inconveniences, then a source of
disease development, a factor of premature aging and early death [5].

Rational nutrition is a balanced diet made up taking into account gender, age, health
condition, lifestyle, nature of work and professional activity of a person, climate condi-
tions of his residence. A properly formulated diet increases the body’s ability to resist
negative environmental factors, promotes the preservation of health, active longevity,
fatigue resistance and high efficiency. The foodwe eat directly affects our vital functions,
well-being and quality of life.

The purpose of the presentedwork is to analyze current problems, the implementation
of which will allow us to move to a more sustainable path of economic development,
create a fair system of distribution of benefits in society, significantly reduce the risks for
future generations in the future existence and development. The realization of the goal
set by us, in the ongoing scientific research, was achieved by performing the following
tasks: (i) identification of opportunities for the introduction of digital technologies in
order to ensure the sustainable development of the agri-food sector; (ii) consideration
of the directions of development of the state economic policy in the field of ensuring
food security of the country; (iii) study of the global Sustainable Development Goals;
(iv) determining trends in the development of the Russian and global FoodNet market;
(v) justification of the need and analysis of the basic principles of the introduction of
personalized nutrition.
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2 Informal Interpretation of the Problem

The goal of achieving food security is to guarantee sustainable supply of raw materials
to processing enterprises, and continuous source of food to the population, which is not
affected by external or internal adverse influences. It should not be vulnerable even in the
event of rising prices, a shortage of foreign currency or an embargo on supplies abroad
[5].

The most important conditions for achieving food security are:

– the physical availability of food for each person (the availability and supply in
sufficient quantities);

– the economic ability of food purchasing by all social groups of the population,
including the poor (solvency of consumer demand);

– consumption of high-quality products sufficient for rational nutrition [2].

Today, the educational and methodological platform of personalized nutrition is at
the stage of formation.

The concept of optimal nutrition involves taking into account the characteristics of
various social groups when developing their diets. This premise is of key importance for
the further development of the theory of nutrition, since it was the first to formulate the
need to differentiate diets depending on the characteristics of consumers. The develop-
ment of the formulated thesis inevitably leads to the conclusion that the personalization
of diets should be brought to the level of each individual consumer. The individuality
of each person can be described in the first approximation by two categories of signs:
physiological on the one hand and psychoemotional on the other [2].

It is necessary to develop products and diets that meet the physiological and psycho-
emotional needs of people, taking into account their gender, age, professional, geograph-
ical and national characteristics. The nutrition should be formed on the basis of special
technologies that take into account the needs of social groups and individual consumers.
In our opinion, social groups and individual consumers include:

– Schools and higher education institutions;
– Restaurants and cafes;
– Preschool educational institutions;
– Hospitals and sanatoriums;
– Pastry shops and bakeries [7].

Today, the concept of “healthy eating” is very popular, and everyone knows that it is
better not to eat junk food. But few people know what exactly a diet should consist of so
that it brings energy and health. The components of the human body, such as muscles,
organs and bones, are made up of nutrients, and they can only be obtained from food.
In particular, the human body requires six classes of nutrients (nutrients). These include
[3]:

– water;
– carbohydrates;
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– proteins;
– fats and fatty acids;
– vitamins;
– minerals.

A healthy diet is the consumption of whole foods without a high degree of processing
(vegetables, cereals, nuts, eggs, fish). Such food is rich in fiber and protein, and contains
fewer calories per serving than process food. A competent nutritionist takes into account
many factors when adjusting nutrition: from a person’s genetic predisposition to the
current state of the psyche and stress level.

3 Formalization and Analysis of the Market

The market for the production of high-quality products, which is based on automation,
robotization and intellectualization, is called FoodNet. The advantage of such market is
that in this market that high-quality product is produced by the consumer at a lower price
[9]. The newFoodNetmarket will be formed under the influence of the growing demands
of consumers and the expansion of opportunities for the production of high-quality
products based on the intellectualization, automation and robotization of technological
processes throughout the cycle from production to consumption [8].

The FoodNet market can be divided into two directions: B2C and B2B. B2C is a
market sector focused directly on the end consumers ofmanufactured products, including
both general nutrition (traditional and food substitutes) and personalized (group and
individual). B2B is a market sector focused on the organization of interaction between
companies in the process of production and sale of food products by them.

The new food market Issues remain [12]:

– the use of various additives, such as flavor enhancers, preservatives;
– insufficient funding of scientific approaches, developments and innovations in
agriculture;

– the problem of world hunger due to the limited resources and the low standard of
living of the population.

Thus, the main goal of the FoodNet market is the process of creating high-tech
products, taking into account human genetic characteristics. In this regard, the objectives
of this market are:

1. Providing people with food;
2. Creation of a food market that provides high-quality products, which is based on
automation, robotization and intellectualization;
3. Control throughout the entire process from the creation of the product to its
consumption.

The history of personalized food as a business begins with the usual delivery of
products from shops and restaurants and gradually moves from the general to the private,
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increasingly adapting to specific customers and their personal characteristics. Due to the
emergence of new and cheaper existing technologies, we see recommendation systems
that take into account the results of blood analysis, genetic analysis and microbiome
analysis and select products for a specific person. The development of these diagnostic
tests has become a big step towards the transformation of the personalized nutrition
market.

In the last decade, “Personalized Nutrition” has been gaining popularity. This is
due to the worldwide promotion of advanced countries in this area. However, there
are a number of problems on the territory of the Russian Federation that hinder the
development of this market. Such problems include:

1) This market is not in demand, since in some regions of the country this segment is
little known.

2) The availability of an individual diet. Not everyone can afford it, because it is neces-
sary to decipher the composition of the deoxyribonucleic acid (DNA) molecule test,
which in Russia costs more than 8 thousand rubles, which not everyone can afford.

3) The complexity of treating a digital double of the consumer, taking into account
genetic characteristics.

The FoodNet market will be closely integrated with hi-tech markets and the IT
industry. The structure of the FoodTech market consists of:

– Innovative food products;
– Smart Packaging;
– IoT in agriculture;
– Biotechnologies;
– Personalized nutrition;
– Sustainable Packaging.

The structure of the FoodTech market in the main directions is presented in Fig. 1.
According to the values of Fig. 1, it is possible to identify the prevailing trends

in the FoodTech market – Sustainable Packaging, IoT technologies in agriculture and
personalized nutrition. There is a tendency for the following segments of the FoodTech
market to increase, namely: “innovative food products” by 0,1%, “biotechnology” by
1,7%, “personalized nutrition” by 5.9%.

Let us highlight several global vectors of FoodTech market development:

• Delivery from restaurants is the most ambitious direction. This is the marketplace
model (in many ways identical to Booking.com, only works in the field of food
orders from restaurants), that is, companies work as large-scale order aggregators that
help people make a choice among many restaurants and eventually transfer the order
directly to the selected one. At the same time, companies often provide the delivery
service themselves. Such a format is represented by both multinational players, such
as Delivery Hero and FoodPanda, and local, but very large ones, for example, Chinese
Ele.me.
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Fig. 1. The structure of the FoodTech market by main directions [11]

• Ready meals on request. Different models can be used here, but in the end it is the
delivery of ready meals either on schedule or by request. The choice of dishes is
usually limited, but the menu is different for each day. The most prominent global
representatives in this niche are Sprig, Munchery andMaple. Here, with some stretch,
you can add services for the delivery of food to offices.

• Sets of products for cooking by subscription. Services for those who prefer to cook
independently according to the provided recipes and a basket of products. It is con-
venient that everything necessary to prepare the selected dish in the right amount is
delivered to the client. Such services are provided by such companies as HelloFresh
and Blue Apron and in the Russianmarket we canmention the company “Food Party”.

• Delivery of farm products. For those who want to receive only fresh products “straight
from the garden”, services like FarmDrop and Farmigo provide the opportunity to
order directly from the farms.

• New approaches in food and beverages. It is not yet clear what their prospects are and
how a new approach to food will be perceived, but it is impossible not to mention such
bright companies as Impossible Foods and Juicero. Their proposals radically change
traditional ideas about the culture of nutrition. Almost all of the above-mentioned
models are represented on the Russian market at different stages of development.
Any local market is influenced by national peculiarities of food consumption, popular
restaurants and cooking. For example, in the Middle East and Asia as a whole, it
is customary to order food delivery at home. Russia in this sense also has its own
peculiarities, but in our case it rather slows down the development of “classical”
models. For example, the culture of visiting restaurants has emerged relatively recently
in Russia. So far, in most cases, going to a restaurant is considered a special event, and
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not just a way of consuming food. Therefore, food delivery services from restaurants
are perceived as an additional and extent even a festive occasion.

4 Modern Technologies Used in Providing the WORLd’s
Population with Food

Nutrition strategies should not only be aimed at guaranteeing food safety (i.e. sufficient
nutrition), but also ensure the consumption of an adequate amount of healthy and high-
quality food. The analysis of trends and patterns of food consumption around the world
is becoming relevant.

The FoodNet roadmap implementation plan for the period 2021–2035 considers:

– Smart devices for testing and express determination of the nutritional status of the
consumer by vital trace elements;

– Tracking services and a digital database of properties and quality of food before
consumption;

– Services for the presentation and evaluation of personal consumer indicators,
electronic health passport and a set of personal food recipes;

– Services for automating decision-making on the selection of the necessary personal-
ized diet based on digital data of the consumer and the product;

– Technologies and equipment for creating mass production of personalized food
replacement, which is based on technologies of personalization of food additives;

– Cryobank of personal microbiota with the ability to store material throughout the life
of the consumer and service for the preparation of personalized food with the addition
of personal microbiota;

– Technologies and equipment for the production of personalized food products at
home environ for target groups nutritional, taste and other needs based on additive
technologies [15].

The solution to the world hunger problem is to eliminate irrational usage of products.
Reducing food losses during processing and storage can cut the forecasted shortage of
food by 20% by 2050 [4]. There is a need to create and implement new technologies to
solve the problems of rapidly growing water shortage and reduce losses in processing
and storage.

The longer the pandemic lasts, the more advantages there are for companies that
have already developed their technologies aimed at producing individual nutrition. This
does not mean that the FoodNet market should oust out traditional markets, such as: food
and agricultural. This market will take a leading position among them. Thus, the main
directions that should lead to an increase in themarket will be: biotechnology, innovative
food products, and the Internet of Things (IoT). The main prevailing directions of the
FoodTech market will be: Sustainable Packaging (eco-friendly, recyclable packaging in
the Food&Beverage segment), IoT in agriculture and personalized nutrition.

In developed countries, there is a request for a healthy diet. Ratings of the best
nutrition apps are compiled that help to follow a healthy diet, count calories, motivate
and even help to make purchases [9].
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The main directions of scientific and scientific-practical activity in the field of
designing new food products are:

– development of recipes and technologies of mass-consumption food products,
functional and specialized food products;

– development of formulations and technologies of biologically active food additives,
vitamin and mineral premix-fortifiers and technological mixtures intended for food
enrichment;

– study of physico-chemical and organoleptic parameters of functional and specialized
food products;

– study of the content and safety of micronutrients in raw food components and fortified
foods during their production and storage;

– scientific and analytical examination of biologically active additives and food products
enriched with vitamins, minerals and other functional food ingredients;

– creation of software products for automated calculation of formulations taking into
account fluctuations in the composition of raw materials and optimization of the
composition of multicomponent prescription mixtures [13].

Automation of the recipe design process will allow employees of food enterprises to
respond promptly to changes in the properties and types of raw ingredients, changes in
consumer preferences, and create products with a predetermined chemical composition,
nutritional value and functional orientation.

Optimal solutions to these problems in the design of food products can be achieved
with the help of their formalized mathematical descriptions – mathematical models
that reflect in an analytical form many functional relationships between technological,
economic and other parameters of raw ingredients, the required characteristics of finished
products (objective function) and a number of restrictions arising from the requirements
of regulatory documentation. Thus, mathematical and simulationmodeling becomes one
of the necessary tools for the technologist to solve problems of optimizing the complex
properties of a food product – organoleptic, physico-chemical, microbiological.

5 Conclusion

The paper considers the goals in the field of sustainable development of rural areas. Each
goal is aimed at solving a specific global problem. Their implementation will make it
possible to move to a more sustainable path of economic development, create a fair
system of distribution of benefits in society, significantly reduce the risks for future
generations in the future existence and development.

The world has all the necessary resources to produce enough food for the entire
population of the planet. Modern food problems are associated with irrational methods
of harvesting, food losses, inadequate distribution. The food and agriculture industries
offer a variety of development strategies that will eliminate hunger in the long term and
ensure universal food security.

Agriculture is the largest employer in the world, providing livelihood for 40% of the
world’s population. This is the biggest source of income and jobs.
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In our opinion, the best way to save people from hunger is to invest in the agricultural
sector. Major investments in sustainable land use and land restoration will contribute to
improving food security, strengthening livelihoods and promoting adaptation to climate
change.
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Abstract. The article describes the theoretical aspects of studying the request of
the professional community for the personal and professional qualities of gradu-
ates of the educational Master’s program “Veterinary and Sanitary Expertise”. A
review of research strategies and results in the field of ensuring the safety of agri-
cultural products showed the need to supplement the profile of specialists with
digital competencies, competencies in statistics, microbiological research tools
and attention to personal safety in working with biologically hazardous objects.
An empirical study was carried out with the participation of representatives of the
professional community of enterprises and organizations of the Stavropol Terri-
tory. Based on the expert survey, the key attributes of the programgraduate’s profile
are highlighted, themost significant for successful work in organizations that carry
out veterinary and sanitary expertise and ensure the biological and environmental
safety of products of animal and plant origin.

Keywords: Professional qualities · Profile of specialist · Professional
competencies · Professional community

1 Introduction

The training of a modern specialist for any branch of the economy cannot be separated
from the real needs of employers. The dynamic change in production processes generates
a request for new competencies of specialists necessary for successful work and associ-
ated with the prospects for the development of enterprises and organizations. Of course,
each industry has its own specifics and key development trends. So the enterprises of
the agro-industrial complex have a common basis for the objects of professional activ-
ity, which, as a rule, are living biological systems: plants and animals. Any biological
system develops according to certain life cycles, closely related to natural and climatic
conditions, which determine the risk factors for the agro-industrial complex.

The conducted informative review of publications on the issues of veterinary and
sanitary safety of livestock products confirmed the relevance of the issue under study.
Modern training of graduates of the Master’s program “Veterinary and Sanitary Exper-
tise” requires constant updating of the competence profile, depending on the production
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requirements. A review of research strategies and results in the field of safety of livestock
products showed the need to supplement the profile of specialists with digital compe-
tencies, competencies in statistics, microbiological research tools and ensuring personal
safety inworkingwith biologically hazardous objects. This information became the basis
for the development of tools for the empirical part of the study of the actual competence
profile of graduates of the Master’s program “Veterinary and Sanitary Expertise”.

The authors of the studyA. Shemyakin,Y. Lyashchuk,A.Martynushkin, E. Strokova,
and A. Krasnikov assess the level of biological risks of the activities of enterprises in
the agro-industrial complex at the regional level [1]. The results of the study show that
biological risks associated with the use of low-quality agricultural products are the main
ones due to the fact that theypose a threat to human life andhealth.Veterinary and sanitary
professionals should be experts in infectious diseases, epizootology, epidemiology and
microbiology, contributing to the identification of threats posed by agricultural products.
Expert work is associated with a high level of social and professional responsibility and
this should be reflected in the design of the competence profile of the future specialist
of the veterinary and sanitary service.

Risks and threats of a sanitary and epidemiological nature for the population are
also objects of wild nature that affect the ecosystem parameters of the regions. The
authors of the study M.N. Sidorov, E.P. Tomashevskaya, A.N. Maksimova show the
need to determine the quality of meat of wild ducks, the scale of capture of which is
increasing in the northern region – the Republic of Sakha (Yakutia) [2]. Such work
is important for assessing possible threats to human health. The accuracy of such an
assessment determines the meaningful component of informing the population and,
accordingly, requires the use of precise methods and strategies for data verification. In
the course of constructing the professional block of competencies of the educational
Master’s program “Veterinary and Sanitary Expertise”, the ability to use the tools of
microbiological research and draw conclusions that provide an information basis for
making management decisions and informing the public should be distinguished as
structural units.

The diversity of competencies of graduates of the Master’s program is due to the fact
that their employment can be carried out both in organizations that control the sanitary
and epidemiological situation, and in enterprises of the production sector, for example,
poultry farms. The authors of the study are N.A. Zhuravel, A.V. Miftakhutdinov, V.V.
Zhuravel show that highly professional veterinary and sanitary control and bacterio-
logical monitoring of products at a poultry farm reduces the risks of producing unsafe
poultry meat [3]. In general, this has a positive effect on the efficiency of the enterprise
and increases the importance of the functionality of a specialist – veterinary sanitary
expert.

Intensive livestock rising is necessary to solve the problem of providing the popu-
lation with high-quality meat products. One of the directions of intensification of beef
cattle breeding is the use of highly productive breeds of livestock and breeds that are
atypical for a particular area. The authors of the article D. Zamaratskii, M. Simakova, G.
Koltun, V. Podvalova on the example of Primorsky Krai show how natural focal parasitic
diseases of animals sharply reduce the efficiency of beef cattle breeding [4]. Organization
of veterinary and sanitary protection of livestock and timelymeasures to prevent invasive
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diseases of animals on farms, as well as careful monitoring of slaughter products with
subsequent systemic conclusions at the level of meat producers and territorial veterinary
and sanitary control will provide the population with safe conditions for consumption.
Thus, graduates of the Master’s program “Veterinary and Sanitary Expertise” carry out
a humanitarian mission - preserving the health and safety of the population.

The work of the veterinary sanitary expert plays an important role in organizing
a barrier to the penetration of diseases dangerous to humans, the nature of which is
determined by poor-quality meat products. With insufficient attention to the presence
of zoonotic agents in the results of microbiological studies of meat, diseases dangerous
to humans can develop. Public health protection includes a thorough inspection of meat
for a microbiological assessment of threats. The authors of the article A. Didkowska,
P. Zmuda, E. Kwiecień, B. Orłowska, K. Anusz, using the example of postmortem
examination of slaughtered sheep, draw systemic conclusions about the possibility of
spreading consumer diseases through contaminated lamb meat [5]. In the course of
describing the experimentalwork,we can highlight important professional competencies
for graduates of the Master’s program “Veterinary and Sanitary Expertise”: knowledge
of the methodological and methodological tools of experimental work, including the
statistical characteristics of sampling, analytical system conclusions, microbiological
examinations, systemic knowledge of a biological object and its life cycle.

2 Materials and Methods

An expert survey of employers in the person of managers, chief and leading specialists
in the field of training 36.04.01 – Veterinary and Sanitary Expertise, profile “Biological
and Environmental Safety of Products of Animal and Plant Origin” was carried out by
the method of electronic questionnaire in Google Form in May-June 2021. In total, 24
people from 17 specialized organizations and enterprises took part in the survey:

The purpose of the expert survey was to determine the current competence profile of
the graduate of the Master’s educational program “Biological and Environmental Safety
of Products of Animal and Plant Origin”.

Objectives: to consider the expectations of the professional expert community regard-
ing the universal, general professional and professional competencies of graduates; deter-
mine the working conditions at enterprises and organizations responsible for the biolog-
ical and environmental safety of products of animal and plant origin, and the possibility
of hiring graduates of this profile.

3 Results and Discussion

General views of the expert professional community about the qualities of specialists
hired are presented in the following Table 1.

The ranking of the significant qualities of the specialists recruited showed that in
the first place, with a large margin from other options, are good knowledge in their
field, which, according to experts, is the main attribute of a young specialist. Next in
importance are good personal potential and the presence of a diploma of graduation
from higher education. The option ‘work experience’, although it scored 55.0% of the
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Table 1. Distribution of answers to the question about the importance of personal and professional
qualities of specialists employed (%)

List of qualities Expert answers, % Rank 1 Alumni responses, % Rank 2

1. Good personal
potential

60,0 2,5 42,0 3

2. Good knowledge in
professional field

95,0 1 85,5 1

3. Having a diploma of
graduation from higher
education

60,0 2,5 23,2 5

4. Availability of
additional education,
several qualifications,
courses

10,0 6 11,6 7

5. Work experience 55,0 4 69,6 2

6. Willingness to work
regardless of wages

20,0 5 30,4 4

7. Ability to present
oneself

5,0 7 18,8 6

8. Nice appearance – 8 8,7 8

9. Having good health – 8 5,8 10

10. Demographic
factors (gender, age,
nationality)

– 8 7,2 9

11. Other qualities (to
specify)

– 7 – –

answers, is only in 4th place in terms of importance. In general, the listed characteristics
make up a significant attributive portrait of a specialist who is hired by employers.

It cannot be said that these views of the experts fully coincide with the vision of
the graduates of the educational program. Just like experts, graduates give first place to
good knowledge in the professional field (85.0% of survey participants); in second place
is work experience (69.7% of survey participants), while the expert community ranked
this attribute only in 4th place with a value of 55.0%; in third place, both graduates and
experts put good personal potential, but experts attach much more importance to this
attribute than graduates: 60.0% compared to 42.0%.

Comparison of attributive characteristics in the answers of graduates and experts
shows the need for the formation and high importance of universal competencies that
develop the personal potential of future employees.

Table 2 presents data characterizing the conditions of an employment contract for
graduates of an educational program that employers can provide at the workplace.
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Table 2. Distribution of answers to the question about the conditions that are provided to
employees – qualified specialists with higher education (%)

List of conditions % Rank

1. Timely payment of wages 90,0 2

2. Full social package (payment of vacation pay, etc.) 95,0 1

3. Training at the expense of the organization, obtaining additional courses 70,0 3

4. Ability to travel, relocation, business trips – 7

5. Comfort of the workplace 5,0 6

6. Good relationships in the team, with the leadership 20,0 4

7. Opportunity to grow up the career ladder 20,0 4

8. Opportunity to travel to sanatoriums, dispensaries on benefits – 7

9. Provision of transport 10,0 5

10. Other conditions (to specify) – 7

11. Difficult to answer – 7

12. None of the above conditions – 7

The list of conditions is headed by such as a full social package (95.0%), timely
payment of wages (90.0%), training at the expense of the organization (70.0%). To assess
the possibilities for the development of additional education at the university, important
information is thewillingness of enterprises andorganizations in the educational program
of “Veterinary and Sanitary Expertise” to pay for advanced training of their employees
(Table 3).

Table 3. Distribution of answers to the question: “Do you focus on professional standards in your
work, where the labor functions of specialists are spelled out?” (%)

Answer options %

1. Yes, we mainly focus on prof. standards 70,0

2. No, we have our own approaches to the organization 10,0

3. I can’t say for sure 20,0

4. Other options –

In their activities, the survey participants and the number of the expert community
are mainly guided by professional standards – noted by 70.0% of respondents. 10.0% of
survey participants said about other approaches and 20.0%were unable to give a definite
answer.

Thus, we can say that professional standards play an important role in the definition
and distribution of labor functions of specialists in the educational program “Veterinary
and Sanitary Expertise” (Table 4).
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Table 4. Distribution of answers to the question: “Do you hire young specialists to your
organization (enterprise) after graduation?” (%)

Answer options %

1. Yes 100,0

2. No –

In the course of the survey, representatives of the professional community were
unanimous in their answer to the question: “Do you hire young specialists to your
organization (enterprise) after graduation?” In 100% of cases, young specialists are
hired.

Moreover, a probationary period for young specialists was introduced only in half
of the organizations. The data is presented in Table 5. 15% of the experts said that there
was no probationary period. And another 35.0% noted that the probationary period is
assigned individually, depending on the characteristics of the candidate, which once
again emphasizes the need to build personal potential, and not only knowledge in the
professional activity of graduates during the period of study at the university.

Table 5. Distribution of answers to the question: “Is there a trial period when applying for a job
in your organization (enterprise)?” (%)

Answer options %

1. Yes 50,0

2. No 15,0

3. Decisions are made on an individual basis 35,0

55.0% of experts note that theywould like to hire a specialist with experience, but not
older than 40 years. But it should be noted that the share of those experts who indicated
that they would have made a choice in favor of young specialists is quite large – 30.0%
of the number of survey participants. The data is presented in Table 6.

In the course of the survey, the experts named the labor functions that a university
graduate should be able to perform, working as a specialist in an organization (answers
are given in the authors’ transcription): an epizootologist, first of all, according to the
job description, must treat and prevent animal diseases; organize veterinary preventive
measures; perform the functions of a veterinarian; apply knowledge and skills in practice;
be able to organize work for high-quality performance of labor duties; be competent in
veterinary matters; the specialist must ensure the prevention of the spread of diseases
and their pathogens from foci or disadvantaged regions; to prevent the introduction
of diseases from disadvantaged regions to prosperous ones; creation of opportunities
for the safe movement of animals and other goods controlled by the state veterinary
service between the constituent entities of the Russian Federation; have responsibility
and diligence; perform their job duties efficiently; know and be able to carry out VSE
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Table 6. Distribution of answers to the question: “Who would you rather hire: a young specialist
or an experienced specialist?” (%)

Answer options %

1. Young specialist 30,0

2. A specialist with experience, but not older than 40 years 55,0

3. A specialist with experience, the rest does not matter 5,0

4. Other options –

5. Difficult to answer 10,0

products, operate in the “Mercury” system, understand what he is doing and want to
work.

In general, attention is drawn to the high proportion of formulations that are associ-
ated with the personal potential of a young specialist, they account for about a third of
the entire list.

At the national level, countries are working on an expert assessment of the biological
hazard of natural objects, which is the basis for updating the requirements in veterinary
and sanitary-epidemiological legislation. A separate task is to study old burials of ani-
mals that died during dangerous epidemics, including anthrax. The authors of the article
are Z.F. Dugarzhapova, M.V. Chesnokova, T.A. Ivanova, S.A. Kosilko, S.V. Balakhonov
offer an improved methodology for examining anthrax burial grounds [6]. According to
a group of scientists, a comprehensive epizootological and epidemiological survey of
burial grounds makes it possible to regional map the threats of the spread of epidemics,
which is important for large territories of the country and increasing anthropogenic
loads on ecosystems that have developed over decades. For our study of the compe-
tence profile of future veterinary experts, it is relevant to understand the place of the
skills of conducting complex epizootological and epidemiological surveys, which pose
a danger not only to the population, but also to the researchers themselves. And also
the readiness to summarize the results of such surveys, which will be further used in
the form of information bases (digital competencies for working with data) and propos-
als for improving the legal regulation of veterinary and sanitary safety (competencies
associated with legislative initiative).

The expansion of the scale and accuracy of research on animal diseases reveals
new levels of understanding of their relationship to disease and human hazards. The
authors of the article P.A. Brown, C. Courtillon, E.A.W.S. Weerts, M.H. Verheije, N.
Eterradossi give the results of the dynamics of production and transmission of infection
by the example of experimental infection of turkeys [7]. The authors emphasize that the
rate of spread of viral infection in birds shows the importance of sanitary prevention
on farms and strict veterinary and sanitary control. Accordingly, qualified specialists
with professional competencies are needed at the request of employers who are ready
to provide a set of preventive measures and monitoring of the veterinary and sanitary
situation at enterprises in the agricultural sector [8–10].
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The relevance of studying the request of the professional community in order to
update the competence profile of graduates of the Master’s program “Veterinary and
Sanitary Expertise” is confirmed by the results of a number of studies. Authors V.I.
Khizgiyaev, N.I. Briko, V.R.. Kuchma, T.I. Gordeeva, N.A. Volkova consider the pro-
fessional standard of a specialist in the field of preventive medicine as the basis for
training and activities in the field of medical prevention [11]. The development of an
updated version of the professional standard was attended by representatives of enter-
prises and organizations that hire graduates of programs of treatment and prevention.
Thus, employers are directly involved in the formulation of the functionality required
by modern production. The procedures for securing the expert opinion of the profes-
sional community in specific regulations are important in understanding and optimizing
algorithms for new institutional contours of food sanitary safety, taking into account
the variety of forms of livestock production and the current epidemiological situation
[12–17].

The carried out substantive analysis of publications on the issues of veterinary and
sanitary safety of livestock products confirmed the relevance of the issue under study.
Modern training of graduates of the Master’s program “Veterinary and Sanitary Exper-
tise” requires constant updating of the competence profile, depending on the production
requirements. A review of research strategies and results in the field of safety of live-
stock products showed the need to supplement the profile of specialists with digital
competencies, competencies in statistics, microbiological research tools and ensuring
personal safety in working with biologically hazardous objects. This information can
serve as the basis for the development of tools for the empirical part of the study of
the current competence profile of graduates of the Master’s program “Veterinary and
Sanitary Expertise”.

4 Conclusion

The analysis of the results of an expert survey conducted at enterprises and organizations
of the Stavropol Territory, whose activities are related to ensuring the veterinary and
sanitary safety of agricultural products,made it possible to drawanumber of conclusions:

1. Ranking of the significant, according to experts, qualities of specialists hired showed
that in the first place, with a large margin from other options, are ‘good knowledge’,
which is themain attribute of a young specialist.Next in importance are goodpersonal
potential and the presence of a diploma of graduation from higher education. The
listed characteristics make up the actual attributive portrait of a specialist who is
hired by employers.

2. These views of the experts do not fully coincidewith the vision of the graduates of the
educational program. Just like experts, graduates give first place to good knowledge
in the subject area (85.0% of survey participants); in second place is work experience
(69.7%of survey participants), while the expert community ranked this attribute only
in 4th place with a value of 55.0%; in third place, both graduates and experts put
good personal potential, but experts attach much more importance to this attribute
than graduates: 60.0% compared to 42.0%.
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Comparison of attributive characteristics in the answers of graduates and experts
shows the need for the formation and high importance of universal competencies that
develop the personal potential of future employees.
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Abstract. In full accordance with the goals of sustainable development deter-
mined by the United Nations until 2030 and the national development goals of
the Russian Federation, it is necessary to ensure superior, as compared to world-
wide average, GDP (gross domestic product) growth, its value calculated per 1
employee being the index of social labor productivity. The goal of the research
is to determine the interrelation between labour productivity, innovative activ-
ity of organizations and the level of small business development with the use of
correlation-and-regression analysis. The specific feature of the present research is
the investigation of interregional differences of the effects under consideration by
performing the comparison of three macro-regions’ data. The closeness of inter-
relation of the investigated factors for Russia as a whole is estimated as average.
At the same time, the impact of small business development upon changes in
labour productivity level is negative. Much more significant impact of innova-
tive activity upon the dynamics of labour productivity is registered in central and
north-west Russia, wheremain industry knowledge-intensive expertise centers are
located. There is almost no interrelation between the investigated factors in south-
ern regions. This leads to the necessity to create the specific ecosystem of innova-
tive development with the use of «catching-up development» and polycentricity
principles.

Keywords: Innovations · Labour productivity ·Macro-region · Small business ·
Ecosystem of innovative development

1 Introduction

For the beginning of 2021 Russia was in the 67th place among the world countries in
terms of standard of living, lagging behind the leader (Switzerland), in particular, by
3.3 times in consumer purchasing power and by almost 4.0 times in the cost of living
[22]. Russian population steadily decreases. Population age distribution is getting worse,
because the share of working-age people decreases, while the number of pension-age
people increases. Under these circumstances, it is possible to ensure the growth of
people’s standard of living only on the basis of labour performance increase. However,
also in its growth rate of labour productivity Russia is far behind the leader in average
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annual growth – China – by 5.0 times, and behind the leader in the approached level of
this index – the USA – by 2.3 times [15].

That is why one of the main objectives in the Decree of the President of Russia No.
474 “On the national development goals of the Russian Federation for the period up to
2030” is “decent and effective work and successful business activity”. The achievement
of this objective is characterized by ensuring the growth of country’s gross domestic
product (GDP) higher than worldwide average and real growth of capital investments.
It is not possible to achieve this goal without the growth of organizations’ innovative
activity throughout all subjects of the Russian Federation. This has been proved by the
investigations of such science classicists as Y. Schumpeter, R. Solow, E. Denison and S.
Kuznetz, P. Romer [25].

The most significant influence of innovative factors upon the growth of coun-
try’s economy is also confirmed in the investigations of many contemporary academic
economists: Ya. Nikonova, E. Basovskaya, R. Khanna & C. Sharma, S. Kurt & Ü. Kurt
[4, 13, 14, 18]. At the same time, this issue cannot be considered as definitely resolved,
because there are still ongoing disputes regarding the methods for the evaluation of spe-
cific results of innovative processes in short-term and long-term periods, as well as the
ways of transforming new knowledge and technologies into the accelerators of economic
development at macroeconomic level.

The problemof interrelation between the innovative activity and the indicators,which
describe labour productivity, is still paid great attention. The authors are interested in dif-
ferent aspects of these complicated and many-sided cause-and-effect relations between
innovations and growth. Thus, publications consider the specific features of innovative
development and its impact upon labour productivity in small enterprises [5, 10]. Appar-
ently, the investigated interrelations will be different within different economy sectors,
which is proved by the researches [1, 17]. There are research papers dedicated to the
role of innovations in agriculture [9], construction industry [11], electric-power industry
[26], etc.

According to scientists’ opinion and as confirmed by a number of research papers
[2, 8, 12, 16], the inhomogeneity of the investigated effects also reveals itself depending
on country’s development level. At the same time, it should be noted that since the
interpretation of the term“innovation” is ambiguous, scientists often use the development
of information and communication technologies as the main indicator of innovative
activity. These particular technologies serve as an innovative engine at the current stage
of economic development in any country.

Thus, experts primarily focus on the interrelation of innovative activity and pro-
ductivity at the level of enterprises, sectors and economies in general. Researchers pay
much less attention to interregional differences, because this aspect is mostly relevant
for big countries. For instance, the issue of overcoming regional barriers in innovative
development is studied using China as an example [19].



The Increase of Labour Efficiency and Innovative Regionalization 113

Russia is notable for a great number of administrative and territorial units located
within vast territory. The issues of studying the innovative factors of labour productivity
growth in interregional context have been to a certain degree covered by Russian authors
[7, 3 et al.]. However, it is necessary to perform further researches that would make it
possible to approach the innovative regionalization in the country and the formation of
regional innovative systems from the viewpoint of evaluating the internal cause-and-
effect relations.

The goal of this research is to identify major factors, which have positive and neg-
ative impact on the regional level of labour productivity. For this purpose factors that
characterize the innovative activity of organizations and the development level of small
business in the investigated RF regions have been selected as independent factors. The
specific feature of the research is the analysis of interregional differences of examined
effects by the comparison of macro-regions.

2 Materials and Methods

The main research methods were regression and correlation analyses in order to deter-
mine how presumable changes (which can be managed at macro- and meso-levels of the
parameters within the investigated system) influence the value of “output” characteristic,
i.e. labour productivity.

At the first preliminary stage of econometric modeling there has been determined
the following set of variables, which participate in the model of economic variables. As
a performance indicator we have taken the indicator that describes labour productivity at
federal subject level – GPR (gross regional product) per 1 employee. Following factors
were attributed to independent variable factors:

X1 – the level of organizations’ innovative activity, which reflects percentage ratio of
innovation-active organizations to their total number.
X2 – the share of organizations, which performed technological innovations in %,
calculated similarly to X1, but according to the limited number of economic activities;
X3 – the internal costs for scientific researches and developments, calculated per 1
employee, ths. Rubles;
X4 – the ratio of costs for organizations’ innovative activity to the amount of shipped
goods (works, services), %;
X5 – the share of innovative goods (works, services) within their total amount, %;
X6 – the share of employees engaged in small business within their total amount, %;
X7 – the ratio of small companies’ turnover to organizations’ turnover, %.
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The first five variables present the information from statistical reports regarding the
costs for innovative activity (X3 and X4) and the results consequently achieved (X1, X2
and X5). The introduction of the last two variables is due to the fact that GRP is calcu-
lated taking into account the results of small business activity, although its share within
statistical data up to 2021 was not indicated. At the same time, indicators that describe
the innovative activity of organizations do not take the activity of small businesses into
account.

For analysis purposes there were used data from 82 Russian regions for 2020,
published on the website of Federal State Statistics Service (Rosstat) [23].

At the second a priori stage of modeling it has been determined that labour produc-
tivity in Russia has grown by 13.4% since 2014, which can be deemed as low growth
rate (Table 1). The reasons for such a rate are connected with methodical specifics of
determining this indicator (low annual average GDP growth rate, presented in USD in
order to ensure data comparability).

Table 1. The dynamics of labour productivity in the RF

Indicator 2014 2015 2016 2017 2018 2019 2020 2020 in % to
2014

GDP in
current
prices, bln.
Rubles

79030 83087 85616 91843 103862 109862 106967 135.3

GDB at
purchasing
power parity,
bln. USD

3763.5 3526.2 3539.0 3807.1 4211.4 4283.5 4133.1 109.8

Number of
employed,
ths. People

71493 72425 72065 71843 71562 71064 69252 96.9

GDP at
purchasing
power parity,
USD per 1
employee

52642 48688 49108 52992 58850 60277 59682 113.4

Compiled by the authors based on [21, 23].

The detected trends of slowdown in labour productivity growth are the consequence
of many factors. Among them are not only such global events as Solow’s productivity
paradox [7], but also changes in operating conditions of Russian economy (sanctions
and pandemic). According to the research, conducted by Federal Research Centre for
Projects Evaluation and Consulting Services, significant impact is made by the reduction
of organizations’ activity level: their number within 2015–2019 decreased by 3% and
the number of researchers decreased by 6.4% [24]. One of the reasons for that is the
decrease of share of companies’ internal costs for research and development works from
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1.43 to 1.21% GRP. As a result, the share of innovative goods (works, services) within
their total amount decreased from 8.44 to 5.27%.

At the third informational stage of the research work there was gathered necessary
information with subsequent assessment of its homogeneity in order to exclude the
objects with high degree of deviations (influential observations). The exclusion of these
objects can significantly increase the predictive properties of the model. In particular,
when considering GRP values per 1 employee in economy, which describes labour
productivity, the following has been determined. The variation coefficient was 58.3%,
which is a very high value. This situation is illustrated by Fig. 1 that provides data by
Russian regions, grouped according to Federal Districts (FD).

The greatest difference is between the Sakhalin and the Tyumen regions – more than
by 3.5 times. At the same time, their places among the ranking by innovative activity
of 82 analyzed regions are 64 and 49 accordingly; and by internal costs for scientific
researches and developments per 1 employee – 41 and 22 accordingly. The reason for
such deviations is the high share of oil-and-gas field developments within the economy
of these regions. The exclusion of these regions has reduced the variation coefficient to
the acceptable level – 39.4%.

The Chechen Republic, Dagestan and Ingushetia (North Caucasian FD), which have
an extremely low level of innovative activity, have been excluded, as well (Fig. 2). The
Chukotka and the Jewish Autonomous Regions (Far Eastern FD) have been excluded
because of the internal costs for scientific researches and developments per 1 employee,
since data for these regions was not published.

At the fourth stage of the specification of the developed model we performed the
regression analysis with the use of MS Excel “Regression” tool.

The analysis of regression statistics has shown that standard error after the exclusion
of 8 federation subjects had reduced from 221 to 142 or by more than 1.5 times. Multiple
correlation coefficient “R” was 0.623. This means that the relation between GRP per
capita and all selected factors is average. R2 was 0.39. In other words, change of GRP
per capita is influenced by all considered factors together by 39%. This level can be
deemed acceptable, because this research did not take into account the specific features
of sectorial structure of regions’ economy, composition of types and innovations on their
territory. Apart from that, companies’ innovative activity can also have negative impact
upon redistribution of resources within the company, which is not monitored in course
of statistical survey [6].



116 N. V. Bannikova et al.

390

3997

4226

0 1000 2000 3000 4000 5000

1
3
5
7
9

11
13
15
17
19
21
23
25
27
29
31
33
35
37
39
41
43
45
47
49
51
53
55
57
59
61
63
65
67
69
71
73
75
77
79
81

Ce
nt

ra
l  

   
   

   
   

   
   

   
   

   
   

  F
D

N
or

th
w

es
te

rn
FD

 S
ou

th
er

n
FD

N
or

th
Ca

uc
as

ia
n

FD
Vo

lg
a

FD
U

ra
l

FD
Si

be
ria

n
FD

Fa
r E

as
te

rn
FD

Fig. 1. GRP per 1 employee by the regions of the RF, ths. Rubles.

Next, the selected factors were checked for multicollinearity. For this purpose corre-
lation analysis with the use of MS Excel “Correlation” tool was performed. The results
of this analysis are presented in Table 2.
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The availability of correlation coefficients by 0.8modulus confirmsmulticollinearity
of X1 and X2 variables. Since the performance indicator is much more influenced by
X2, it has been decided to exclude X1 variable from further analysis (Fig. 2).
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Fig. 2. The level of companies’ innovative activity by the RF regions, %

Multiple correlation coefficients R and R2 have not changed significantly in course
of recalculation.

Having estimated the statistical significance of regression equation coefficients, we
took the decision to exclude factors x2, x4, x5, x6 from themodel, because their t-statistics
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is less than tabulated value. This is also confirmed by the analysis of p-values, which
are more than 0.05 for the specified variables.

Table 2. The results of correlation analysis

Y X1 X2 X3 X4 X5 X6 X7

Y 1.000

X1 0.061 1.000

X2 0.159 0.798 1.000

X3 0.380 0.375 0.539 1.000

X4 0.006 0.410 0.435 0.473 1.000

X5 −0.082 0.679 0.559 0.255 0.482 1.000

X6 0.330 −0.015 0.036 0.143 −0.081 −0.072 1.000

X7 −0.478 0.162 0.133 −0.099 0.000 0.174 −0.434 1.000

3 Results

After the exclusion of statistically insignificant variables following factors have been
left within the model:

– internal costs for scientific researches and developments per 1 employee, ths rubles
(x3);

– ratio of small businesses’ turnover to organizations’ turnover, % (x7).

Eventually, the model looks as follows:

Y = 1187.11+ 13.15x3 − 6.03x7

“Net” regression coefficient a3 with x3 factor shows that with the increase of internal
costs for scientific researches and developments per 1 employee by 1 ths rubles, the
indicator of labour productivity increases by 13.15 ths rubles in average, if the ratio of
small businesses’ turnover to organizations’ turnover is fixed.

“Net” regression coefficient a7 with x7 factor shows that with the increase of ratio
of small businesses’ turnover to organizations’ turnover by 1%, GRP per 1 employee
will averagely decrease by 6.03 ths rubles, if internal costs for scientific researches and
developments per 1 employee are fixed.

Changes of regression statistics with the reduction of number of independent
variables are shown in Table 3.

Multiple R amounts to 0.58. This means that the relation between GRP per 1
employee, internal costs for scientific researches and developments per 1 employee
and the ratio between small businesses’ turnover to organizations’ turnover is average.
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Table 3. Change of regression statistics

Indicator Indicator value Indicator deviation

With 6 factors With 2 factors

Multiple R 0.6228 0.5837 −0.0391

R2 0.3879 0.3407 −0.0472

Normalized R2 0.3331 0.3221 −0.0110

Standard error 341.36 344.16 2.80

Observations 74 74 X

R2 value = 0.34 means that the change of labour productivity is determined by the
dynamics of investigated factors in total by 34%.

The calculation of partial elasticity coefficients has shown the following. If internal
costs for scientific researches and developments per 1 employee increase by 1%, labour
productivity increases by 0.1% in average, if other model factors remain fixed. At the
same time, the increase of ratio of small businesses’ turnover to organizations’ turnover
by 1% will generally result in GRP per capita reduction by 0.221%.

In order to check the hypothesis regarding the existing regional diversity of the
effects under investigation we have performed the regression analysis in the context of
Russian macro-regions. Thus, Macro region I included Northwestern and Central FD,
Macro region II – Southern and North Caucasian FD, Macro region III – Volga, Ural
and Siberian FD. Regression statistics, obtained as a result of calculations, is provided
in Table 4.

Table 4. Change of regression statistics by macro-regions

Indicator Indicator value

Macro region I Macro region II Macro region III The RF in general

Multiple R 0,75305 0,45726 0,61922 0,58370

R2 0,56709 0,20909 0,38343 0,34070

Normalized R2 0,53246 0,01136 0,33205 0,32213

Standard error 274,61 239,92 252,92 344,16

Observations 28 11 27 74

Coefficients: Y 1182,545 889,283 1342,949 1187,113

X3 15,646 6,337 5,816 13,147

X7 −4,662 −5,410 −8,392 −6,028

The obtained data confirm significant territorial differences within investigated inter-
relations. It should be noted that the Far East Federal District was excluded from cal-
culations due to insufficient observations (8 subjects after the exclusion of the Sakhalin
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region, the Chukotka and the Jewish Autonomous Regions) and specific economic
structure of this region.

4 Discussion

The obtained results of research have actually confirmed the conclusions of two investi-
gations, carried out by the Chinese scientists: 1) the innovative activity of organizations
leads to redistribution of their resources, which results in the reduction of economy-
wide innovative effect [6], 2) in the context of macro-regions we can observe changes
of innovative activity impact upon labour productivity, as compared to the data for the
country as a whole [19].

As far as redistribution of resources is concerned, it can be noted that the implemen-
tation of advanced technologies definitely leads to the growth of labour productivity and
the reduction of companies’ employees. Unemployed personnel should seek for another
job, which frequently results in changing not only occupation, but also profession. Low
correlation coefficient between X3 and X7 (0.1327) shows that there is almost no inter-
relation between the growth of internal costs for scientific researches and developments
per 1 employee and the growth of small companies’ turnover in relation to organizations’
turnover. Moreover, it should not be overlooked that the growth of GRP share, produced
by small business, has negative impact upon changes of labour productivity within the
economy of labour productivity in average. The reason for that are its weaker innovative
activity [24] and the efficiency of utilization of engaged labour power.

As far territorial differences of the investigated relations as a consequence of inho-
mogeneous regional development are concerned, we can note the following. Within
Macro region I there exists the closest connection between GRP per 1 employee, inter-
nal costs for scientific researches and developments per 1 employee and percentage ratio
of small businesses’ turnover to organizations’ turnover. Changing these two indepen-
dent variables by 56.7% explains GRP dynamics in Northwestern and Central FD. It is
quite understandable, because of higher degree of development of high-technology and
knowledge-intensive industries in these regions, as well as the concentration of innova-
tive economic activity in Macro region I, and specifically in Moscow and St. Petersburg
agglomerations.

Much worse is the situation inMacro region II, where there is almost no interrelation
between the investigated parameters, although 3 republics (North Caucasian FD) were
excluded from calculations due to their low innovative activity level. The difference from
Macro region I is primarily in specific features of industrial research intensity. Obviously,
one of the reasons for that is “resource-based” nature of economy in the subjects ofMacro
region II, with high share of such economic sectors as mining and agriculture (which
can also be considered as resource-based economy sector). Their share is higher than
the share of processing industries, where the possibilities for innovative development
are wider.

Thus, within the subjects of Macro region II there should be formed a specific
ecosystem of innovative development, which can be of supra-regional nature [20]. This
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ecosystem, comprising infrastructure, standards, regulatory norms is aimed at the devel-
opment of territories’ innovative potential and the promotion of specific regional inno-
vative paths. By the creation of this ecosystem it is reasonable to apply the principles of
“catching-up development” and polycentricity.

The principle of “catching-up” development is aimed at some compensation of the
peculiarities of regional specialization by creating the drivers for innovations and eco-
nomic development. This can be achieved with the help of different instruments, such
as direct and indirect subsidies for encouraging the activity in the field of scientific
researches, as well as different ways of initiating innovations in strategically valuable
sectors.

The principle of polycentricity is aimed at the creation of innovative framework
within the territory. The need for such framework is related to the existing spatial limita-
tions in course of distributing innovations within the vast territories of Russian regions.
The extension of network and strengthening the significance of scientific and innovation-
technology centers with simultaneous increase of state supportive measures are able to
become a basis for systemic implementation of innovative developments, technological
diffusion within regional and industrial complexes.

5 Conclusion

Thus, keeping in mind the objective of the present research, which aims at the estimation
of interrelation between labour productivity, innovative activity of organizations and the
level of small business development in Russia in general and in the context of macro
regions, we can state the following.

The interrelation of factors under investigation is of dual character. The implemen-
tation of advanced technologies leads to the growth of social labour productivity, but
simultaneously results in redistribution of labour force into small business sector, the
expansion of which is a decreasing factor for labour productivity at macro level.

The relation between indicators under analysis (GRP per 1 employee, internal costs
for scientific researches and developments calculated per 1 employee, ratio of small
businesses’ turnover to organizations’ turnover) should be estimated as average. Change
of labour productivity is determined by the dynamics of independent factors under
consideration by 34% in total.

The closeness of this interrelation within the selected macro regions changes sig-
nificantly. The closest interrelation is in macro region, which comprises Northwest-
ern and Central FD and is explained by the concentration of high-technology and
knowledge-intensive industries, as well as the availability of scientific and financial
centers.

The interrelation between the investigated parameters within the macro region that
comprises FD of the south of Russia, is very weak. This can be primarily explained
by a more distinct “resource-based” nature of the economy of these regions, as well as
by lower industrial resource intensity. From the practical point of view, this situation
requires creating new scientific and innovation-technology centers and increasing their
significance, as well as developing new approaches to the formation of a specific inno-
vative ecosystem of this territory, which is able to ensure “catching-up” development in
the field of new technologies.
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Ensuring sustainable development of Russia with GDP growth rates surpassing
worldwide average growth rates can be achieved not only by the increase of internal
costs for scientific researches and developments per 1 employee, but also by target-
focused increase of these costs in small and medium-sized businesses, which manu-
facture import-substituting products and expand export potential of the country. At the
same time, it is necessary to continue supporting small businesses, which ensures the
employment of population, although not highly-effective.

This problem needs further studying with more fundamental analysis of factors,
which have not been taken into consideration in the current research. Among them are:
the specific features of sectoral structure of regional economies, composition of types
and innovations on the territory of these regions.
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Abstract. The question of sustainable development of rural areas is needed in
analysis of production capabilities of wheat or rye flour and orientation of produc-
ers to the foreign market. At that point, the study of the problems and main trends
of the flour-grinding segment in the global space becomes actual. The research
included an analysis of wheat and meslin export production, also products of their
processing in the global market. A detailed study was carried out on the statistical
data of the Russian Federation. As an example, we used the southern region of the
country - the Stavropol Territory, which specializes in grain crops cultivation and
its processing. The purpose of the scientific study is the assessment of opportuni-
ties for rural areas development. The study is based on the identification of factors
that have a positive and negative impact on the export potential of flour products.
It was founded that nowadays the Russian Federation occupies the 10th position
among global suppliers of wheat and rye flour. The Stavropol Territory is one of
the three leaders in the export of flour products and has a significant potential
to increase. Despite the fact that Russia by itself concedes in export volume to
Turkey, Kazakhstan, and Uzbekistan, the positions of the Stavropol Territory in
this segment are being strengthened. To maintain the positive trend, it is necessary
to expand the exports geography in perspective areas (the countries of the Middle
East, Africa, Southeast Asia), to improve the exports support and to harmonize
tariff and non-tariff measures between countries. The results of the correlation-
regression analysis showed that the price does not have a significant impact on
the flour-grinding products export. Therefore, there is a background to increase
the export deliveries with government support regardless of price and sustainable
status of rural areas. The novelty of the results lies in assessing the influence of
main factors on the volume of flour exports in the Stavropol Territory and charac-
terizing the complex of problems existing in this context. New directions for the
agricultural products supply to the foreign market are substantiated.
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1 Introduction

The development of international trade has a certain impact on the country specializa-
tion in the global market and has transformed the structure of producers, exporters and
consumers of grain products. Wheat, as the main grain crop, is considered as a necessary
element in the diet of many nationalities. Many Russian and foreign scientists consider
that the world demand on wheat flour is limited, because many countries prefer to import
grain instead of flour. And the import duties are usually very high, volumes are quota,
as a result the entry into new markets for Russian exporters may be difficult [8, 9, 12].
Despite the decline of global consumption of flour products (which is observed during
the pandemic since 2020), the dynamics of exports is in a limited range and there is
no significant reduction in supplies. Most countries are still exporting flour, trying to
support local producers and create favorable conditions for the sustainable development
of rural areas.

From the one side, there is the grain segment importance in the world space, for
the other, there is the export potential importance for the country as a component of
the sustainable development of rural areas. The state of the global market of grain
crops, including wheat, the analysis of geography, exports and imports dynamics are
detailed in international studies [2, 3, 15, 16, 19]. These articles are focused on the
competitiveness factors, the import volumes dependence on the price [2–4, 10, 11], the
specific features of each country, the definition of effects by increasing production [6,
8, 17], the protectionism practice [1, 18], certification and standardization questions
[7]. Great emphasis is placed on the analysis of comparative advantages in agriculture
of different countries [2, 3, 13]. Many scientists substantiate the conclusions about the
volatility of trends in the export of grain [2, 3, 13]. The studies above became a sufficient
basis for the next researching in this area. However, there are still unresearched issues,
such as the development of the world market of grain processing products, the wheat
flour in particular, development factors and problematic aspects associated with the
intensification of the export potential of flour products as an indicator of the development
of rural areas. These factors determined the relevance of research, its theoretical and
practice implementation. In this regard, the purpose of the study is to identify trends of
the development of wheat or rye flour exports, taking into account the obstacle factors
for export of grain processing products and for the sustainable development of rural
areas.

2 State and Development of Grain Products and Their Processed
Products in the Global Market

Under the influence of natural and climatic factors and the socio-cultural preferences of
people in different parts of the world, a certain specialization of the crop production has
developed.

Currently, the main volume of produced wheat is concentrated in the countries of the
European Union (137.5 million tons), China (136 million tons) and India (108 million
tons). Russia, according to quantitative estimates, remains in the fourth place (73.5
million tons, 10.4%), ahead of the United States, which closes the top five countries.
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However, specialization in certain types of grain is not always translated into export
competitive advantage in the world market. Thus, China and India, the world leaders in
the gross harvest of wheat, almost completely use the produced volumes of cereal for
domestic consumption and are forced to import grain. The leading exporters in 2020
were Russia (37.3 million tons), USA (26.2 million tons), Canada (26.1 million tons),
France (19.8 million tons) and Ukraine (18.1 million tons). These countries supplied
127.5 million tons of wheat to the world market this year, or total two thirds of the world
exports volume.

The geography of supplies ofwheat or rye flour has a slightly different structure: there
is a discrepancy between the roles of countries wheat-exporters and countries supplying
flour products. Thus, Turkey (2990.4 thousand tons),Kazakhstan (1742.6 thousand tons),
Germany (900 thousand tons), Uzbekistan (725.1 thousand tons) and Argentina (598.4
thousand tons) are the leaders in the supply of these products for export. Russia occupies
only the tenth position in the flour export. The main reason for the country’s low rating
is the minimum world prices for wheat or rye flour during 10 years. Thus, the most
competitive are those market participants that are able to generate high profitability due
to large volumes of trade, high quality products, or due to government support.

World prices for wheat before 2015 were an rather higher than during the more
productive periods. The lowest price level was fixed in 2016, when the supply of crops
on the world market increased significantly compared to the previous periods (Table 1).
The highest level of wheat prices is observed in 2018, which is associated with a supply
and consumption level decrease in the world wheat market. The weakening of the ruble
also strengthened the position of Russian exporters in foreign markets, when Russia
ousted France out of the large Egyptian market. However, the price per ton for wheat
or rye flour in the leading countries in 2020 was: in Turkey - $318, Kazakhstan - $281,
Germany - $384, Uzbekistan - $301, Argentina - $325, Ukraine - $269. According to
the average prices of the world market, the cost of wheat or rye flour in Russia ($312) is
considered uncompetitive, exceeding prices of many countries. Secondly, the logistics
chains of competing countries are more developed, and the transport costs will be lower
due to the territorial proximity to the countries of East and Southeast Asia, the Middle
East (for example, in Turkey).

Table 1. An average world export prices for agricultural products, USD/ton [5, 14]

Indicators 2015 2016 2017 2018 2019 2020

Wheat and rye flour export price in Russia 320.0 300.0 318.0 270.0 327.0 312.0

Wheat and meslin export price in Russia 186.0 166.0 175.0 192.0 201.0 212.0

Wheat and rye flour world price 405.0 370.3 321.4 372.7 393.0 415.0

Wheat and meslin world price 197.0 149.9 203.0 218.0 196.0 220.0
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3 Development of the Export Potential of Rural Areas
in the Russian Federation (on the Example of the Stavropol
Territory)

Each Russian region has its own specific structure of agricultural products and export
opportunities. This structure is based on natural and climatic conditions, proximity to
sales markets, demand of produced raw materials (both in the region and beyond),
transportation costs, production capacities, qualifications of personnel, the structure of
crops. Together, all factors are forming the competitive advantage of the region and its
production, contributing to the sustainable development of rural areas.

Given to the considerable length of the Russian Federation, many regions in it have
a common border with foreign countries or are located nearby. For example, the Far
Eastern FederalDistrict (PrimorskyTerritory), the Siberian FederalDistrict (Novosibirsk
Region, Altai Territory, Kemerovo Region) are close to China. Due to the existing level
of specialization, grain processing products can be the export basis to China in these
regions.

In accordance to the |RussianStrategy of the SustainableDevelopment ofRuralAreas
and the federal project “The Export of Products of the Agro-Industrial Complex (AIC)”,
the question of stable socio-economic development of rural settlements and exports
increase due to the high added value products can be resolved. Thus, on the one hand,
the problem of the development of rural areas will be solved because of the development
of agricultural producers, the growth of positive cash flow, revenue from products sales,
profits, and on the other hand, the implementation of the President’s message to increase
the export of non-commodity products of the agro-industrial complex.

The export of Russian flour is characterized by unstable dynamics. This is evidenced
by the fall in the value of exports in 2020 to $77.3 million, or 25% down. The drop in
flour-grinding products exports is explained in reduction of China purchases. In addition
to PRC, Russia’s partner countries in flour imports are Georgia, Afghanistan and Iraq.

The Stavropol Territory is considered to be a highly developed agricultural region,
with the largest agro-industrial complex in south of Russia. By implementing the pro-
grams above, the region can ensure the development of rural areas due to the effect of
the grain processing products export. Therefore, the export of flour should become a
strategically important export direction and, as a result, an increase of grain processing
products, the purchase of new varieties of grain crops, an increase in payments to budgets
of all levels, an increase in wages in rural areas.

Conducted studies have shown that the share of the Stavropol Territory in Russian
exports of wheat or rye flour ranges from 7–10% (27–29 thousand tons), which indicates
a large contribution of the region to the country’s economy. In 2020, during the pandemic,
the region’s rating rose by 2 points and fixed at the 3d position. The share of the Stavropol
Territory in wheat exports in the country in 2020 was 1.5% (Table 2).

Using the trend analysis of thewheat or rye flour export in Russia and in the Stavropol
Territory, the low determination coefficients were obtained - 0.379 and 0.221, respec-
tively. The results of the study indicate that the trends of export volumes growth or
decline are non-predictable and forecasting becomes inappropriate.
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A paired correlation-regression analysis between the volume of flour exports in the
Stavropol Territory and the average export price in Russia showed that there is no close
relationship between the factors, and price changes do not significantly affect the amount
of exported flour, since the correlation coefficient was minus 0.519.

Table 2. Export indicators of wheat and meslin, and products of their processing in the Stavropol
Territory [5, 14]

Indicators 2015 2016 2017 2018 2019 2020

Wheat and rye flour export in the Stavropol Territory,
million dollars

9.9 5.5 5.0 6.5 8.4 7.5

Wheat and meslin export in the Stavropol Territory,
million dollars

85.8 68.8 64.4 69.1 103.0 77.3

Wheat and rye flour export ranks of the Stavropol
Territory

4 6 7 5 5 3

Wheat and meslin export ranks of the Stavropol
Territory

4 6 7 7 6 7

Wheat and rye flour export in the Stavropol Territory,
%

11.5 8.0 7.8 9.4 8.2 9.7

Wheat and meslin export in the Stavropol Territory,
%

4.3 2.7 2.1 0.9 2.0 1.5

Therefore, the region should pay attention to other internal and external factors in the
development of the Russian and the world flour markets. The advantage of the grain and
flour milling segment of the Stavropol Territory is in its favorable economic and geo-
graphical position for neighboring importing countries (Azerbaijan, Armenia, Georgia,
Turkmenistan, Kazakhstan). Among the weaknesses, we have identified: underdevelop-
ment of innovative production and market infrastructure; technical barriers preventing
the formation of flour consignment; low level of technical equipment of mills; lack
of stable export channels; difficulty in obtaining timely and reliable information. The
opportunities include access to new markets (Afghanistan, Iraq); increasing exports vol-
ume of environmentally friendly products from grain using organic farming technology;
the increase in population in the countries of East and Southeast Asia, the Middle East,
Latin America. The planned duties on wheat (export - up to 50 euros per ton, prohibitive
- 50% of the customs value, but not less than 100 euros per ton) will help to stabilize
flour prices and regulate wheat exports. And it may be possible to redistribute the struc-
ture between grain and flour. in favor to the last one. As a result of the tariff measures
introduction, Russia will be able to bypass Turkey as an intermediary for wheat pro-
cessing, and the Stavropol Territory will begin to supply wheat flour directly to Syria,
Libya, Iran, as well as other countries in Asia and Africa. A good export opportunity
for the Stavropol Territory is the capacious Egyptian market, to which Turkey currently
supplies up to 3575 tons of flour from processed Russian grain. Threats can be: unfa-
vorable world conjuncture; low agro-climatic potential, which has a negative impact on
the exports development; shortage of wagons and high cost of wagon rent; formation
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of export monopolies; high transaction costs and transport tariffs; lack of transportation
conditions unification for export.

The Stavropol Territory has a large production capacity (up to 1 million tons per
year) for grain crops proceeding. That is, with a load of 300 thousand tons in 2020,
the region has a reserve for wheat processing. In addition, the Government introduces
mechanisms for permanent regulation of grain exports, which consists of the introduction
of a “floating” duty on the export of raw materials abroad with the subsequent return of
these funds as investments in agriculture. The introduced export duty will be determined
depending on current export prices, but the final amount of the duty will be determined
by the Ministry of Agriculture based on the contract on the stock exchange. Comparing
the prices of flour and grain, it should be noted that in the future, the increase in the
world market of Russian wheat flour is a way not only to ensure foreign exchange inflow
to the industry, but also an incentive to further yields increase due to intensive and
innovative factors. In modern conditions, the key to expanding exports is the foreign
economic cooperation, so the promotion of wheat or rye flour should be accompanied
by administrative and marketing support from the state. An example of such support is
shown by countries that occupy a leading position in the flour export.

In Turkey, foreign trade operations with grain and processed products are carried
out by companies authorized by the Turkish Grain Committee. This is a state structure,
with very extensive power: from purchase prices regulation to compensation payments
setting for exporters.

In Kazakhstan, the state also actively promotes the flour exports development, con-
cludes interstate agreements and develops state support measures. In particular, a num-
ber of laws have been adopted (affordable loans, crop insurance, subsidies for plant
protection) aimed at increasing grain production.

On the part of the Russian state authorities, support for grain processing enterprises
can be carried out in the following areas:

– an assistance, including financial instruments, for participation in foreign exhibition
and congress events; promotion of products through trade missions in the Russian
Federation in foreign countries, the office of agriculture attache;

– discussing issues of product access to foreignmarkets in the course of bilateral negotia-
tions; taking into account the interests of domestic producers in negotiationswithin the
framework of free trade agreements between the members of the Eurasian Economic
Union and third countries.

– involvement of interested companies in order to promote products to participate in
intergovernmental commissions and working groups in trade cooperation.

The implementation of thesemeasureswill facilitate the access ofRussian processing
enterprises to export activities, simplify customs and administrative procedures and
significantly increase the growth rate of flour exports. Also new agricultural producers
will participate in export deliveries, and that will help to improve the financial results,
to ensure profitable part of local budgets, to the growth of social spending and to the
sustainable development of rural areas.
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4 Discussion and Conclusion

The obtained studies show that in order to realize export opportunities, the country
with its regions, on the one hand, must have huge reserves of wheat and production
capacities for processing raw materials into flour. And, on the other hand, agricultural
producers are trying to find away out in pricing, competing with the worldmarket prices,
resisting the established quotas for the flour import of and other obstacles of the trade
relations development. In conclusion of the study, it should be noted that in the future,
the existing partnerships of the Stavropol Territory with foreign countries will not only
remain, but there is a possibility to increase supplies to Egypt, Georgia, Abkhazia, Iraq
and Afghanistan, Syria, Angola. China is considered to be a promising market with
growing consumption of flour made in Russia. The region is characterized by positive
factors (economic and geographical position, the availability of a raw material base,
etc.) and problems (backwardness of innovative production and market infrastructure;
technical barriers; low level of technical equipment of mills; difficulty in obtaining
timely and reliable information). Nevertheless, the obtained results indicate the presence
of the export potential of the Stavropol Territory, which will contribute to improve the
population welfare and the sustainable development of rural areas.

Thus, by implementing the Strategy for the Sustainable Development of Rural Terri-
tories and the Federal Project “Export of Agro-Industrial Complex Products” the region,
in our opinion, can ensure the development of rural settlements due to the effect of
the grain processing products export. Therefore, the export of flour should become a
strategically important direction and, as a result, an increase in the production of grain
processing products, the purchase of newvarieties of grain crops, an increase in payments
to budgets of all levels, an increase in wages in rural areas.

The research materials can be required in case of substantiating the strategy of flour
milling development as part of the sustainable development of rural areas. This study
can be useful for agricultural producers in production programs developing which are
aimed at expanding sales and strengthening export potential.
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Abstract. The uneven spatial development, features and problems of urbaniza-
tion are important topics of modern research in the field of sustainable develop-
ment of territories. The authors of the article carried out an empirical verification
of the hypothesis, which suggests that within the same administrative region, the
agglomeration territory is characterized by better dynamics of the economic space
compared to the peripheral territory. The objects of study were the third largest
in Russia Samara-Togliatti agglomeration with a polycentric spatial structure and
the territory outside the agglomeration (far periphery) of the Samara region. The
author’s method of comparative analysis included, among others, the stage of
selecting groups of indicators that characterize the economic space of the com-
pared territories and, at the same time, are provided with official Russian statistics.
The results of the study were quite unexpected: they showed that for the agglom-
eration, the dynamics in the group of indicators “saturation of the economic space
with the activities of economic agents” is worse compared to the periphery. The
reasons for this, according to the authors, could be the “deagglomeration” effect,
as well as the phenomenon of “immunity of peripheral territories”, which prevents
the decrease in their viability and resilience.

Keywords: Spatial development · Region · Polycentric agglomeration ·
Non-agglomeration territory · Periphery · Comparative analysis · Russia

1 Introduction

Russian regions are undergoing significant transformations in spatial development. In
the studies of the economic space of the region, there are the following major theoretical
developments: the theory of central places, the theory of development poles and growth
centers, the concept of a supporting framework, a sub-regional approach [1].

Differences in scientific approaches to the study of economic space cause the pres-
ence of several points of view on its most important characteristics – properties and
structure. Among the fundamental features of the Russian economic space, Minakir &
Demyanenko [2] highlights the fragmentation of the economic space and polarized cen-
tralization, emphasizing the special role of urban agglomerations in the formation and
organization of economic areas closing on them.Agglomerations condense the economic
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space, create spatial clusters of economic activity, transmit innovations, resources and
institutions to the space surrounding megacities.

Agglomeration centripetal trends are determined by enormous opportunities for
entrepreneurs, the population, and authorities. These opportunities arise due to the
agglomeration effect [3, 4]. This fact has been confirmed by a vast empirical mate-
rial: for different countries, estimates of an increase in the labor productivity as a result
of the doubling of the city, according to Kolomak [5], range from 3 to 16%.

In studies on spatial structure, as a rule, two main types (models) are distinguished:
(a) a center-peripheral (concentric) type based on a clear separation of the dominant
economic center and the peripheral zone as it moves away from it; (b) a polycentric
type, where there are several centers, usually urban ones, between which a system of
relations is formed. As for the center-peripheral type, we point out that the center, as a
rule, is a large city, the nearest area of influence of which becomes an agglomeration.
As for the peripheral territory, Russian researchers have recently been paying increased
attention to their studies focusing on the complex problems of the Russian periphery.
From the standpoint of the economic and geographical approach, Tsarev gives two
definitions of it that are different in their meaning: 1) the territory defining the outer
edge of the influence area of the center and adjacent to it from the inside (periphery -
the edge of the center); 2) the totality of external territories located outside the influence
area of the center, adjacent to it from the outside (periphery - anti-center) [6]. Kazakov,
in his works devoted to the methodology of the system-diagnostic approach to the study
on issues peripheral territories, systematizes and reveals their key properties and, on the
basis of remoteness from the center, distinguishes the far, middle and near periphery [7].

Turning to the second (polycentric type) of spatial structure, we point out the exis-
tence of several approaches to the definition of the concept of “polycentricity”, for
instance, from the point of view of the morphological structure of the region or from
the position of the functional approach. In European studies and practice of regional
policy, the widely used concept of polycentrism in modern conditions receives a new
interpretation and new accents [8]. The results obtained by Wessel, Ouwehand, van
Oort & Cortinovis indicate a greater role of urbanization compared to polycentricity
and dispersion than it was previously assumed, which allows us to consider it as a less
confident support and panacea for reducing regional economic inequality [9].

Based on the above, it can be stated that in the study on the economic space of a region
(subject of theRussian Federation)within the administrative boundaries, it is advisable to
take into account the followingmain characteristics of its structure and properties: (1) the
presence of two types of territories - agglomeration and non-agglomeration territories;
(2) positioning of the agglomeration area as the center, hence the non-agglomeration area
as the outer (far) periphery; (3) the complex spatial structure of the territory of each type
in the coordinates “monocentricity-polycentricity” and “concentration (localization)-
dispersion” which implies several combinations of two spatial dimensions.

The relevance of the research field is determined by the focus on agglomerations as
growth poles in the Spatial Development Strategy of Russia [10]. Of particular interest in
this case is the choice of an agglomeration area with a polycentric structure as a research
object.
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2 Materials and Methods

The authors’ hypothesis is: do agglomeration territories with a polycentric structure have
better characteristics of the dynamics of economic space compared to non-agglomeration
(peripheral) territories not taking into account the characteristics of their structure?

The purpose of the study is to verify this hypothesis on the basis of empirical results
obtained using the authors’ methodology of the comparative analysis of the develop-
ment of agglomeration of regional and non-agglomeration (peripheral) territories in the
economic space of the region (subject of the Russian Federation). Research objectives
are: (1) selection and characterization of objects of comparative analysis - agglomera-
tion and non-agglomeration territories within the administrative boundaries of a specific
Russian region (subject of the Russian Federation); (2) development of the authors’
methodology for the comparative analysis of the development of agglomeration and
non-agglomeration territories in the economic space of the region; (3) implementation
of the authors’ methodology and discussion of the results obtained in relation to the
proposed hypothesis.

Two types of territorieswere selected as objects of the comparative analysis - agglom-
eration and non-agglomeration territories of a specific subject of the Russian Federation -
the Samara region. The agglomeration area – the Samara-Togliatti agglomeration (STA)
is the third largest urban agglomeration in Russia (after Moscow and St. Petersburg).
The most important feature of the STA is polycentricity, this property is unique for the
agglomerations of Russia; the formed cores of the agglomeration are two cities (Samara
and Togliatti), the core at the stage of formation is the town of Syzran. The composi-
tion and structure of the STA are not officially approved in the regulations, so we will
adhere to the composition of the STA according to the Strategy of Socio-Economic
Development of the Samara region for the period up to 2030 in relation to the grid of
the administrative-territorial division of this subject of the Russian Federation [11].

At the moment, the STA includes the following municipalities: 1 urban district with
an inner-city division (Samara), 9 inner-city districts, 7 urban districts (Togliatti, Syzran,
Novokuibyshevsk, Chapaevsk, Zhigulevsk, Oktyabrsk, Kinel), 9 municipal districts, 9
urban settlements, 112 rural settlements. The total population of the STA on 01.01.2020
is estimated at 2744306 people. The non-agglomeration area consists of two urban
districts (Pokhvistnevo and Otradny) and 18 rural municipal districts respectively. The
non-agglomeration area can be positioned as the far periphery.

The authors’ methodology of the comparative analysis involves several stages:

1. Selection of indicators used to characterize the spatial development of the compared
territories (Table 1).
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Table 1. Indicators used to characterize the spatial development of the compared territories

Composition of indicators by groups

Saturation of the
economic space with
activities of economic
agents

Development of the
economic space

Connectivity of
economic space

Conditions of social
development of
territories

• goods of own
production shipped,
works and services
performed by their
own forces per
capita (without
small business
entities);

• investments in fixed
assets per capita

• population density;
• migration balance
per 1000 population

• length of roads per
1 km2 of territory

• the average monthly
nominal accrued
salary of employees
of organizations

2. Collection and verification of initial data for each municipality of the Samara region
using information from the official website https://www.gks.ru.

3. Calculation of values of these indicators per capita living on the territory of the
relevant municipality or on 1 km2 of its area.

4. Calculation of the average values of each indicator for the STA and for the non-
agglomeration area.

5. Comparison of the obtained average values for STA and for non-agglomeration
territories in dynamics for the selected study period.

All calculations are performed using the Microsoft Office 2019 Professional Plus
(Excel) application software package.

3 Results

The comparative analysis was implemented for the selected period 2016–2019. The
analysis of the chain growth rate of investment volumes for two types of territories
(Fig. 1) for the period from 2016–2019 demonstrated that initially the growth rate of
investment in the STAwas higher. The gap between the two types of territories was 12%.

However, since 2017, we have seen a sharp jump in the rate of investment growth in
peripheral municipalities (the gap was 209%). Following, in 2018 and 2019, this trend
continues.

https://www.gks.ru
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Fig. 1. Dynamics of the growth rate of investments in fixed assets per capita on average in the
STA and in the non-agglomeration area in 2016–2019, %

In 2016, the subjects of the non-agglomeration territory shipped, on average, their
own goods per capita more than the subjects of the STA by 34%, in 2020 - by 27.4%.

At the same time, from 2016 to 2018, the growth rate of this indicator for the non-
agglomeration area is higher than for the STA (Fig. 2). In 2019–2020, the situation has
changed, the intensity of growth in the volume of goods shipped by subjects of the
non-agglomeration space has slowed down.

1

13

28

-0.5

-20

-1

5

16

5

-7

-30

-20

-10

0

10

20

30

2016 2017 2018 2019 2020

The growth rate in
the non-
agglomera�on area

The growth rate in
the agglomera�on
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The population density in the STA is extremely high. In 2016, it was 6.8 times higher
than the population density of the territory outside the borders of the STA (533 and 78
people per 1 km2, respectively). By 2019, this gap has not changed (531 and 77 people
per 1 km2, respectively).

The dynamics of the migration balance per 1000 inhabitants of the territory in 2016–
2019 shows that the population decreases annually in the non-agglomeration territory,
while the opposite situation develops in the STA (Fig. 3). In 2016, the migration gap
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between the two types of territories was 13 people per 1000 inhabitants, in 2019 – 7
people.

The analysis of the dynamics of the length of roads showed that in 2016 there were
1.86 km of roads per 1 km2 of the STA, while in the non-agglomeration space it was
0.71 km (a gap of 2.6 times). In 2019, the gap slightly decreased to 2.4 times.
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The average monthly nominal salary in 2016 in the STA amounted to 27,247.7
rubles, in the non-agglomeration territory –23,845.0 rubles (a difference of about 15.2%)
(Fig. 4).
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In 2019, this ratio is: agglomeration – 34,405.8 rubles, non-agglomeration space –
30,041.4 rubles (a difference of 14.5%). In 2016–2018, the rate of salary growth in the
non-agglomeration area is higher than in the agglomeration. Since 2019, the intensity
of growth in two types of territories is slowing down, ratio has become the opposite.

4 Discussion and Conclusion

The performed analysis demonstrated that the volume of per capita investments in fixed
assets in non-agglomeration territories is more than in the STA, a similar situation is
observedwith the volume of shipped goods of their own production, it works and services
performed on their own.

The results of the analysis in relation to investmentsmay indicate both the insufficient
realization of the integration potential of the STA, and the advanced development of non-
agglomeration growth points capable of attracting investment flows. As for the average
output, it can be assumed that there is an effect similar to “deglomeration”. It leads to
the fact that the concentrated resources of the agglomeration are used inefficiently [12].

The dynamics of the economic space development indicate that the population is
decreasing on the non-agglomeration territory, the STA remains the main attractor of
the population of the region. The reason for this may be the insufficiently developed
social infrastructure of the peripheral space of the Samara region, which is characterized
by a limited set of services provided to the population and their rather low quality. The
poorly developed transport infrastructure outside the agglomeration space increases the
transaction costs of local producers and continues to slow down the development of the
periphery. Low salaries in the non-agglomeration territory, compared with the average
for the STA, do not create conditions for the formation of a high-quality human capital,
and not only due to external factors that manifest themselves in dissatisfaction with the
size of salaries, but also due to internal factors expressed in dissatisfaction with work and
life. Thus, the proposed hypothesis of the study has not found unambiguous confirmation.
The polycentric STA has the best characteristics of the dynamics of the economic space
in comparison with the non-agglomeration territory (periphery) of the Samara region
by the most important group of indicators. The most important argument in explaining
the obtained and at first glance unexpected results may also be the phenomenon of
peripheral immunity, deeply studied and fixed byM.Y. Kazakov in the spatial-economic
category “immunity of peripheral territories” within the framework of his concept of
spatial adaptalogy. This concept explains the mechanisms of territory adaptability to
preserve territorial homeostasis, prevent the disappearance of localities, reduce their
viability and resilience [13].

In this regard, it would be interesting to continue the study by taking into account
new factors of transformation of urban spatial structures in the conditions of COVID-19
(see, for example, Stuart S. Rosenthal, William C. Strange, Joaquin A. Urrego) [14].

We believe that the obtained results and conclusions will help to form not only
a new vision of the prospects for the development of the studied objects - the STA
and the peripheral territory of the Samara region, but also a “new look” of both
researchers and practical managers at the sustainable development of agglomerations
and non-agglomeration spaces in other Russian regions.
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Abstract. Balanced and progressive regional development is characterized by
multi factors and the readiness of the society to resist internal and external chal-
lenges. Among the significant factors stabilizing the social situation is the institu-
tional potential of culture as a branch of the social sphere. In studying the opinions
of the region’s inhabitants, the goal of the research was achieved. It is the defi-
nition of the institutional potential of culture, which acts as a tool to ensure the
sustainability of the regional society. Furthermore, the sociological analysis of the
population’s involvement in cultural and leisure practices and satisfaction with
the institutional conditions of functioning of sectoral organizations in the socio-
economic system of the region was carried out. The high level of satisfaction of
the population with cultural and leisure practices and readiness to spend their own
free time in the institutional environment of culture is considered by the organizers
of the study as full use of the potential and implementation of the established func-
tions of cultural and leisure organizations in the region. For the regional society,
the scale of involvement of the population in positive cultural practices provides
its resistance to negative influences.

Keywords: Culture · Institutional potential of culture · Sustainability · Regional
society

1 Introduction

The lack of attention and the residual principle of funding for a long time actualize the
research interest in the current role of culture in providing a balanced socio-economic
development of the region, meeting the cultural needs and demands of the population,
increasing the attractiveness of the territory for living. The search for social stability in
the regional context using providing cultural and leisure activities of different population
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groups is an actual field of research, which is confirmed by a brief review of publications
in the designated subject area.

The institutional environment of a particular region has a significant impact on the
industry’s sustainable development. The author of the article, Negus K., shows the per-
spectives of the cultural economy from the point of view of influence on the personality
and formation of favourable institutional conditions [1]. The institutional potential of
culture is strengthened at the expense of economic mechanisms and provides a sustain-
able implementation of the regional cultural policy. That, in general, does not contradict
our research strategy and confirms the relevance of the study of the designated subject
area.

Diversity of cultural and leisure practices enriches the content side of family life and
contributes to strengthening interpersonal relationships through collective cultural expe-
riences. The authors of Ateca-Amestoy V., Ugidos A. conclude based on a large sample
of married couples [2]. Family stability has a positive impact on essential characteristics
of the territorial society through the involvement of more residents in positive cultural
and leisure practices, the formation and reproduction of consumer culture, an increase
in resource flows of the cultural sector. In general, these positions are also relevant for
studying the institutional potential of culture as a tool to ensure the sustainability of the
regional society.

The preservation of the cultural and historical heritage of the region is an important
task facing the cultural sector. It provides continuity of the society’s spiritual, moral, and
cultural development, enriching its potential for resilience to the challenges of time. The
authors of the article Saryglar C.V., Ertine I.A., Liundup T.M. use the example of orga-
nizing thework of theNational Library of theRepublic of Tuva named after A.S. Pushkin
to show the introduction of digital platforms of cultural services and the development
of the institutional environment for the successful functioning of the cultural sector [3].
Such social projects, which are aimed at supporting the creative development of people
of different ages and social groups, contribute to the sustainability of the regional society
[10].

According to the authorsKuatovaZ.Z., BuletovaL.A.,MakhmutovaK.I.,Nuridinova
G.A., Suleimenova A.A., the analysis of young generations’ needs, expectations, and
preferences in the cultural sphere allows forming a holistic view of the development
of stereotypes of leisure behaviour [4]. For our study, the critical conclusion is that the
emphasis in the publication is made on the continuity in the leisure practices of young
people and supports the idea of stability of the value-normative system of society. The
negative effect of the destruction of rigid traditional forms of social control and high
uncertainty of new moral boundaries is reduced. The institutional impact of education
and culture helps to solve the emerging negative deformations of the spiritual potential
of society.

The development of cultural intelligence as an opportunity for social learning is
considered by the author of the article Pauluzzo R. [5]. Modern technological solutions
are necessary to understand the vectors of development of the institutional potential
of culture. On the one hand, these technologies ensure the relevance of services for
consumers. However, on the other hand, they maintain the institutional boundaries of the
industry and its targeting. The development of a new direction is carried out for the entire
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satisfaction of the cultural and aesthetic demands and contributes to the development
of the social and creative activity of the population. This direction becomes a positive
contribution to the preservation of sustainability of the regional society [6–9].

Thus, the brief review of the literature indicates the relevance of the study of the
institutional potential of culture as a tool to ensure the sustainability of regional society
and the diversity of approaches to its implementation [11–14].

2 Materials and Methods

The empirical part of the study was organized in the Stavropol Region (Russia) in
October–November 2021 using the Google Forms method. Quota territorial sampling
was carried out in 9 territories of Stavropol Region: cities - Stavropol, Mikhailovsk,
Kislovodsk; districts - Apanasenkovsky, Georgievsky, Novoalexandrovsky, Petrovsky,
Sovetsky, Shpakovsky.

A total of 1,020 people permanently residing in the Stavropol Region and over
18 years of age participated in the survey. The sampling corresponds to the sex and
age structure of the population of Stavropol Region. In studying the opinions of the
region’s residents, the goal of the research was to determine the institutional potential
of culture, which acts as a tool to ensure the sustainability of the regional society. The
goal was achieved by analyzing the involvement of the population in cultural and leisure
practices and satisfaction with the institutional conditions of the functioning of sectoral
organizations in the socio-economic system of the region. The high level of satisfaction
of the population with cultural and leisure practices and readiness to spend their own
free time in the institutional environment of culture is considered by the organizers of
the study as full use of the potential and implementation of the established functions
of cultural and leisure organizations in the region. Moreover, for the regional society,
the scale of involvement of the population in the positive cultural practices provides
its resistance to negative influences. SPSS Statistics package (version 21) was used for
processing the database. Statistical distributions provided the segmentation of the survey
results by types of settlements, gender and age of the respondents.

3 Results and Discussion

The survey results of Stavropol Region residents show a high level of satisfaction with
services in the field of cultural and leisure activities: delighted 48.0%, largely satisfied
37.3%. Only 3.9% of respondents said they were dissatisfied with their visits to cultural
institutions, and 10.8% found it difficult to give a definite answer.

Significant improvements in the work of cultural institutions recently were confi-
dently reported by 21.4% of the survey participants, some improvements were reported
by 45.9%of the survey participants, according to 30.6%, the quality ofwork remained the
same, and only 2.1% indicated deterioration of work. Therefore, in general, we can talk
about the positive changes in the activities of the cultural institutions of StavropolRegion,
aimed at improving the quality of services by the current demands of the population.

Half (50%) of the survey participants believe that cultural institutions have sig-
nificantly restructured their work during the pandemic, 7.8% noted that the work has
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remained at the same level, and 42.2% were unable to give a definite answer to this
question.

The majority of survey participants expressed an opinion about the successful devel-
opment of digital services of service provision in cultural institutions (29.4% said that
digital services are actively developing and 44.7% said about some development); only
3.5% said that there is no development of digital services in cultural institutions; 22.4%
were unable to give a definite answer.

In the course of the survey, the residents of Stavropol Region assessed their
satisfaction with the conditions of the provision of cultural services.

On average, the conditions of the provision of cultural services in the cultural
institutions of Stavropol Region received a score of 3.8 on a five-point scale.

To a large extent, respondents were satisfied with the competence and level of pro-
fessionalism of professionals (3.9 points), politeness, tactfulness and friendliness of the
institution staff (3.9 points), the culture of service in the institution (3.9 points), the
presence of information signs and signs on the doors of the premises (3.9 points), staff
appearance (3.9 points), cleanliness of the premises (3.9 points), checkroom service (3.9
points).

There remains some dissatisfaction with the range of services and informing the
population about their provision. Also, areas for improvement in the work of cultural
institutions should be the design of premises, convenience of waiting areas for visitors
and the cost of services provided.

Table 1 presents the comparative data on the satisfaction of different population
categories with the quality of the cultural services provided in the Stavropol Region.

Comparative data of satisfaction with the quality of cultural services in the Stavropol
Region by different categories of the population shows that the highest overall satisfac-
tion is observed in such groups as urban residents (3.85 points), men (3.95 points) and
in the age group under 30 years (3.93 points).

Among the analyzed categories of the population, themost significant dissatisfaction
with the quality of cultural services is observed in the age group over 50 years old, which
indicates, on the one hand, about insufficient attention to the needs of this age group, on
the other hand, about the high level of expectations of this group.

Areas for improvement of the work of cultural institutions and local authorities,
responsible for culture and leisure of the population, can be associatedwith such demands
of the population as an increase in the number of places to have fun (25.5%) and get
together for communication (16.7%); aswell aswith the quality of organization of leisure
activities and work on involving people in cultural leisure (9.8%).

In the survey, the residents of Stavropol Region collected suggestions about how
they wanted to improve their cultural level.

The participants of the survey associate the improvement of their cultural level pri-
marilywith self-education (58.2%); withmore frequent visits to concerts, plays (56.0%);
reading (40.7%); more frequent visits to exhibitions museums (37.4%); learning for-
eign languages (34.1%); learning to play musical instruments, musical literacy (26.4%);
learning the history and culture of their people (24.2%).

According to the survey participants, the most promising and valuable are such
amateur initiatives in the field of cultural leisure as the development of sports and health
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Table 1. Comparative data on the satisfaction of different categories of the population with the
quality of cultural services in the Stavropol Region, in points on a 5-point scale

Response options Type of
settlement

Gender Age Total

Urban Rural Male Female Up to 30 31–50 Over 50

1. Information on the
services provided by the
institution (availability of a
stand, reference
information, consultant,
booklets and other
promotional materials)

3,6 3,4 3,8 3,6 3,7 3,8 3,2 3,6

2. Decorations of the
premises

3,8 3,5 4,1 3,6 3,8 3,4 3,3 3,7

3. Cleanliness of the
premises of the institution

3,9 3,7 4,0 3,8 4,0 3,6 3,4 3,9

4. Appearance of staff 3,9 3,9 4,0 3,9 4,1 3,6 3,3 3,9

5. Politeness, tactfulness
and friendliness of the staff

3,9 3,9 4,0 3,8 4,0 3,7 3,4 3,9

6. The competence and
level of professionalism of
specialists

3,9 3,8 4,0 3,9 4,0 3,6 3,5 3,9

7. Availability of
information signs and
signs on doors of premises

3,9 3,9 4,1 3,8 4,0 3,3 3,5 3,9

8. Checkroom service 3,9 3,8 4,0 3,8 3,9 3,4 3,5 3,9

9. Convenience of waiting
areas for visitors

3,8 3,5 3,7 3,7 3,9 3,2 3,4 3,7

10. Technical equipment of
the cultural institution

3,9 3,4 4,0 3,7 3,9 3,6 3,4 3,8

11. The cost of services
provided

3,8 3,7 3,7 3,8 3,9 3,3 3,5 3,7

12. The Range of services 3,7 3,4 3,9 3,6 3,8 3,4 3,4 3,6

13. The service culture in
the institution

4,0 3,7 4,1 3,9 4,1 3,8 3,5 3,9

Average score by groups of
survey participants

3,85 3,66 3,95 3,76 3,93 3,52 3,41 3,80

clubs (31.5%), art and creative associations, studios (25.8%), environmental movement
(19.1%), associations and clubs of technical creativity (7.9%) and others.

The solution of many issues of development of cultural and leisure sphere is con-
nected with financing of the branch. According to the survey participants, the state,



The Institutional Potential of Culture as a Tool 145

enterprises, organizations, sponsors, and arts patrons should finance cultural expendi-
tures. To the population as much as possible cultural services should remain free of
charge (an option “free of charge” was noted by 26,1% of the poll participants, and an
option “to a greater extent free of charge” was noted by 40,2% of the poll participants)
or equally paid and free of charge (as noted by 27,2% of the poll participants).

Survey participants were unanimous in their choice of communication channels for
receiving information about cultural and leisure services offerings: 83.5% would like to
receive such information through social networks; 74.4% through Internet advertising;
and 28.9% through advertising stands in populated areas. Such channels of information
about events in the sphere of culture and leisure such as local TV, radio, newspapers are
in demand by a small population (from 2% to 10%).

The importance of the research search is confirmed in the results of published scien-
tificworks. Thus, according toKanellopoulouC., in the period of crises,more importance
should be given to public space, providing requests in the field of culture, such as cre-
ative self-expression of artists [16]. Cultural practices of artists, which are carried out in
the open public urban space, show the possibilities of creative self-realization for many
other categories of the population.

The authors of Lebedeva L.G., Orlova L.V. also talk about the importance of insti-
tutional support of culture in the context of public space. [17]. The authors empha-
size creating a conflict-free environment for intergenerational socio-cultural relations
and exchanges of subcultures, taking into account the needs of different categories of
residents.

The population in certain institutional conditions becomes a creator of new types of
leisure. The author of the article by Chakars M. shows how cultural institutions involve
the population in cultural and leisure practices and help the creative self-realization of an
individual. For example, for young people, the risks of involvement in deviant behaviour
are reduced, which improves the quality of life, health, economic activity, demographics
and thus contributes to the stability of the regional society.

4 Conclusion

Different approaches in determining the institutional potential of culture as a factor of
the regional society’s sustainability have shown the high relevance of the topic and the
importance [19–22], which were confirmed in the empirical part of the study.

The survey results of Stavropol Region’s residents indicate a high level of satisfaction
with services in the field of cultural and leisure activities. Significant improvements in
the work of cultural institutions have recently been confidently reported by 21.4% of
survey participants, some improvements were reported by 45.9% of survey participants,
according to 30.6%, the quality of work has remained at the same level, and only 2.1%
pointed out the deterioration of work. In general, we can talk about the positive changes
in the activities of the cultural institutions of Stavropol Region, aimed at improving the
quality of services by the current demands of the population.

Half (50%) of the survey participants believe that cultural institutions have sig-
nificantly restructured their work during the pandemic, 7.8% noted that the work has
remained at the same level, and 42.2% were unable to give a definite answer to this
question.
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The majority of survey participants expressed an opinion about the successful devel-
opment of digital services of service provision in cultural institutions (29.4% said that
digital services are actively developing and 44.7% said about some development); only
3.5% said that there is no development of digital services in cultural institutions; 22.4%
were unable to give a definite answer.

On average, the conditions for the provision of cultural services in the cultural insti-
tutions of Stavropol Region received a score of 3.8 on a five-point scale. However, there
remains some dissatisfaction with the range of services and informing the population
about their provision. Also, areas for improvement in the work of cultural institutions
should be the design of the premises, the convenience of waiting areas for visitors, and
the cost of the services provided.

The residents of the Stavropol region wanted to improve their cultural level through
self-education (58.2%); more frequent visits to concerts plays (56.0%); reading (40.7%);
more frequent visits to exhibitions museums (37.4%); learning foreign languages
(34.1%); learning to play musical instruments, musical literacy (26.4%); learning the
history and culture of their people (24.2%).

The wishes of the inhabitants of Stavropol Region for improvement of the work of
cultural institutions are reduction of prices for cultural events (38,2%); improvement
of advertising of events (37,3%); creation of digital leisure resources (30,4%); alloca-
tion of spaces for communication, co-working centres (30,4%); improvement of cinema
repertoire (30,4%); development of amateur clubs (27,5%); development of new com-
petencies of specialists of cultural institutions (26,5%); development of family forms of
leisure (23,5%).

It is possible to speak confidently about the high institutional potential of culture and
its positive influence on the stability of the regional society.
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Abstract. The sustainable development of sectors of the national economy in
modern realities is a vector for ongoing economic and social changes, which are
unchanged in the context of globalization and consistent market transformations.
Therefore, the issues of studying the mechanisms for ensuring the sustainable
development of a particular industry and the entire socio-economic sphere are rel-
evant and necessary. This article discusses the problems of modern understanding
and evaluation of the effectiveness of the functioning of the infrastructure of the
Russian agro-industrial complex as a significant indicator of the sustainable devel-
opment of agricultural production. To do this, we used an extensive methodolog-
ical base based on the use of abstract-logical, monographic, economic-statistical,
computational-constructive methods, factor analysis and the method of canonical
correlations. On the example of the municipal districts of the Stavropol Territory,
a methodology for assessing the relationship between the state of development of
the non-productive sphere of the agro-industrial complex (its infrastructure), pro-
duction potential and the efficiency of production activities is formulated. Based
on the results of the assessment, we proposed a grouping of the municipal districts
of the study region according to the level of interconnection between the produc-
tion potential of the agro-industrial complex and its non-productive sphere. The
proposed methodology makes it possible to determine the factors that constrain
the intensive functioning of the production and social infrastructure, on the basis
of which it is possible to develop directions for improving and balancing the pro-
duction and non-production spheres of the agricultural industry. The conducted
study made it possible to draw attention to the importance of not only a quan-
titative assessment of social and industrial infrastructure, but the importance of
assessing the relationship between the state of development of the non-productive
sphere of the agro-industrial complex (its infrastructure), production potential and
the efficiency of production activities in order to develop further tools to improve
the efficiency of the industry.
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1 Introduction

In the modern sense, the sustainable development of the agro-industrial complex is
oriented, first of all, to the achievement of strategic goals of an economic and social
nature. An essential condition here is the use of resource- and energy-saving technolo-
gies, the emphasis is on the greening of the production process and the rational use of
biological factors in agriculture. In our opinion, ensuring the conditions for sustainable
development of the agro-industrial complex should be based not only on the production
and resource potential of the industry, but also on the level of development and qual-
ity of interaction between the industrial sector of the agro-industrial complex and its
non-productive component (infrastructure).

In modern economic literature, there is no single approach to the interpretation
of the term “infrastructure”, while if we analyze all existing approaches, they can be
conditionally divided into two groups:

– as a system of general purpose and use industries, functioning to provide conditions
for the development of “private capitalist” enterprises [2, 8];

– as a complex of engineering and technical facilities that ensure the continuous dynam-
ics of energy, transport and information cargo, passenger, energy and information
networks and flows, without which the successful functioning of modern economic
enterprises is impossible [1, 3].

Consequently, the term “infrastructure”, due to its theoretical uncertainty and
extended understanding, has generated many theoretical interpretations. Based on the
generalization of the considered interpretations [4, 9], as well as in the context of this
work, we will understand the infrastructure as a set of systemic connections of industries
and areas of economic activity aimed at creating a continuous and efficient functioning
of production processes.

The modern practice of agricultural production is inseparably based on the devel-
opment of its social and industrial infrastructure. In a simplified practical sense, the
infrastructure of the agro-industrial complex (agro-industrial complex) is a set of indus-
tries, sub-sectors that ensure the continuous, efficient implementation of the production
process.

Intra-sectoral transformations of the agro-industrial complex are focused on the
social market system of an organic type, while all key areas and industries interact on
the basis of self-regulating ties. At the same time, intracomplex regulation is carried out
on the basis of direct links between producers and end consumers [1, 2, 4, 8, 11].

It is important to keep in mind that agricultural production, as such, carries the
properties of an infrastructural sector of the national economy, since its final result is
only a stage of resource provision for the processing and food industries. That is why
certain functions of the agro-industrial complex of a technological nature have separated
and function in close connection with the service, industrial and commercial sectors, we
ultimately take this functional relationship as infrastructure [2, 4, 6].

Based on the analysis of existing theoretical approaches to the study of the essence
of the term “infrastructure”, we single out the main developments and functioning of the
modern infrastructure of the agro-industrial complex:
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– production isolation;
– complementarity, that is, the admissibility of alternative and additional combinatorial
options for the structure and configuration of infrastructure elements, taking into
account production features;

– variety of forms [1, 7, 9].

It is possible to distinguish the infrastructure sectors of the agro-industrial complex
from the main production by a number of key features, which, in our opinion, include
the fact that it is of an integral nature, since it includes and accumulates heterogeneous
activities in its system, and secondly, the functioning of the infrastructure takes place due
to the horizontally directed functional division of labor. The third sign is the absence of a
direct connectionwith the factors of cyclicity and seasonality of production characteristic
of agriculture.

Considering the variety of modern interpretations of the term “infrastructure”, we
note the limited focus of the problem and the depth of the study of this concept. In
the context of agricultural production, a significant proportion of research is devoted to
the functioning of the production structure in the agro-industrial complex. At the same
time, as A.N. Kokin, despite the key importance of the production infrastructure, “… it
is necessary to note an extremely small number of studies of the infrastructure sectors
of specific industries” [5]. We agree with this point of view, since it is obvious that the
management mechanisms and principles of functioning of infrastructure elements are
differentiated not only at the level of groups (for example, innovation, financial), but
also within general groups (water supply, logistics). That is why we directed this study
to expand the depth of the concept of infrastructure and ways to assess the effectiveness
of its functioning in the framework of agricultural production [10].

2 Materials and Methods

Given the lack of a unified theoretical approach to the definition of the term «infras-
tructure», one of the key research methods for us was the monographic method, which
allowed us to study the variety of interpretations of the term «infrastructure», the features
of its theoretical research in the industry context. This allowed us to update the need to
develop a methodology for assessing the effectiveness of the functioning of the agrarian
infrastructure. For this, various research methods were also used, one of which was the
abstract-logical method based on the determination of the object under study and the
consideration of its problems in a «pure form».

Given the close relationship between the production and non-production spheres
of the agro-industrial complex, in order to determine the properties and extent of the
influence of non-productive industries on the actual producing sphere, we have moved
away from the abstract-logical method.

To compare the level of development of the non-productive sphere of the agro-
industrial complex with the level of its production potential and the degree of its effec-
tiveness. To do this,we used themethod of factor analysis. Themain difficultywithwhich
the solution of these problems is associated is the difficulty of quantifying the relation-
ship between the state of development of the non-productive sphere of the agro-industrial
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complex, production potential and the efficiency of production and sales activities. For
such an assessment, one has to operate with a large number of heterogeneous primary
indicators, which are practically impossible to present in a visible and suitable form for
unambiguous conclusions using traditional methods - statistical groupings, index esti-
mates, and others. In this regard, we «compress» the initial information and instead of a
set of indicators that are not comparable in terms of units of measurement, we introduce
into the analysis a limited number of aggregated factorial values that replace them. To
do this, we use the method of factor analysis. The essence of this method lies in the fact
that on the basis of correlation and regression analysis for an internally related set of
primary indicators |m|, a generalized factor sign is established, which is a vector value
of this set and reflects in a quantitative form not individual particular characteristics, but
itself this symptom in its entirety.

To study the influence of a set of interrelated quantitative indicators affecting the same
set of resulting indicators, we used the method of canonical correlations. The essence of
this method in general terms is reduced to a set of procedures and traditional methods
of correlation and regression analysis, which allow to study the influence of a set of
interrelated quantitative characteristics (independent variables) that simultaneously and
jointly affect not one, but the system of resulting indicators (dependent variables). The
research problem is reduced to the search for a mathematical interpretation of such linear
sets of values of independent X = (x1, x2…xi) and dependent ones Y = f(y1, y2…yj)
and convey basic information about the structure and dependencies of the objects under
study.

Thus, based on the analysis of theoretical materials, we formulated the problem
of the lack of a unified methodological and methodological approach to assessing the
effectiveness of the functioning of the agro-industrial complex infrastructure.

In this regard, we proposed for use the methodology developed by us for a multifac-
torial assessment of the level of development of the non-productive sphere of the agro-
industrial complex (its infrastructure) based on the method of factor analysis, grouping
and highlighting the key factor features.

On the basis of the grouping carried out, a mathematical model for the interpretation
of factor indicators was built, which made it possible to obtain basic information about
the structure and dependence of the objects under study.

Further, using the method of economic and statistical interpretation, we carried out
the corresponding mathematical calculations on the materials of the municipal districts
of the Stavropol Territory using the MS EXCEL software package.

3 Results

We will begin to present the immediate results of this study with the systematization of
the functions and elements of the modern infrastructure of the agro-industrial complex.

For clarity, let’s turn to the data in Fig. 1, where we made an attempt to visually
reflect the composition and structure of the modern infrastructure of the agro-industrial
complex.

As can be seen from the above scheme, the production and social infrastructure of
the agro-industrial complex performmainly a supporting function within the production
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Fig. 1. Composition, structure and functional distribution of infrastructure facilities of the agro-
industrial complex

and marketing processes of the industry. The depth and sustainability of infrastructure
links, along with production and economic indicators, determine the sustainability and
efficiency of the industry at all possible levels of research: from a municipal district to
the level of a single state.

At the same time, we understand that the quantitative assessment of production and
financial and economic indicators in agriculture is carried out on the basis of proven
algorithms. Many methods and approaches have been proposed. Assessment of the level
of development of the social and industrial infrastructure of the industry, at present, is
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reduced to a quantitative and dynamic calculation of the presence or absence of certain
objects and supporting elements. So, for example, it will not be difficult to determine
the number of general education schools, residential buildings, livestock buildings, gra-
naries and other objects of the industrial and social infrastructure of the agro-industrial
complex within a particular subject of study (village, district, region). The problem, in
our opinion, is the lack of assessment methods aimed at correlating the available quanti-
tative indicators with each other and with actual data on the productivity and efficiency
of agricultural production.

Differences both in the level of production efficiency and in the degree of devel-
opment of social infrastructure are reflected in the stability of the labor activity of
agricultural workers and in the economic results of production.

The task is to develop directions for increasing the efficiency of the development
of agriculture in the region by activating the development of the rural non-productive
sphere.

Such a statement of the problem requires specific ways of solving it. In general, the
essence of this approach in the development of this study is as follows: within the frame-
work of the region under study, for each municipal district it is necessary to determine
(“measure”) the level of development of its non-productive sphere in comparison with
the level of production potential and the degree of its effectiveness. The determination
and further comparison of the districts of the region will make it possible to single out
those of them that, according to the combination of the above characteristics, act as refer-
ence ones in relation to the rest. The indicators of these regions, extrapolated taking into
account the prevailing trends in their changes within the established general standards,
are taken as quantitative benchmarks for calculating the prospects for the development
of the non-productive sphere in all other regions. At the same time, for certain groups of
districts, a certain priority can be established for the development of individual elements
of their non-productive sphere.

The calculations performed for the districts of the Stavropol Territory using this
method made it possible to replace 54 initial indicators with seven generalizing factor
values. The initial composition included indicators characterizing the state of agricul-
tural production: its production potential and efficiency of functioning (Group 1), the
demographic and labor potential of the village (Group 2), the level of development of
the production sector of the region (Group 3). Let us consider in more detail each of the
selected groups of indicators.

The first group, in our opinion, includes key production indicators, such as the area
of agricultural land per farm and per worker, the yield of grain and fodder crops, the
average annual milk yield per feed cow, the labor productivity of agricultural workers,
the return on assets of agricultural production and the capital intensity of agricultural
enterprises, the level of profitability of production, gross agricultural output per 100
hectares of agricultural land and per 100 hectares of arable land.

The second group consisted of the following indicators: the proportion of able-bodied
people in the agricultural population, the progressiveness coefficient of the age structure
of rural residents (the ratio of the number of children and adolescents to the number
of persons of retirement age), the coefficients of mechanical and natural growth, the
percentage of coverage of territories by Internet communications, the number of rural
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settlements per household, rural population density. These indicators reflect the level of
development of social and industrial infrastructure within the studied object.

The third group of indicators covers the level of development of household infras-
tructure, this includes indicators of the provision of living space per rural resident, indi-
cators characterizing the size of the satisfied and deferred demand of the rural population,
the average length of roads, the coefficient of accessibility of medical and educational
services.

As a result of the calculations, the system of the above primary indicators was
summarized in the following factor indicators: the provision of the rural population with
living space, trade and public catering enterprises (a1), the scale of development of the
non-productive sphere of agricultural enterprises and its accessibility for residents (a2),
the level of provision of the rural population with institutions health care, preschool
education, the size of unsatisfied pent-up demand of the population (a3), the scale of
concentration of production and the productive land fund of the economy (a4), the
efficiency of agricultural production (a5), the progressiveness of the age structure and
demographic movement of the rural population (a6), the scale of domestic current costs
for research and development by type of work in the agricultural sector (a7).

Such a model can be calculated using the canonical correlation method.
With regard to the regions of the Stavropol Territory, such a calculation was carried

out according to the following scheme.
The previously obtained factor indicators were divided into two groups – depen-

dent and independent. The first group included values characterizing the state of the
non-productive sphere (a1, a2, a3), and the second - the state and productivity of the
production, demographic and innovation potential (a4, a5, a6, a7).

Several variants of various combinations of the first and second groups of factor
indicators were considered, the assessment of which by statistical reliability would allow
selecting the most significant model of the following interrelated linear combinations:

y = 0, 278a1 + 0961a2
X = 6321a5 − 0, 419a6 + 0, 856a7
KKaH = 0, 566

In the process of calculations, they dropped out as insignificant for this set of districts
from the first linear combination (Y) factor a3, from the second (X) factor a4.

Substituting specific values for each region into linear combinations of the canonical
correlation equation, we determine for any of them the values of the first (Y) and second
(X) combinations and calculate the difference between them.

Next, we divide the two series of values of the calculated indicators for X and Y
obtained for all regions into three intervals, in the first of which we attribute all the
maximum, in the second average, in the third - their minimum values. A series of values
of the difference between X and Y is also divided into three intervals. However, in this
case, a slightly different distribution is established: all indicators close to zero belong to
the middle group, which is defined as the most balanced in terms of Y and X. Indicators
exceeding 0 - to the first (or third) group - with an imbalance in favor of Y; less than 0 -
to the third (or first) group - with an imbalance in favor of X.
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Thus, in accordance with specific indicators for each region X, Y and X-Y, it is
possible to determine its place in the hierarchy of levels of development divided into
three parts and the degree of balance between the production potential and the non-
productive sphere. The districts that fell into the first group according to the value of X
and Y and belong to the second group according to the difference between X and Y are
among the reference ones, and the average indicators for this group of development of
the non-productive sector, extrapolated to the future, are taken as quantitative guidelines
for the development of non-productive spheres of the totality of the studied areas. The
analysis of the regions of the Stavropol Territory carried out on this basismade it possible
to distribute them into three enlarged groups. For a more visual acquaintance with their
composition and structure, we turn to the data in Table 1.

Table 1. Grouping of districts of the Stavropol Territory according to the results of a quantitative
assessment of the relationship between the production potential of the agro-industrial complex
and its non-productive sphere.

Group Districts The degree of
balance between
the production
potential and the
non-productive
sphere (X-U)

Source of imbalance Directions for
improvement

First
group

Aleksandrovskiy 3,16 a2,a4 → min - an increase in
the number of
hospital beds by
21.1%;
- increasing the
productivity of
the land fund;
- increase in the
number of
technology parks
up to 20

Apanasenkovsky 3,18

Blagodarnensky 1,24 a7 → min

Izobilnensky 3,65 a4 → min

Ipatovsky 1,11 a1 → min

Kochubeevsky 4,12 a2 → min

Krasnogvardeisky 0,94 a6 → min

(continued)
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Table 1. (continued)

Group Districts The degree of
balance between
the production
potential and the
non-productive
sphere (X-U)

Source of imbalance Directions for
improvement

Mineralovodsky 2,12 a2,a4, a5 → min

Novoaleksandrovsky 4,14 a2,a4 → min

Petrovsky 2,71 a7 → min

Shpakovsky a4,a7 → min

Second
group

Georgievsky 0,41 a2,a4,a5, a7 → min -increase in the
provision of
public catering
places and
institutions by
18.6%;
- increase in the
number of
hospital beds by
19.1%
- increase in the
level of housing
provision by
14.9%

Kirovsky 0,13 a1,a6 → min

Neftekumsky 0,78 a3,a7 → min

Soviet 0,66 a2,a4, a5 → min

Arzgirsky 0,37 a2,a4,a5, a7 → min

Levokumsky 0,85 a2,a3, a6 → min

Levokumsky

Third
group

Andropovsky − 2,41 a2,a4,a5, a7 → min - increase in trade
turnover per
inhabitant by
28%, - extension
of the length of
roads by 12.1%,
- stimulating the
development of
innovative
infrastructure
facilities;
- activation of
intra-industry
cooperation
processes

Grachevsky − 3,31 a1,a3,a6, a7 → min

Turkmen − 1,1 a1,a2,a4, a7 → min

Stepnovsky − 4,2 a2,a4,a5, a7 → min

Kursk − 3,6

As can be seen from the above table, the level of development of the agro-industrial
complex infrastructure among the regions of the Stavropol Territory is not uniform. The
proposed array of data allows not only to interpret the results of the grouping, but also
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to identify the most significant factors that contribute to the formation of an imbalance
in one direction or another.

4 Discussion

Thus, in relation to the Stavropol Territory, it can be concluded that the region has a
high potential for the development of social and industrial infrastructure. At first glance,
the obtained results of the grouping clearly correlate with the available statistical data
reflecting the level of development of agricultural production. But the proposed method-
ology and the presented grouping allow us to form a broader view of the assessment of
the existing problems of the development of the agro-industrial complex of the region.
These problems are not always related to the yield or productivity of livestock. Some-
times problem areas are formed due to near-production factors, such as, for example, a
lack of qualified personnel in a particular rural area. The study of the problems of the
functioning of the industrial and social infrastructure using the proposed method allows
us to evaluate its effectiveness not only from the standpoint of quantitative indicators (for
example, 55 qualified veterinarians work in the district), but from the standpoint of the
correspondence of these values to the real conditions for the functioning of agricultural
production (for example, there are 22 veterinarians per 1000 head of cattle, while the
district needs 34 doctors per 1000 head of cattle) This section includes a discussion of
the results obtained during the study. You need to interpret and compare your findings
with those of other authors or with your previous research findings.

5 Conclusion

The study allowed us to formulate a methodology for assessing the effectiveness of
the functioning of the agro-industrial complex infrastructure in the context of its social
and production components. At the same time, this assessment departs from the usual
quantitative indicators, and is focused more on linking the production indicators of the
industry’s functioning with the objective conditions for the development of the non-
productive sphere of the agro-industrial complex. The grouping of districts (enterprises)
obtained as a result of using this method will allow using the data obtained to adjust and
improve the conditions for the development of agricultural production as a key object
of the agro-industrial complex and, as a result, will contribute to the sustainable growth
of the industry. In this regard, we believe that the study has both scientific significance,
since it is based on the development of a new approach to assessing the effectiveness of
the functioning of the agro-industrial complex infrastructure, and practical significance,
since the proposed research results can be used in assessing the investment potential of a
particular economic entity and when developing targeted programs for the development
of the industry.
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Abstract. Digitalization and automation of the maximum number of processes
is included as a recognized need in the development strategy of the largest agro-
industrial domestic and global companies. The work is devoted to the study of
problem areas and processes for developing an IT strategy for an agro-industrial
enterprise in the context of the multidimensional interrelationships of the compo-
nents of the business environment and the absence of explicit correlations between
them. The paper reveals the essence of the IT strategy development model as the
main tool for systematic impact on the enterprise architecture in its life cycle. As
a result of the study, the goals and objectives of the business implemented with
the help of information technologies are formulated, long-term directions for the
development of information technologies and the functions of the IT department
are determined, conceptual approaches to the implementation of strategic tasks
of information management are reflected on the example of Teplichnoye JSC in
the Republic of Mordovia. Based on the resource assessment of the current state
of information technology and the IT department of an agribusiness enterprise,
proposals were made to improve IT management, develop and implement an IT
strategy.

Keywords: Digital transformation · Sustainable development · IT strategy ·
Enterprise architecture · Information management · IT strategy components

1 Introduction

The concept of sustainable development is built on the basis of the unity, interconnection,
effectiveness of economic, industrial, social and environmental processes. It should be
focused on the priorities of innovation management, providing for objective information
technology solutions. The development of agribusiness has reached a level of maturity in
whichmodern technologies are increasingly used to receive data from satellites, sensors,
from operational and transactional systems. This increases both the amount of data and
the need for high-quality processing and reliable conclusions that can be relied upon
when making decisions. As a result, there is a demand for industrial analytical systems
and advanced analytics. In the context of the digital transformation of the economy,
the sustainable development paradigm in relation to agribusiness enterprises should
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involve the development of an informationmanagementmechanismand the development
of an IT strategy, mainly within the framework of the enterprise’s corporate strategy.
This is all the more relevant in accordance with the requirements of the Sustainable
Development Strategy until 2030 to achieve sectoral goals and objectives of an innovative
nature. Therefore, specific information technology solutions are needed at all stages of
its implementation. In this regard, we believe that there should be the development of
methodological and practical approaches to the justification and implementation of a
functional information strategy in the current conditions of digitalization.

Currently, the global information management community is trying to form the
fundamental foundations in the development of an IT strategy. At the same time, it is
advisable to name the developments of Danilin A.V., Slyusarenko A.I., Charaeva G.G.,
Eriashvili N.D., Abdikeeva N.M. and other domestic [1, 3–6] and foreign authors. At
the moment, the theoretical foundations for the development and implementation of
an enterprise informatization strategy are based on studying the practices of applying
strategic IT management in historically effective organizations [7, 8, 10, 12, 14, 16].
This fact reflects the aspect of the narrowness of the approach and limits its application
in the conditions of Russian realities in practice in most agro-industrial enterprises.. IT
strategy cannot exist in isolation from the main business goals, on the other hand, it must
also be aimed at IT aspects. To get the maximum effect from the costs of information
technology (IT) in a company, it is necessary to develop and synchronize an IT strategy
with the business goals of the organization [9, 11, 13, 15]. In this regard, the purpose
of the article is to develop proposals for the formation of information and analytical
support for the sustainable development of agribusiness enterprises in the context of the
development of information and strategic management tools, in particular IT strategy.

2 Components of IT Strategy Development

We propose to consider the structural and functional content of the IT strategy develop-
ment model on the example of an agribusiness enterprise (scenario approach) according
to the followingmain components: block 1 (goal, constraints, approaches), block 2 (rela-
tionship with business strategy), block 3 (organization of IT spheres), block 4 (target
enterprise architecture), block 5 (information integration), block 6 (IT infrastructure),
block 7 (IT resource management system), block 8 (organizational changes), block 9
(target interaction), block 10 (sourcing), block 11 (financing), block 12 (transition plan
to the target IP architecture), block 13 (options and risks), block 14 (selection of projects
and software products).

Block 1: Goal-setting should be focused on the development of a specific version of the
IT strategy, which provides for the use of modern information systems and resources
and contributes to the formation of competitive advantages of the enterprise, which will
allow solving a set of production and economic tasks at all levels of management, taking
into account the features of the management system, strategic goals and prospects for
the development of the enterprise.

Block 2: The problem of disunity between IT and business is the problem of the lack
of development planning within the entire company. Attempts to improve the efficiency
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of the IT service, not correlating this activity with the overall business strategy, with-
out involving other departments of the company, repeatedly proved the failure of this
approach. The problem of disunity will disappear when the IT service ceases to develop
separately from its company, when, considering the issue of IT optimization, top man-
agement will decide on the implementation of an ITSM project, subordinating the goals
of the IT department to the goals of the company and determining the IT interaction
scheme at the project planning stage with business.

Block 3: Assessment of the existing architecture of the enterprise (JSCTeplichnoye)was
carried out according to the methodology developed by META Group, which proposed
the use of a maturity scale consisting of five levels.

The mission of the enterprise is to provide the population with environmentally
friendly fresh vegetables all year round. The company is constantly developing, mas-
tering new technologies, establishing relationships with external partners, entering new
markets. Emerging new strategic goals lead to an update of the enterprise architecture.
The CEOwho leads the company recognizes the importance of developing an enterprise
architecture, but does not directly participate in it. The development of the enterprise
architecture project is entrusted to the heads of departments, and then everything depends
on their initiatives. As a result, not all of them become active participants in the process.

Active development is carried out only by the IT service according to the TOGAF
methodology, according to which the enterprise architecture consists of business archi-
tecture, application architecture, data architecture and technological architecture. Some
business units are only formally involved in the architecture development process.

The company has well developed internal standards and regulations. Implemented
an integrated management system for compliance with GOST R ISO 9001–2015 (ISO
9001:2015) standards; GOST R ISO 22000–2007 (ISO 22000:2005).

Management, together with IT, defines the key requirements for the enterprise archi-
tecture. Interaction with vendors is carried out mainly by the IT service. The project
planning cycle is continuous.

The technological architecture ensures the successful execution of business pro-
cesses. Applications are classified according to their contribution to the business.

Planning and managing IT procurement is carried out in accordance with a specific
architecture.Accounting for obsolete IT is organized.According to the conducted criteria
analysis, the enterprise architecture is currently in a transitional state from a regulated
level to a managed one.

Block 4: The structure and content of block 4 are presented in Table 1.
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Table 1. Target architecture of the enterprise: main application systems in the implementation of
business processes

Name of the
structural
element (block)

The main application systems used in the implementation of business
processes

Buisness
process

PP name Users Functional

Target Enterprise
Architecture

1.Strategic
management

Mozilla Firefox
Browser

IT department,
financial and
economic service,
supply and sales
departments,
agronomic
service, protected
ground
workshops,
energy service

Searching and
viewing
information on the
Internet

2. Production
of products

Text editor
LibreOffice
Writer

IT department,
financial and
economic service,
supply and sales
departments,
secretariat

Typing and
editing texts

3. Energy
supply

Spreadsheet
editor LibreOffice
Calc

IT department,
financial and
economic service,
supply and sales
departments

Working with
spreadsheets

17. Strategic
management

Mozilla
Thunderbird

IT department,
financial and
economic service,
supply and sales
departments,
agronomic
service, energy
service

Working with
e-mail

18. Production
of products

ESET NOD32 All divisions of
the company

Computer
antivirus
protection

19. Energy
supply

GIMP, Inkscape Agronomic
service, protected
ground
workshops,
energy service

Graphic editor

(continued)
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Table 1. (continued)

Name of the
structural
element (block)

The main application systems used in the implementation of business
processes

Buisness
process

PP name Users Functional

20. Provision,
storage and
protection of
information

1C: Accounting
8.3

Financial and
economic service,
supply and sales
departments,
warehouses,
production
workshops

Registration of
business
transactions,
accounting and
tax accounting,
reporting

21. Activity
planning

FIREPLACE Financial and
economic service
and personnel
service

Calculation and
calculation of
wages, keeping
records of
personnel

22. Purchase
of goods and
materials

sbis Financial and
economic service

Exchange of
electronic
documents with
suppliers and
buyers

23. Sales of
products

Circuit Financial and
economic service

Exchange of
information and
submission of
reports to all state
bodies (FTS, FSS,
PFR, Rosstat)

Client-Sberbank Financial and
economic service

Settlement and
cash services

ScalesSoft Financial and
economic service,
warehouses,
production
workshops

Automatic
reflection in the
program “1C:
Accounting” of
finished products
at the time of
weighing

24.
Information
security

RIC OKS Preparation of
budget
documentation

(continued)
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Table 1. (continued)

Name of the
structural
element (block)

The main application systems used in the implementation of business
processes

Buisness
process

PP name Users Functional

25. Production
of vegetables
in protected
ground

Diana XP Energy Service Management and
regulation of the
operation of
boilers in the
boiler room

26. Energy
supply

Monitor Agronomic
service, protected
ground
workshops

Process control

Block 5: Information systems that are part of the portfolio of applied systems form and
store the entire amount of information used in the company’s activities. Settlement and
cash services are carried out using remote banking technology (RBS). To do this, the
enterprise has installed the Client-Sberbank program, in which the connection with the
bank occurs via the Internet. The client program stores payment documents and account
statements on the computer, allows you to generate and send payment orders, and receive
information from the bank in the form of letters and account statements.

The technological program“Monitor” belongs to the number of specialized programs
used at the enterprise. The network version of the Monitor program allows you to view
and edit data via global and local networks. This function is very convenientwhen control
over technological processes needs to be carried out from several places, for example,
when an agronomist for irrigation and a technologist each control processes from their
workplace.

Block 6: The network complex infrastructure is represented by the following compo-
nents:

– server;
– structured cabling system;
– local computing network;
– uninterruptible power supplies (UPS) designed to protect the equipment and business
processes of the company in continuous mode and at every particular second, as well
as generator sets;

– mini automatic telephone exchange, combining external and internal telephone com-
munication, modem, fax, collective answering machine and computer into a single
system;

– network equipment (router, switches, etc.).
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The specifics of the enterprise infrastructure is such that the direct use of basic
network structures in its pure form is not possible. In this regard, the local area network
of the enterprise is presented in the form of combinations of known topologies. Network
switches are used to connect several workstations, respectively, to adapter cards.

Block 7: TO bring information systems and information technologies of corporate gov-
ernance to a state that satisfies the needs of management bodies and personnel of the
enterprise, as well as customers, it is required:

– Implementing a data culture (creating data as a service) so that employees can get the
data they need without difficulty;

– transition to advanced analytics and artificial intelligence;
– development of technical support for the enterprise, including computers, server and
network devices, office equipment and communications;

– training of enterprise specialists.

Block 8: The content of the block is shown in Table 2.

Block 9: Several options for interactions can be formulated:

– Business comes to IT with a task and expects proposals from IT to solve the problem;
– Business comes to IT with a ready-made solution for implementation;
– IT comes to Business with proposals and Business is ready to consider them.

Block 10: When choosing a contractor and an IT service provider, you need to pay
attention to the following points. The executor must:

– deeply immersed in the client’s business;
– understand the essence, the cause of the task/project;
– help the client formulate this task so that it is unambiguously described, achievable,
useful;

– evaluate the solution of this problem, and not the cost of man-hours;
– solve problems and achieve improvements in the business of its customer.

Throughout the entire period of work, employees of the internal IT service should
be provided with the necessary conditions for advanced training and self-development
(draw up a training plan or create a training portal).

Block 11: The key point in choosing a vendor is the budget that the company is willing
to spend on purchasing the product. The level of competence of the contractor depends
on it. The source of financing is the company’s own funds.

When drawing up a budget, you need to take into account not only the proposed
prices, but also compare the estimates of specific tasks. Check with the vendor what
exactly is included in this task.
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Table 2. Management plan for the implementation of the implementation stage of the project to
improve information systems and information technologies

Name of the
structural
element (block)

Tasks Content Responsible
executor

Organizational
improvement
(organizational
change)

Modeling a New Enterprise
Database

Conducting an
inventory and
making
corrections to the
enterprise
database Control
measures for
inventory

Technical Director;
Department heads

Improving the
communication/communication
system

LAN installation Technical Director;

Update of office equipment and
computers

Identification of
equipment
replacement
needs Selection of
equipment
supplier
Procurement of
equipment
equipment
Operational
installation of
new programs

Representative of
the executing
company

Training of enterprise specialists Control measures
for updating and
installing
equipment

Technical Director;

With a fixed payment, start working with the contractor after the preparation of
the terms of reference by the same contractor. During the creation of the TOR, the
contractor’s competencies and workflow can be assessed.

From the first days of the project, provide the contractor with access to the Gantt
chart. Define checkpoints to check readiness and compliance with the work plan and
schedule.

Block 12: The implementation of the following products will lead to continuous
improvements in all business processes affected by them (introduction of correct and
complete information, completion of tasks on time, reasoned shifts in time and personal
responsibility for one’s work). Necessary:
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– firstly, in order to reduce the time for collecting information on labor costs and increase
labor productivity, it was proposed to introduce the TimeControl Office time tracking
system;

– secondly, in the process of strategic management, use the Podio online service to
exchange relevant information and prompt decision-making;

– thirdly, in order to optimize the sales process, implement a CRM system that
will eliminate the duplication of some functions and increase the efficiency of the
department.

Block 13: When introducing new products, the following risks are possible when
forming the amount of financing:

1. Unscrupulous or inexperienced contractors may offer to perform work at too low
and therefore attractive price. Such conditions are most often agreed due to a limited
budget. But they face the opposite effect: the cost of the project grows, the deadlines are
stretched, the development of business processes is slowed down.

2. Unrealistically short project timeline. Most often, three parameters are important
for business: speed, price and quality. But there is a rule: he agrees to a low price, he is
unlikely to pay attention to the project, it is realistic to choose only two key parameters.
Operational development from a qualified contractor will be expensive if he meets the
stated deadline.

Block 14: AS part of improving the enterprise architecture for managing the company’s
activities, it is proposed to consider software products that allow you to create and control
various projects, as well as application systems for employee time tracking and sales
management (Table 3).

Table 3. Appropriate software products for current management tasks

Name of the structural
element (block)

Name of the software
product

Users Functional

Selection of
specialized software
products (projects)

Time Control Office Financial, economic
and personnel
services

Control of working
hours of employees
using contactless
cards

Podio Administrative and
management
personnel

Setting tasks and
tracking their
implementation

AmoCRM Sales department Sales Process
Management

The introduction of new software products will lead to a change in the “information
architecture” domain, namely the expansion of the existing database. Changes related
to the improvement of the business architecture of the enterprise could not but affect the
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improvement of the technological architecture. With the introduction of new systems, it
will be easier for IT professionals to serve business units and provide timely technology
support for changes in the organization. For the uninterrupted operation of the proposed
software products, it was recommended to introduce an additional physical server.

3 Recommended Functional IT Strategies and Implementation
Steps

For the enterprise under study, the following functional IT strategies are appropriate, the
essence and content of which are presented in Table 4.

Table 4. Recommended functional IT strategies in the conditions of the enterprise under study

Subject Events

Consolidation strategy Consolidation of information resources
(databases), information systems and IT
infrastructure

Strategy for creating a digital business
platform

Planning the creation of logically unified
information systems, data arrays, IT infrastructure

Business process informatization strategy Determination of priorities for informatization of
business processes, justification of the new
functionality of information systems

Business Digital Transformation Strategy: Significant increase in contribution to the business
due to more complete automation of business
processes and the introduction of new IT solutions

IT infrastructure development strategy Planning the development of all technical means
of the company

IT Services Development Strategy Development plans for all IT services

IT Process Development Strategy Plans for 1–3 years to improve all IT processes

IT budget planning Planning for 1 year or more, IT costs, and IT and
IS project plan

ICT project plan Selection and planning of ICT projects for the
next 1–3 years

The above scenario for developing an IT strategy can be adapted to various conditions
of agribusiness organization. But at the same time, its implementation should be based on
the use of automated information systems of a specialized nature, including application
software (applications) for the formation of information and analytical support for each
of the above structural and functional elements in the IT strategy model.

The development and implementation of an IT strategy is an objectively necessary
process for the effective development of enterprises in the context of the digitalization
of the socio-economic system. Its essence and content should be considered from the
standpoint of:
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a) creation and implementation of an information mechanism that can positively
influence the competitiveness of an enterprise, information security requirements;
b) development of information technologies, IT resources, IT departments, IT infras-
tructure, etc.;
c) formation of functional and corporate strategies, integration of business and the IT
industry [2].

We consider it expedient to implement the following stages of IT strategy develop-
ment:

1. Justification of the mission, goals and objectives of the IT strategy.
2. Determination of the priority elements of the IT strategy and key performance
indicators.
3. Analysis of external and internal conditions and opportunities in the development of
the IT-sphere (STEP-analysis, SWOT-analysis, etc.).
4. Estimation of resources using BSC methodologies.
5. Formation of alternative scenarios for the development of the IT industry, taking into
account the best practices.
6. Formation of an IT strategy in the form of a formalized document.
7. Determination of the IT budget, procedures and regulations, followed by the formation
and distribution of IT functionality.
8. Monitoring the process of implementing the IT strategy, taking into account the
requirements of the COBIT standard.

In view of the foregoing, in the process of forming an IT strategy, it is necessary
to use the concept of a balanced scorecard, as well as the concepts of goal setting,
key performance indicators, STEP analysis and SWOT analysis as tools for forming
elements of an IT strategy and its alternatives. It should include analysis and evaluation
of the IT architecture (“as is”) and the target IT architecture (“as will be”), taking into
account business requirements, key priorities, planning and implementation of business
processes.

4 Conclusion

Summarizing the above materials of the study, it should be concluded that in this work,
based on the conditions of the Concept of sustainable development, the need to develop
the main tools of information management with an emphasis on the formation of an
IT strategy for an agribusiness enterprise focused on the effectiveness of production
and economic processes and on the priorities of innovative support is substantiated.
Its content, priority components, specialized functional IT strategies, methodological
aspects of implementing the IT strategy in the activities of an enterprise in the agrarian
sector of the economy are determined.

The practical significance of the study lies in the ability to contribute to the imple-
mentation of proposals for improving ITmanagement, IT strategy components, business
processes of enterprise divisions, making objective information technology decisions.
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The prospects of the study lie in the objective need to develop methodological and prac-
tical approaches to the formation and development of tools for strategic management in
the information sphere based on ITSM with its subsequent adaptation in the conditions
of large agribusiness companies in accordance with the objectives of their sustainable
development.

References

1. Danilin A.V., Slyusarenko A.I.: Architecture and strategy. - M.: National Open University
“INTUIT”, p. 232 (2016)

2. Zinina L.I.: Formation of an enterprise IT strategy. In: Russian Economy In the Face of New
Challenges:Materials of the All-Russian Scientific and Practical Conference (Saransk, 13–14
December), pp. 353–358 (2018)

3. Information management. In: Abdikeev, N.M., Bondarenko, V.I., et al.- Moscow: Infra-M,
p. 400 (Textbooks for the MBA program) (2012)

4. Informationmanagement In: Charaev, G.G., Eriashvili, N.D., et al. -Moscow:UNITI-DANA,
p. 359 (2012)

5. Lobanova, N.M., Altukhova, N.F.: The effectiveness of information technology. In: Yurayt,
-M, p. 237 (2016)

6. Seletkov S.N.: Company information and knowledge management. In: Yurayt, – M., p. 208
(2017)

7. Brynjolfsson, E., Hitt, L.: Beyond computation: information technology, organizational
transformation and business performance. J. Econ. Perspect. 4(14), 23–48 (2000)

8. Dineva S.: Convincing your company leaders to invest in new technology. Harv. Bus. Rev.
(2022)

9. Dow, K., Weidenmier, W.M., Shea, V.: Riding the waves of technology through the decades:
the relation between industry-level information technology intensity and the cost of equity
capital. Int. J. Account. Inf. Syst. 25, 23–48 (2017)

10. Hagel, J., Brown, J.S.: Your next IT Strategy. Harv. Bus. Rev. 79(9), 154–158 (2001)
11. Kearns G., Lederer A.: Alignment of information systems plans with business: the impact of

competitive advantage. In: Proceedings of the Second AIS Conference, pp 840–842 (1997)
12. Laan, S.: Infrastructure Architecture - Infrastructure Building Blocks and Concepts, 2nd edn.

Lulu Press, USA (2017)
13. Mutisari, R., Nugroho, C.P., Aprilia, A.: Information technology in improving agricultural

marketing. Russ. J. Agric. Socio-Econ. Sci. 12(96), 23–48 (2019)
14. Reich, B.H., Benbasat, I.: Factors that influence the social dimension of alignment between

business and information technology objectives. MIS Q. 24(1), 81–113 (2000)
15. Vacca, J.R.: Cyber Security and IT Infrastructure Protection. Syngress, Boston (2013)
16. Zhou, N., Zhang, S., Chen, J., Han, X.: The role of information technologies in firms resource

orchestration process: a case analysis of China’s «Huangshan 168». Int. J. Inf. Manage. 37,
713–715 (2017)



Human Capital Development in Rural Areas
from the Standpoint of the Sustainable

Development Goals (SDGs)

O. N. Kusakina(B) and S. V. Sokolov

Stavropol State Agrarian University, Stavropol, Russia
kusolga@list.ru

Abstract. The implementation of the concept of sustainable development affects
different areas of society, in which the needs of the current situation are met,
but the needs of future generations are not compromised. In this regard, it is
particularly relevant to study the factors of achieving sustainable development
goals, the key of which is the human capital of rural areas. This article describes
the objectives of achieving sustainable development goals in their interrelation
and interdependence with the elements of human capital of rural territories. We
consider the directions and mechanisms of solving the tasks of forming human
capital adequate to the processes of sustainable development, presented in the State
Program of the Russian Federation “Integrated Development of Rural Areas”.
Furthermore, we reveal the problems of rural residents on the basis of a survey of
rural residents in the southern regions of Russia. Finally, we substantiate trends in
the development of modern agriculture and directions of human capital formation
in the conditions of sustainable development of rural areas.

Keywords: Human capital in rural areas · Sustainable development · Global
sustainable development goals · Agriculture · Sustainability drivers

1 Introduction

A major challenge today is the achievement of sustainable development goals in the
economic systems of all countries, nationally and globally. The economic systems of
different countries have their own characteristics, based on territorial-geographical,
historical-cultural, and economic peculiarities, which determine the national identity.
National identity, “is a specific unity of its elements, “meaningful attributes” shared by
those who belong to a particular nation” [1]. But, despite this, there are global problems
of present time, which require joint efforts to solve them. In recent years, humanity has
defined the direction of the world development for the coming decades. The main con-
cept of the future in the XXI century is sustainable development, the main statements of
which are fixed in the conceptual documents of the UN. “The future we want” (2012)
defines the prospects of humanity in the XXI century based on the concept of sustainable
development, the basis of which should be a green economy [2].
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In September 2015, the 193 member states of the United Nations adopted a new
sustainable development agenda, Transforming Our World: The 2030 Agenda for Sus-
tainable Development [3]. The provisions articulated in this document are universal in
nature, representing targets for all UN countries. The proposed Agenda for Sustainable
Development is set out on the basis of common principles. The principle of universal-
ism is manifested in the fact that all countries, irrespective of their national identity
and economic development priorities, should pursue sustainable development goals. All
countries should be involved in the sustainable development process, addressing the
challenges together. In addition, the principle of inclusiveness is also manifested in the
joint monitoring of processes taking place on the basis of real local data. The principle
of connectivity and inclusiveness refers to the integrity of all 17 goals and the unity
of the approach to their achievement. Inclusiveness determines the need for all sectors
of society to participate in the implementation of the Sustainable Development Goals
(SDGs). The principle ofmulti-stakeholder partnerships is also important to facilitate the
implementation of the SDGs in all countries in the exchange of knowledge, experience,
technology and financial resources [4].

There is no unambiguous understanding of the category ‘sustainable development’
in contemporary science, but in the context of achieving sustainable development goals
it is worth agreeing that ‘sustainable development (SD) refers to development that meets
the needs of the present without compromising the ability of future generations to meet
their own needs [5].

The achievement of sustainable development goals requires the fulfillment of a sys-
tem of factors that are directly or indirectly related to the formation and development of
different types of capital. Generalization of the existing points of view on the problem
of the influence of different types of capital on sustainable development allows us to
distinguish the following types: natural, productive, financial, social and human [5–7].
Natural, productive and human capital have a direct influence on the formation of mate-
rial conditions for achieving sustainable development. However, given the multifaceted
nature of the problem of sustainable development, all elements are interconnected, con-
ditioning each other, determining the direction and results of development aimed at
achieving sustainability of the system as a whole. Each type of capital has a direct or
indirect influence on the other elements through the system of existing linkages, and at
the same time the level of its development depends on the other types of capital. In addi-
tion, each has its own development mechanisms. All this makes the integrated system of
sustainable development capitals multilevel and multifunctional. However, the specific
integrator of this system for sustainable development is human capital, through which
other types of capital are realised. The components of human capital such as individual
abilities, knowledge, skills, health are related to the person himself and directly depend
on the environment of its formation. In this regard, human capital in rural areas is a
special type of capital with significant features. The existing scientific research in this
area does not fully reveal the problems of human capital development in rural areas in
the aspect of sustainable development.

The main objective of the article is to consider the relationship between the compo-
nents of human capital of rural territories and the goals of achieving the SDGs, as the
most important driver of the sustainability triad: economic, environmental, and social.
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The article is based on the hierarchical subjective, structural-component, and integra-
tive approaches to the consideration of human capital in rural areas as an object and a fac-
tor of sustainable development based on the use of statistical and verbal-communicative
methods.

2 Informal Interpretation of the Problem

The fundamentals of modern human capital theory were laid by G. Becker, who studied
social institutions (education, health care, etc.) that went beyond the scope of economic
analysis, but significantly influenced the formation of human capital. H. Becker attached
special importance to knowledge, production skills and motivation in the structure of
human capital [8, 9].

It is now generally accepted that human capital is a factor of economic growth and
qualitative development of socio-economic systems [10]. The multicomponent structure
of human capital is determined by the subject approach, the subject-person, the bearer
of human capital. Its characteristics, such as the occupation, the availability of necessary
infrastructure for the formation of its elements, the generation of income, the impact
of its activities on the environment significantly depend on whether it is a rural or an
urban dweller. The environment of a rural person, a holder of human capital, has its own
peculiarities. In Russia it is legally established that “a rural settlement is one or more
rural settlements (settlements, villages, stanitsa, villages, farmsteads, kishlaks, auls and
other rural settlements) united by a common territory, in which local self-government
is carried out by the population directly and (or) through elected and other local self-
government bodies” [11]. The development of rural ecosystems is largely determined by
the symbiosis of different groups of factors: industrial and economic, natural, social, and
ethical. Based on their combination and peculiarities of their manifestation in a certain
territory, a special way of life is formed that distinguishes this rural area from others,
including urban communities. This is reflected in the qualitative characteristics of the
structural components of human capital in rural areas. We consider health, education,
professional knowledge, cultural and personal potential of rural residents to be the key
ones.

The conducted analysis of specific objectives within the framework of 17 Global
Sustainable Development Goals has revealed direct and inverse links between them
and different elements of human capital in rural areas. Carriers of human capital in
rural areas play a key role in addressing the Sustainable Development Goals from the
perspective of their access to unique resource and production potential, provision of
food to the country’s population and economic growth. Each of the Global Sustainable
Development Goals is directly or indirectly linked to a particular element of human
capital, which acts as a factor and outcome of this process. This consistency is reflected
in the matrix of the sustainable development goals and the role of rural human capital
in their achievement (Table 1).

The objectives of SDG 1 “End poverty in all its forms everywhere” apply directly to
all holders of human capital in rural areas. It is only possible when significant resources
are mobilized from a variety of sources, which is practically implemented by the rel-
evant government programs. The current development of Russia’s rural areas is based
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on strategic mechanisms set out in the State program “Integrated Development of Rural
Areas” which is financed from the federal budget, the consolidated budget of the federal
subjects of the Russian Federation and extra-budgetary sources. SDG 2 “Zero Hunger”
implies increasing agricultural productivity and the efficient use of productive factors
in rural areas; this requires improving the professional knowledge of agricultural work-
ers, the development of the non-agricultural sector and the labour market in general.
For example, a departmental project on “Promotion of Rural Employment” is being
implemented through reimbursement of the costs of apprenticeship contracts concluded

Table 1. Matrix for integrating the sustainable development goals and the role of rural human
capital in achieving them

SDGs Objectives of the sustainable development
goals

Elements of human capital in rural
areas

SDG 1 Mobilization of resources from different
development sources, programs and
strategies to eradicate poverty in all its
forms

Health, education, professional
knowledge, individual capability

SDG 2 Increasing agricultural productivity and
rural incomes, secure and equitable access
to knowledge, land, other productive
resources, and agricultural inputs; ensuring
non-agricultural employment aimed at
preserving cultural identity

Professional knowledge, individual
capability

SDG 3 Ensuring universal health coverage Health

SDG 4 Equal access to quality vocational and
tertiary education, increasing the number of
rural people with relevant skills for decent
work

Education, professional knowledge

SDG 8 Progressive improvement in the efficient
use of natural resources in rural areas and
striving to ensure that economic growth is
not accompanied by environmental
degradation

Health, education, professional
knowledge, individual capability

SDG 10 Progressive achievement and maintenance
of rural incomes to urban levels as a
precondition for access to health, education,
and cultural services in rural areas

Health, education, professional
knowledge, individual capability

SDG 11 Fostering positive economic, social, and
environmental links between urban,
peri-urban and rural areas

Health, education, professional
knowledge, individual capability

SDG 17 Formulating more coherent policies for
sustainable development

Health, education, professional
knowledge, individual capability
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with employees, costs of work placements and preferential loans for the construction of
engineering infrastructure and residential facilities in rural areas.

Objectives of SDG 3 “Ensure healthy lives and promote well-being for all at all
ages”, aim to ensure universal health coverage and access to effective medicines for
rural residents. SDG 4 “Quality Education” aims to provide rural residents with quality
vocational and higher education and relevant occupational skills for employment. SDG
8 “Promote inclusive and sustainable economic growth, employment and decent work
for all” aims to achieve economic growth through more efficient use of land and other
resources in rural municipalities.

SDG 10 “Reduce inequality within and among countries” should achieve and sus-
tain rural income growth that is significantly lower than urban growth. SDG 11 “Make
cities inclusive, safe, resilient and sustainable” aims to maintain economic, social, and
environmental linkages between urban, semi-urban and rural areas through improved
infrastructure. SDG 17 “Revitalize the global partnership for sustainable development”
is only achievable by maintaining positive economic, social and environmental linkages
between urban and rural areas.

They include: bringing living conditions in rural settlements closer to urban con-
ditions; increasing employment of the rural population; promoting the creation of new
jobs by creating favorable infrastructure conditions for the development of agricultural
and alternative activities; improving housing conditions for the rural population, as well
as creating environmentally friendly living conditions in rural settlements, preservation,
restoration and enhancement of human, cultural and natural potential of rural territories
[12].

All above mentioned suggests that modern theoretical and methodological
approaches to the study of the role of human capital in rural areas in solving the problems
of sustainable development and the priorities of modern public policy do not contradict
each other, and the research allowed us to consider in detail the objectives of achieving
sustainable development goals in relation to the human capital of rural areas.

3 Formalisation of Factors for Achieving the SDGs

Russia’s position on the agri-food map of the world is determined by the qualitative
and quantitative characteristics of the human capital of rural areas, the resource and
technological base of the industry, and the demand for agricultural products. Russia’s
total area of agricultural land is about 198 million hectares, or 4.5% of the world’s
agricultural land. By this indicator Russia ranks 5th in theworld, behind China, America,
Australia, and Brazil. One fifth of the world’s freshwater resources are concentrated
in Russia. Meanwhile, our country is the undisputed leader in agricultural land per
capita, indicating significant potential to increase production and strengthen the country’s
contribution to global food security.Meanwhile, Russia ranks among the top 10 countries
in terms of the value of agricultural production, which amounts to $85 billion, or 2% of
global agricultural production.

In terms of gross output of certain products, Russia’s agricultural sector is one of
the largest in the world. Russia is the world’s fifth largest producer of grain crops. The
country is the second largest producer of sunflower oil and the third largest producer of
cheese products.
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Russia is among the world’s top 20 agricultural exporters. There has been a three-
fold increase in exports of food and agricultural raw materials in 10 years (Fig. 1). And
according to the RussianMinistry of Agriculture, exports already exceeded a record $31
billion in 2021.

12
17.3

16.8
19.8

17
17.8

21.6
25.8
25.5

29.6

0 5 10 15 20 25 30 35

2011
2012
2013
2014
2015
2016
2017
2018
2019
2020

Fig. 1. Dynamics of food and agricultural raw material exports in Russia, USD billion

With a leading position in food exports, Russia has met almost all of the country’s
domestic demand for basic foodstuffs, making it possible to meet the thresholds of the
Food Security Doctrine in key areas.

The agricultural sector employs 4.5 million people, which is just over 6% of the
population employed in the Russian economy The number of the rural population and
satisfaction with the rural way of life significantly depends not only on meeting the SDG
targets directly related to addressing the foodproblem, but also onmeeting environmental
objectives and generally achieving economic growth.

According to the World Bank, 45% of the world’s population live in rural areas, but
in Russia this figure is significantly lower at only 25.2% of the total population. At the
beginning of this year, Russia’s rural population set a new anti-record, falling below 37
million (Fig. 2). At the same time, the rate of decline of the rural population is four times
higher than that of the urban population.
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To identify the problems of rural residents that cause their outflow from rural areas,
the authors of the study conducted a survey of rural residents in the southern regions
of Russia. The survey was conducted on the Internet using a standardised questionnaire
created in the Google Forms service and the results are presented in Fig. 3.
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Fig. 3. Ranking of human capital problems of rural areas

The survey confirmed that rural residents consider low wages, poor road quality and
limited labour market opportunities to be the key problems of life in rural areas. The
level of workers’ wages is a third lower than the average for all sectors of the economy.
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4 Conclusion

As a result of this study, a correlation has been established between the human capital
elements of rural areas and the objectives whose achievement will lead to progress
towards the Sustainable Development Goals. The achievement of 8 of the 17 SDG targets
is directly conditioned by the state and development of human capital in rural areas, both
at the global level and at the national and regional levels. Specific mechanisms for the
implementation of these objectives require a goal-oriented approach to the formulation
of economic policy for the development of rural areas in the country, considering regional
specifics.

The achievement of the SDGs is directly linked to the development of rural areas
and agriculture, which is changing its appearance and conditions of operation.

Urbanisation and population concentration in large cities and megacities, combined
with the outflow of people from rural areas, will lead to a significant reduction in employ-
ment in agricultural production and human capital. Global changes in the natural and
climatic conditions of agriculture are contributing to a reduction in the planet’s resource
potential. According to a report by the International Panel on Climate Change, the aver-
age temperature on Earth could rise by 1.5 °C by mid-century, making many areas of
traditional farming unsuitable for agriculture.

A clear trend is the transition to a new technological model, ‘Agriculture 4.0’, based
on the global digitalisation and robotisation of processes, the spread of smart farming and
integrated technology solutions,which requires a change in the approach to the formation
of rural competencies. In the future, food production will increasingly depend on the
intensification efforts of people. The need for technological transformation of agriculture
fundamentally changes the structure of employment and places high demands on the key
competences of human capital in rural areas.

The results of the study can serve as a basis for integrated sustainable development
management of rural areas as complex socio-environmental-economic systems in the
unity of all its factors, the key of which is human capital.
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