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Abstract. The study presents the results obtained on the basis of the
application of the instrumental-mathematical apparatus for modeling socio-
economic processes and systems, including the economic integration of
regions, which in further research can be the basis for developing scenarios
for the development of interregional ties. The article proposes an approach
based on modeling the process of interregional economic integration using
the tools of correlation and regression analysis. The results of applying the
methodology for aligning the time series of changes in commodity exchange
in value terms using the example of the regions of the Southern Federal
District made it possible to determine the parameters of the regression line
and to check their significance. The presented analysis of the graphical
dependences of the commodity exchange of the Rostov region with the rest
of the regions characterizes the degree of development and trends of
interregional economic integration.

1 Introduction

To search for and find rational and effective solutions to deepen interregional cooperation,
an objective assessment of the existing level, potential and limitations of the interregional
cooperation process is required. To assess the state and prospects for the development of
interregional economic cooperation (along with its other types: production and technological,
information and communication, etc.), the priority is to analyze the development trends of
interregional trade as a carrier of integration and economic functions.

Currently, approaches based on the use of the instrumental and mathematical apparatus
for the analysis of interregional cooperation are used, but they have not been sufficiently
worked out yet [1-9]

In particular, in [2], the study is based on the use of methods of structural and functional
analysis and is predominantly descriptive. In [3], existing knowledge is synthesized, a
conceptual framework for the analysis of interregional flows is developed, and the impact of
flows of ecosystem services on interregional sustainability is considered. A small number of
works are devoted to the issues of mathematical modeling of the process of interregional
economic cooperation [4]. At the same time, this problem is urgent.
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The aim of the study is to obtain new results in assessing interregional economic
cooperation based on the use of correlation and regression analysis.

2 Methodology

Analysis of a priori information and existing research methods for interregional cooperation
indicates the need to create an instrumental and mathematical apparatus for quantitatively
assessing interregional integration, combining various methodological approaches into a
single integral system of methods that takes into account both the quantitative and qualitative
nature of the information and analytical base of interregional economic cooperation,
including statistical methods for studying the dynamics of cross-border trade in the regions
of the Southern Federal District [10-12]. The data of the Federal State Statistics Service of
the Russian Federation, regional statistical bodies and other information sources were used
as empirical material.

One of the traditional mathematical methods in the study of interregional economic
cooperation and the dynamics of cross-border commodity exchange of regions involves its
quantitative assessment based on the methods of correlation and regression analysis [13].
These types of analysis include checking the presence of a correlation, its direction, checking
the significance of the correlation coefficients, building a regression model y = f{x1,x2,...X,)
the investigated relationship between the indicator y and factors x. To characterize the
intensity of changes in features over time, various indicators of time series are used. Studying
the dynamics of a socio-economic phenomenon involves testing the null hypothesis of a
trend; if available, construction of the trend equation and further extrapolation of the results.

The Southern Federal District as a large socio-economic system includes: Rostov Region,
Krasnodar Territory, Astrakhan and Volgograd Regions, Adygea and the Republic of
Kalmykia.

It was previously established that interregional integration is based on economic interest
and is regulated by a system of socio-economic laws and legal norms. Any interregional
relationships are implemented through various types of activities in the following areas:
innovation, investment, information, resource, energy, production and technological
cooperation, scientific and technical cooperation, financial interaction, exchange of natural
and labor resources.

The process of economic unification of regional entities on the basis of improving deep
stable relationships and further development of the social division of labor underlies the
understanding of the subject content of the category of economic integration.

The effectiveness of interactions at various levels of the hierarchical structure of the
economic system depends on the tools for managing such processes. By regulating these
relationships, it is necessary to strive to achieve an optimal balance of economic interests of
all parties involved, to ensure consistency of actions, focusing on the use of competitive
advantages, consistency and predictability of expected results.

The motivational interest in this case lies in the mutual benefit from this kind of
cooperation, in which the integration processes are effective in the case of joint activities of
regions as a result of the unification of their economies.

The territorial proximity of the cooperating regions gives positive success to the
interregional dynamics due to the reduction of transport costs.

Moreover, the proximity of territories is a relative concept. On the one hand, it makes it
possible to reduce transaction costs and helps to eliminate administrative barriers. On the
other hand, integration is also possible in the presence of territorial remoteness of regions
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from each other. This option is effective in the development of trade relations.

The degree of development of energy and transport and logistics infrastructures
decisively contributes to the intensity of interregional integration and determines the structure
and volume of interregional trade [14].

Providing interregional economic systems with the requirements of openness,
cooperativity and dynamism associated with the variability of the two main characteristics of
the market - supply and demand, allows them to be classified as self-organizing systems.

"Economic growth, taking into account the dynamic development of interregional ties,
depends on several factors:

- the spatial and territorial location of the region, taking into account trade, economic and
financial flows;

- the degree of development of the transport and logistics infrastructure: the state of aviation,
sea, river, rail, highways serving trade and economic interactions;

- the degree of availability of logistics centers and warehouses of wholesale trade".

From this position, the results of the functioning of interregional markets can be divided
into the following categories: - goods and services of a strategic nature related to ensuring
the country's security; - goods and services produced in the region from the standpoint of
technological rationality; - goods and services produced for the independent consumption of
the region within the framework of its economic space.

The existing criteria for ranking economic entities of the national economy are associated
with assessing the impact of their level of development on the processes of spatial
development of the Russian economy. As a result, underdeveloped, depressed and developed
regions can be distinguished [15].

Underdeveloped regions are characterized by: insufficient intensity of economic
processes, low living standards of the population and structured economy, as a result of which
they lag behind other regions in terms of production and technical level of development.
These regions today include about 25 constituent entities of the Russian Federation (including
the constituent entities of the Southern Federal District: the Republic of Adygea, the Republic
of Kalmykia).

The depressed regions include about 30 constituent entities, these are the regions that,
despite the sufficient production and technical potential, a significant share of industry in the
region and the presence of a highly qualified workforce, are in a state of depression.
Consequently, we can note here a low investment activity, a lack of innovative activity,
affecting, among other things, the degree of employment of the population (structural
unemployment).

The developed regions act as a kind of donors to the economy. Among them are industrial,
agricultural and raw materials. They act as poles of activity and economic growth and entail
other regions through the "diffusion of innovations". These are about 15 regions, which are
the flagships of economic processes.

Overcoming the same interregional imbalances and asymmetries requires a constant
search for adequate and effective tools to eliminate them.

The process of interregional redistribution of resources is rather limited and cannot, in
full measure, provide support for lagging regions. However, the problem of smoothing out
socio-economic differences between regions remains quite urgent.

The conditions for the effectiveness of interregional integration can be identified:

- demand for this form of interaction by partner parties;

- unity of geoeconomic and geopolitical interests of the subjects;

- relative equality of levels of socio-economic development;

- territorial proximity of the participants in the integration process.
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As a result of the qualitative analysis, the effects of the development of interregional
integration were revealed, expressed in synergy and an increase in target indicators of the
socio-economic development of the national economy, such as the level of well-being of the
population and the quality of life, the level of development of the transport and logistics
infrastructure, the level of employment, the level of investment attractiveness, etc. business
activity, the level of sustainable development of regions, the level of environmentally friendly
living conditions of the population of the regions.

Integration is based, first of all, on the sufficient proximity of the regions according to the
principles of the formation of the economic mechanism, production and technical base and
the nature of reproduction processes, according to the degree of use of an approximately
homogeneous labor force and according to the readiness of regions for integration.

The presence of significant differences between regions leads to the difficulty of
integration processes or to a decrease in their effect. In this case, economic relations will be
limited to the sphere of trade, episodic movements of capital, goods or labor.

Thus, interregional integration acts as a driver of socio-economic development and
contributes to an increase in the standard of living of the population of the regions and the
country as a whole. Regions should form a common economic complex based on the
principle of complementarity. This is what will contribute to the widespread development of
interregional integration.

For the long-term development of this process, a number of factors are required that
determine the level of the existing production and transport and logistics base, which should
become the foundation of integration cooperation. When assessing the transport and logistics
features and the level of transport links of partner regions, it is necessary to take into account
the following elements among the conditions for interregional integration: the presence of
sea and river ports, airports, the density of railway communications per 10,000 km2; length
of railway tracks, km; commodity exchange, million tons; density of paved roads per 1000
km?, etc. The state of the level of development of communications, as one of the modules of
interregional integration, must be assessed by such quantitative indicators as the number of
connected subscriber devices of mobile radiotelephone communication per 1000 people, pcs;
the number of points of collective access (PCA) with access to the Internet; number of active
subscribers of fixed broadband Internet access, thousand; - the number of active subscribers
of mobile radiotelephone communication using Internet access services, thousand, etc. "

Integration is based, first of all, on the basis of a sufficient proximity of regions in terms
of the level of development of their economies, according to the principles of the formation
of an economic mechanism, production and technical base and the nature of reproduction
processes, according to the degree of use of an approximately homogeneous labor force and
according to the readiness of regions for integration.

Within the framework of this study, the production function is cross-border trade, which
is characterized by the import/export of products, as well as the volume of trade in three large
types of products: food purposes (FP); non-food purposes (NFP); industrial and technical
purpose (ITP) of the Rostov region with the regions of the Southern Federal District.

3 Results

To study the commodity exchange, as the most important indicator of interregional
interaction and the degree of development of economic ties, statistical data of time series
were analyzed characterizing the total commodity exchange of the Rostov region with each
of the regions of the Southern Federal District for 2009-2019 (fig.1-fig.5).
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The use of the tools of correlation-regression analysis made it possible to determine the
parameters of the regression line and to check their significance.
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Fig. 1. Dynamics of the total commodity exchange of the Rostov Region with the Krasnodar Territory
(regression equation y =—15541+7,74x x; r>=0.95)
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Fig. 2. Dynamics of the total commodity exchange of the Rostov region with the Astrakhan region
(regression equation y =—1778,1+ 0,89 x x; r? = 0.84)
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Fig. 3. Dynamics of the total commodity exchange of the Rostov region with the Volgograd region
(regression equation y = —25487 + 1,28 x x> 2=0.91)
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Fig. 4. Dynamics of the total commodity exchange of the Rostov region with the Republic of Adygea
(regression equation y = —146,65+ 0,073 X x 12=0,76)
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Fig. 5. Dynamics of the total commodity exchange of the Rostov region with the Republic of
Kalmykia (regression equation y = —14,62 + 0,0075 X xr? = 0,07)

Thus, the analysis of the presented graphical dependencies indicates a significant increase
in the commodity exchange of the RR with the regions of the Southern Federal District, which
is a sign of the development of interregional economic integration.

4 Conclusion

The scientific results obtained as a result of the application of the modernized instrumental
and mathematical apparatus for modeling socio-economic processes and systems, including
the economic integration of regions, the results of correlation and regression analysis, which
are the basis for the development of scenarios for the development of interregional ties,
information management decision-making support systems, which in aggregate can be used
by regional government bodies to strengthen interregional economic ties, develop integration
processes between regions of the country.
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