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Abstract

The purpose of the study is to assess the state and dynamics of the region's development. The research
object is the production sphere of the Central Federal District - the leader in Russia in terms of socio-
economic indicators. Modeling the state of the production system was carried out using stream models of
economic dynamics. At the first stage, the state of the system in 2010 and 2018 was analyzed. Attempts
to find equilibrium in the system under study did not yield results - the system had no solutions. The
equilibrium state does not occur for any values of the parameters and phase variables. At the second
stage, the dynamic development of the production system was simulated by numerical methods, graphs of
the change in phase variables in time for two cases were built - the parameters of the system remain
unchanged and change over time. As a result, we concluded that over time, economic agents become
richer - the amount of money grows both among organizations and the population. However, the pace of
production remains unchanged. The volume of shipped goods of own production decreases by increasing
the number of imported goods in national markets and the rapid development of the financial sector
during the period under review, stimulating the inflow of additional funds from enterprises and the
population. Thus, financial flows do not remain in the production system and do not contribute to

production growth, but flow into another institutional structure.
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1. Introduction

The region is an economic structure that is influenced by specific internally determined factors
and, for this reason, is not subject to federal trends. Interest in regional studies at the present stage is
caused by a seemingly contradictory trend towards the autonomy of regional structures against the
globalization process (Kargapolova & Dulina, 2019).

The region as a complex economic system in modern studies is analyzed in structural and
functional (Rumyantsev, 2018), institutional, spatial and territorial (Kargapolova & Dulina, 2019), social,
demographic (Shakleina & Midov, 2019), natural landscape aspects (Pechenskaya, 2018), as well as in
the context of resource security, resource dependence (Kurbatova et al., 2019), tax burden (Povarova,
2018) and tax competition (Troyanskaya, 2017).

Difficulties in assessing the state of regional structures are associated with the complexity of
taking into account the entire set of macroeconomic factors, as well as with the high uncertainty of the
dynamics of the macroeconomic situation in the country and the region, due to the peculiarities of modern

industrial development (Ilyukhin et al., 2017).
2. Problem Statement

The state of the region largely depends on the key source of its own financial flows generated in
the production sector, for this reason, a quantitative assessment of the state and dynamics of the
production sector is the main applied task facing regional authorities and the academic direction of
research.

The traditional method of analysing the effectiveness of the functioning of a production facility to
identify its resource capabilities is the production function. The application of the production function to
the regional economic system is a tool that exists within the concept of convergence of micro and
macroeconomics. Individual production functions to be applied to the analysis of regional data are subject
to aggregation; various methods of such aggregation are explored in (Grebnev & Schultz, 2016).

The most commonly used types of production functions are presented in the work of Arzhenovskiy
and Shekhovtsov (2016), among them a linear function, a Cobb-Douglas production function, as well as a
translog with a constant (CES - function) and variable elasticity of substitution. Evaluation of the
efficiency of the use of production resources using a model economic analysis of production functions is
studied in (Fedorova et al., 2016; Matveenko & Bronstein, 2016; Sokol et al., 2017; Verbus & Osharin,
2019).

3. Research Questions

The traditional application of production functions is associated with the study of quantitative and
qualitative relationships between economic determinants and diagnostics of the efficiency of using
resource opportunities, but we set ourselves the task of determining the stage of evolution (development)
of the production system of the region at the chosen starting point and finding the dynamic trajectories of

the system's development.
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Purpose of the Study

The basis for building a dynamic system is based on the idea of a region as an aggregated
production structure that produces a homogeneous product flow.

A qualitative model describing the dynamics of material and financial flows in a macroeconomic
system was proposed by Professor Neimark and Ostrovsky (1998).

Note that some of its provisions currently require significant clarifications, firstly, due to the
obsolescence of some statements, for example, it is proposed to take into account only cash as a financial
flow, then in the modern world cash settlements are practically ousted from the economic circulation by
non-cash payments, -second, due to the lack of initial statistical information.

A similar idea of assessing the influence of factors on the development of a regional economic
structure by forming a matrix of financial flows is implemented in the study (Naumov & Trynov, 2019).
The authors define the matrix of financial flows as a tool reflecting, on the basis of balance sheet
identities, the movement of financial resources from the formation of income to their final use in various
institutional sectors, which makes it possible to use it to assess the relationship between regional
economic indicators. At the same time, the simplest arithmetic calculations of multipliers serve as a tool
for identifying quantitative relationships, while in (Cherkashin & Myadzelets, 2017) numerical methods
are used for these purposes.

In our study, the flow model was somewhat simplified - the analysis is focused only on the
production sphere, without taking into account institutional links between other sectors.

By accumulating the results of studies of the regional economic system, through a certain set of
macroeconomic indicators reflected in (Grebnev & Schultz, 2016; Granitsa, 2020; Makarov et al., 2016;
Malkina, 2017; Maslennikov et al., 2019) we have formed the composition of phase variables and the
parameters of the system of differential equations.

Please note that when constructing production functions, we neglected the heterogeneity of
industries, although it is obvious that along with industries that are the locomotives of economic growth,
there are also unprofitable industries, and production functions in different groups of industries can
fundamentally differ from each other (Naumov & Trynov, 2019), however, due to the limitations imposed

by the regional statistics base, the data by industry are aggregated.
4. Research Methods

Let's analyse the indicators of the Central Federal District for the period from 2004 to 2018. The
choice of such a small time lag is due, firstly, to the limitations of open access to regional statistical data,
and secondly, to the tendencies emerging at the present stage towards the analysis of short periods, but
historically significant in terms of duration, where the variable time.

The format of the article does not allow us to carry out a detailed description of the procedure for
constructing differentiated equations included in the system that characterizes the economic structure of
the region, therefore, we will display only the final description of the dynamic system, represented by a

system of 4 differential equations, the variables of which characterize changes in the values of flows of
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material and financial resources, and the parameters of the dynamic systems depend on the capabilities
and selected strategies of economic agents.

Based on the data of official statistics for the regions, we have formed the main and additional
financial parameters, which are a reflection of the characteristics that describe various aspects of the
functioning of the region at different time intervals. We included accounts receivable of enterprises,
investments in fixed assets, and the volume of fixed assets to additional financial indicators.

Note that we have chosen the volume of shipped goods, works, and services of our own production
as an indicator of the output of goods; other studies on a similar topic use data on the value of the annual
gross output of goods and services, the value of the gross regional product.

The methodology for constructing the dynamics of the state of the regional system is shown in

Figure 1.

selection of phase variables for system analysis

volume of production of goods, works, services (g), funds of enterprises (h), funds of the
population (j), product speed(f)

A 4

Defining functional dependencies by creating production functions

Identification of additional qualitative and quantitative parameters of the regional subsystem

population consumption rate, equipment wear rate, export volume, profitability of production, cost of
fixed assets, fixed capital investment, receivables

W

formation of differential equations

Figure 1. Methodology for assessing the dynamics of the state of the regional system

At the first stage, we will find the values of the phase variables at which the system at the zero
point (arbitrarily chosen 2010) is in equilibrium. For this we equate to zero all derivatives in the
equations of the system and try to find solutions.

The system of linear equations was solved by the Gauss method. As a result, it was found that no
solutions were found for the given parameters, that is, the state of equilibrium is not achieved.

To determine the direction of the dynamics of the production system, we will use the solver of the
system of differential equations "odesolve" in the program for the implementation and visualization of
engineering calculations Mathcad Prime 6.0 Let's generate oscillograms - graphs of the change in phase

variables in time for the case when the parameters of the system change in time (Figure 2)
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Figure 2. Oscillograms reflecting the change in phase variables over time when changing the parameters
of a dynamic system

5. Findings

Analyzing the graphs presented in Figures 2, we formulated the following conclusions:

1. Over time, economic agents become richer - the amount of money increases both among
organizations and among the population

2. The rates of production initially remain unchanged, however, the volume of shipped products of
own production significantly decreases

The results obtained, in our opinion, are explained, firstly, by an increase in the number of
imported goods in national markets, which create competition for goods in the domestic market, and,
secondly, by the rapid development of the financial sector in the analyzed period from 2010 to 2018,
which is stimulated by the inflow of additional funds from enterprises and the population.

Due to the redistribution of cash flows between the production and financial sectors, the
production sphere of organizations ceases to develop, the index of real physical volume of production
decreases, against the background of an increase in the consumer price index, real money incomes of the
population begin to decrease, while the total amount of money is growing.

The funds of economic agents (enterprises and the population) are accumulated in investment
funds and other credit institutions, all this leads to the development of the investment sector of the
economy.

If you fix the values of additional economic parameters, then the oscillogram will take the form

shown in Figure 3.
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Figure 3. Oscillograms reflecting the change in phase variables over time with unchanged parameters of

the dynamic system

Analysis of the graphs in Figure 3 leads us to the following conclusions:

1. Economic agents are becoming richer again - the amount of money increases both among
organizations and among the population, but at a certain moment the money supply of the population
begins to decline.

2. The rates of production at first remain unchanged, and from a certain moment they begin to
decline, the volume of shipped products of own production significantly decreases.

All these conclusions are relevant only if the production parameters are unchanged, however, this
simulation model is far from reality, obviously, additional parameters, such as the volume of exports,

capital intensity, investments in fixed assets, have a positive trend over time.

6. Conclusion

As the prospects for the development of our research, we designate:

1. Formation of a model for assessing the relationship between individual sectors of the economy -
production, financial, trade, investment and the allocation of spillover effects in it

2. Replacement of linear production functions with a generalized production CES-function, which
takes into account the propensity for diversity and product quality, which will allow distinguishing
between consumers with different attitudes towards product quality. Subjectivism in assessing quality
can be overcome by introducing additional quality parameters, for example, production period, cost,

product life, functionality.
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