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MEPEXEBI MOJEJII PETTOHAJIBHUX EKOHOMIYHUX CUCTEM

Axkmyanvuicms. MoOenioanns po3eumKy peioHaNbHUX eKOHOMIYHUX CUCMEeM € aKmyanbHUm 3a60aHHAM Y
38'13Ky 3 peqpopmoio deyenmpanizayii cucmemu YRpasiinHs i AOMIHICIMPAMUEHO-MePUMopIaIbHO20 YCMPOoK 8 YKpaini,
aKa nepedbayae HAOAHHA OiNbUUX NOBHOBAMCEHb pe2ionam mda CMBOPIOE HOBI MONCIUBOCHI ONsl €KOHOMIYHO20
PO36UMKY MEepUmopIi.

Mema ma 3ae0anna. Memow cmammi € MOOENOBAHNS PELIOHANLHUX eKOHOMIUHUX cUCmeM Olisl BUABTIEHHS iX
ONMUMANLHOT CMPYKMYpU | YUHHUKIG, 5KI HAUOIIbWO MIpor chpusiu O iX po36umKy, d mMAaKON’C BUBYEHHS.
MOACIUBOCIIT 3ACMOCYBAHHI MAMEMAMUYHO20 anapamy meopii epagis.

Pesynemamu. Buseneni gpaxmopu, wo cnpusiome po3eumKy peioHANbHUX eKOHOMIuHUX cucmem. Buseneno
36'A30K OeyeHmpanizayii 3 Mepedcesor CMmpyKmypow Cy4dacHoi eKoHOoMIKu. Beedeno nousamms KeazighpakmanbHoU
exoHoMIYHOT cucmemu. TIoKkazana Moxciugicms 3acmocysanHa anapamy meopii epagie 01 eueueHHs peioHANbHUX
eKoHoMiuHux cucmem. Hagedeni npukiaou 3a60anb, n06'13aHUX 3 Y HKYIOHYBAHHAM €KOHOMINHUX CUCIEM, AKi MOJICHA
Gopmyniosamu i eupiuyeamu 6 mepminax meopii epagis. JJocnioxceno poab HAcenieHHs K CHONYYHOL JIAHKU 8
PpezioHanbHUX eKOHOMIYHUX cucmemax. Busnaueni ocnoeui napamempu, wo xapaxmepusyoms po36UMOoK pe2ioHaNbHUX
EKOHOMIYHUX cucmem: SKICHA CKIAOHICMb | HAAGHICL 3AMKHYMUX Koumypie. Buseneno ponv mononoeciunozo
COPMYBAHHA 6 GUGYEHHI CMPYKMYPU EeKOHOMIYHUX cucmem. 3a3HA4eHO HA B63AEMO36'SI30K MIJIC MepumopianibHo-
AOMIHICMPAMUSHUMU OOUHUYAMU [ CIPYKMYPOIO PE2IOHANbHUX eKOHOMIYHUX CUCHEM.

Bucnoexu. Ilpu 0ocniodcenti pecioHaIbHUX eKOHOMIYHUX CUCHEM 00CUMb eeKMUGHUM € CIPYKMYPHULL NIOXi0
i3 3acmocysanHam anapamy meopii epaghig, aKull 003805€ hopmynosamu i eupiulyeamu 3a80aHHS, NO8'A3aHI 3
MOOETOBAHHAM Yux cucmem. Buguennss cmpykmypHux 61acmueocmeti eKOHOMIYHUX cUucmem 003601UMb GUAGUMU
3AKOHOMIPHOCTI PO3GUMKY COYIAIbLHO-EKOHOMIYHUX CUCEM I NPO2HO3Y8aMU Yell PO3GUIMOK.

Knruosi cnosa: oeyenmpanizayis, pecionanizayis, enobanizayis, paxmanvricms, mepedici, epag,
Camo8iOmeoOpeHHs, eKOHOMIUHA CUCMeEMA.
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NETWORK MODELS OF REGIONAL ECONOMIC SYSTEMS

Topicality. Modeling the development of regional economic systems is an urgent task in connection with the
decentralization reform of the management system and administrative-territorial structure in Ukraine, which creates
new opportunities for the economic development of territories.

Aim and tasks. The aim of the article is to model regional economic systems to identify their optimal structure
and factors that would most contribute to their development, as well as to study the possibility of applying the
mathematical apparatus of graph theory.

Research results. The factors contributing to the development of regional economic systems and the link
between decentralization and the network structure of the modern economy are identified. The concept of a quasi-
fractal economic system is introduced. The possibility of using the apparatus of graph theory to study regional
economic systems is shown. Examples of problems associated with the functioning of economic systems that can be
formulated and solved in terms of graph theory are given. The role of the population as a link in regional economic
systems is investigated. The main parameters characterizing the development of regional economic systems are
identified: qualitative complexity and the presence of closed cycles. The role of topological sorting in the study of the
structure of economic systems is revealed. The relationship between the territorial-administrative units and the
structure of regional economic systems is indicated.

Conclusion In the study of regional economic systems, a structural approach using the graph theory apparatus
is quite effective. It allows to formulate and solve problems associated with the modeling of these systems.The study of
the structural properties of economic systems will reveal the patterns of development of socio-economic systems and
predict this development.

Keywords: decentralization, regionalization, globalization, fractality, networks, graph, self-reproduction,
economic system.

Problem statement and its connection with important scientific and practical tasks. The
decentralization of the management system and administrative-territorial structure in Ukraine requires a
careful study of the mechanisms of functioning of regional economic systems and the links between them. In
this regard, there is a need to model these systems, using, among other things, graph theory.

Analysis of recent publications on the problem. Many scientific researches are devoted to
theoretical and methodological directions of formation and development of regional economic systems.
Well-known foreign scientists have made a great contribution to the development of this topic: D. Bracchi,
A. Weber, A. Granberg, K. Jean, W. Barnes, L. Ledebur [2]. The works of M. Castells [1], V. Inozemtsev,
V. Popkov, and D. Berg [3] were devoted to the analysis of the network structure of society and economy.

A significant contribution to economic theory on the problems of regional development and strategic
management at the regional level has been made by Ukrainian scientists, such as: L. Antonyuk, A. Amosha,
Y. Bazhal, 1. Blank, E. Beltyukov, B. Burkinskyi and other scientists.

Allocation of previously unsolved parts of the general problem. Despite the fact that various
scientists [2], [3], [7] have tried to study regional economic systems in terms of their network structure, it is
necessary to further develop this structural approach to create economic and mathematical models to solve
practical problems of regional economy management.

Formulation of research objectives (problem statement). The aim of this study is to to find out the
possibility of modeling regional economic systems by means of graph theory to identify their optimal
structure and factors that affect their stability and ability to self-reproduction.

An outline of the main results and their justification. The decentralization reform carried out in
Ukraine is objectively necessary, as it meets current trends in the development of society and the economy.
Its component is an economic decentralization.

The development of regional economic systems is favored by the following factors:

1) the minimum transportation costs of enterprises in case of their concentration within one region

2) self-reproducing economic processes in the regional economy, which have a cycle structure

3) the presence of sustainable social ties, which promotes trust between subjects of economic activity

and reduce the transaction costs.

In addition, it is important to note the binding between decentralization policy and the network
structure of modern society and economy. A characteristic feature of modern society is its network structure.
This is usually associated with the development of information technology [1]. In particular, economic
processes in modern society are organized according to the principle of networks [2] to a large extent. It
contributes to their intensification and mutual influence. We observe that the frequency of interactions
between two nodes is higher if they belong to the same network [1], and changes in one part of the network
immediately cause changes in another [2].
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Decentralization of management is an essential property of any network structure. Its manifestations
are such outwardly opposite processes as regionalization and globalization, which are in dialectical unity.
Economic networks are open structures that can expand indefinitely by including new nodes if they have
similar production tasks [1]. Networks can develop both in depth (regionalization) and in breadth
(globalization). V. Barnes and L. Ledebur [2] consider a new economic paradigm, according to which it is
economic regions that are the structural units, “building blocks” of the national economy. At the same time,
they emphasize that the national system of economic regions is open and in connection with other national
economic systems. In fact, economic regions are becoming particles of the global world economy. In
connection with the foregoing, we can conclude that the decentralization of the management system and the
administrative-territorial structure is nothing more than bringing the management structure in line with the
structure of the economy.

Any modern economic system can be considered as a hierarchy of networks in which individual
networks are nodes from the point of view of a higher level network [3]. At each level, the network structure
locally has the following form:

N

Fig. 1 Types of connections in the local economic system.

Elements of the subsystem can interact in different ways with the external environment, as shown in
Fig. 1. We see that our system has the property of self-similarity in a somewhat loose sense, therefore it can
be called quasifractal [4].

As a mathematical apparatus describing the network economy, one can naturally choose graph theory.
A network (in the mathematical sense) will be called an oriented connected graph without cycles. The
network we are considering is not, generally speaking, a transport network [5]. In economics, the vertices
(nodes) of the network correspond to enterprises or local economic systems. The arcs (oriented edges)
correspond to connections between them, which are expressed in the movement of goods from one enterprise
(system) to another. Arc flow is the value of the corresponding product.

Let us now consider the regional economy as a local network, which is a subset of some
comprehensive network. Note that a network is by definition connected. We have accepted this assumption
consciously. The presence of closed commodity circuits (cycles) in the local network can be considered [3]
as the basis for the stability of a local network. Cash flows are generated inside of these cycles that feed the
regional economy and ensure its self-reproduction.

The concept of self-reproducing (autopoietic) systems was borrowed by economists from biology [6]
and this analogy turned out to be quite effective [7]. Until now, economics has focused on the financial
performance of enterprises, rather than the structure of their relationships. At the same time, it is a structural
approach that can generate new ideas in economic management at all levels. For example, when investing in
a region, you can direct funds in such a way that the maximum number of cycles occurs and thereby
stimulate the development of the regional economy. Apparently, this can be achieved primarily due to the
manufacturing industry. In addition, with this approach, there is additional justification for the need to
diversify the range of products by regional enterprises. The fact is that diversification provides additional
opportunities for building local closed product circuits. It seems that the structure of the network itself
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imposes management decisions on us. In the words of M. Castells: "The power of structure is stronger than
the structure of power."

It is possible to formulate various problems in terms of graph theory, for example:

1) What is the minimum investment needed to build a cycle in this economic system and what

structure of the expanded network will be optimal?

2) How to maximize the flow along a certain path (cycle)?

3) How to find all the cycles in a given network?

4) How to optimize transport routes in the network?

If in a particular case we are considering a transport network [5], then we can also pose the problem of

maximum flow and minimum cost flow.

Some of these problems are solved by mathematical methods. For example, task 3) is solved using the
DFS (depth-first search) algorithm [8], and task 4) leads to the well-known Steiner problem of finding the
shortest network connecting a given finite set of plane points. For other problems, mathematical terms allow
only a short and precise formulation of the problem, and the solution requires a detailed economic analysis
and the use of additional technologies. Moreover, this is not excluded even in the case when it is possible to
find an exact or approximate solution to the problem by mathematical methods. For example, a practical
solution to problem 4) in addition to the mathematical approach [9] requires effective control (in particular,
the implementation of a GPS monitoring system).

In addition to the presence of cycles, such a parameter of the regional economic system is of interest
as its complexity, which we will consider as a measure of economic development "in depth”, the number of
stages of processing of raw materials. We propose the concept of complexity as the average length of the
path (cycle) in the network. This understanding of complexity is of a qualitative nature, in contrast to such
guantitative network parameters as order (number of vertices) and size (number of arcs). The qualitative
complexity of the system and the presence of closed cycles in it are related factors. With increasing
complexity of the system and increasing the variety of manufactured goods (services), the likelihood of the
formation of new paths in the network, including closed ones, increases.

An interesting effect can be obtained if the population is included in the network along with
enterprises as a separate node. Having examined the networks corresponding to various local economic
systems, we can notice the star-shaped geometrical structures in the center of which there is a vertex
corresponding to the population:

. pz > .
Stock raising Food industry
\‘\ Plant growing /’
Light industry — > Population S — " Services
T -~

Fig. 2 Population as an element of the regional economic system *
* - compiled from the materials of article [3].

Figure 2 shows a typical scheme of this kind, which leads us to the conclusion about the important role
of the population: it plays the role of a connecting link in the network, and ensures the network connectivity
in the mathematical sense. Therefore, for the development of the regional economic system, it is important to
produce goods and services to meet the needs of the population included in this system. Moreover, small and
medium-sized businesses play a significant role here: the local market is just that niche in the economic
system that it is able to occupy.

It seems important to identify factors affecting the specialization of the regional economy. These can
be considered:

1) the availability of sources of raw materials

2) historical conditions

3) natural and geographical conditions

4) the location of the region relative to the flow of goods.
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An equally important task for the analysis of the regional economy is to find enterprises that determine
the economic specialization of the region. To solve it, it may be useful to use graph theory, namely,
topological sorting [8] of the corresponding network. At the same time, we get several levels that form the
hierarchy of the network. The first level will automatically include enterprises (peaks), which are sources,
“growth points” of the regional economy that determine its specialization.

If the network contains cycles, then topological sorting in the strict sense is impossible. In order to
implement it, you will have to perform some transformations on the network to eliminate cycles. For
example, neglect low flow arcs.

Conclusions and perspectives of further research. The process of decentralization must be
considered in connection with the network structure of the economy. When modeling regional economic
systems, a structural approach using the apparatus of graph theory is effective. It allows you to formulate and
solve practical problems associated with the functioning of these systems. These tasks can be related to
regional investment policy, stimulating the intensive economic development of regions and interregional
relations, building a logistics infrastructure in the region, etc.

And finally, back to the gquestion we started with, about the correspondence between administrative
and economic transformations. Considering the above, it would be reasonable to assume that each of the
territorial-administrative units formed during the reform will correspond to the existing economic network in
the region, which is branchy enough and does not break up into separate subnets.
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