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In the article the possibility of using the instrument of order and chaos in quantitative

measurements of the level of economic security of the regional system was investigated. It

have been noted that the existence of conditions for non-linearity of regional development

requires a detailed study of methods and approaches to the management of territorial

development from a synergistic approach. In the article was proved that in order to measure

the economic security of a regional system, threshold values  †should be introduced. The

authors of the article found that on the basis of the proximity of the state of a particular

subsystem to the boundary of its stability, that is to the point of bifurcation, it is possible

to quantify the level of security of the system. The corridor for the development of the

regional socioeconomic system was calculated and it was found that with the strengthening

of state interference in the economic complex of the region there is an increase in the

orderly system with simultaneous decrease of entropy, which leads to delaying the

development of the RSES in the zone of «evolutionary impasse» and makes it impossible

to transition to the concept of self-organization and new technological structure. It have

been proved that the development of regional economies in time and structure of the

national economy of Ukraine is a process strictly regulated by the state, which does not

correspond to the main principle of the system – self-development and contradicts the

laws of the development of a market economy.
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Introduction
From the position of system approach, the

region is a complex spatial socio-economic system;
the development of the region is a dynamic, cyclically
developing process; the region as a holistic complex
socio-economic system is prone to self-development.
Ability to self-development is one of the fundamental
properties of the system. The transition of the
economy to high-tech industries involves the
development of new approaches to the management
of sustainable development of territories on the basis
of self-development of regional socio-economic
systems.

Self-development of regional socio-economic
systems is a modern paradigm of territorial
development, according to which territories should
strive for economic growth at the expense of its own
resources. A balanced development is a prerequisite
for the economic security of the region. Most
researchers, under the term «economic security of

the region», believe it is stable, sustainable
development, expanded reproduction and protection
of national (regional) interests.

Both in foreign and in the national scientific
literature considerable attention is paid to the study
of economic growth and economic cycles. These
problems were studied abroad at different times by
K. Zhugliar, D. Kitschin, J. M. Clark, S. Kuznets,
V. Leontiev, V. Rostow, A. Toffler, J. Forrester,
E. Hansen, R. Harrod, P. Heine, J. Hicks and others.
Substantial contribution to the development of
methodological foundations of the theory of
economic growth and long-wave economic dynamics
was made by such Russian scientists as M. Kon-
drayev, E. Slutsky, M. Tugan-Baranovsky and others.
Among the Ukrainian scientists who deal with the
problems of nonlinearity of development can be
called the following: V. Vitlinsky, V. Heyets, V. Vovk,
T. Klebanova, K. Kononova, N. Maksyshko, A. Mat-
viychuk, T. Merkulova, V. Solovyov, V. Stepanov,



45ISSN 2415-3974. Åêîíîì³÷íèé â³ñíèê ÄÂÍÇ ÓÄÕÒÓ, 2018, ¹ 2(8)

Quantitative measurement of the level of economic security of the regional system based on the instrument
of the order and chaos

O. Chernyak, I. Shkrabak et al. But the existence of
conditions for the non-linearity of regional
development requires a detailed study of the methods
and approaches to the management of territorial
development from a synergistic approach.

The purpose of the study is to determine the
possibility of using instrument of order and chaos in
quantitative measurements of the level of economic
security of the regional system.

The main material
The region’s economic security is prone to the

impact of many external and internal factors that
either hinder or contribute to security. Incorrect or
untimely regulation of the factor of influence
contributes to the change in the state of a regional
system from a relatively controlled state into a new,
unmanaged one, which is capable of posing a serious
threat to economic security. Thus, any factor of
influence, which is detected untimely, or it is not
manageable, can become overgrown and threatened.

The problems of developing a methodology for
security in Ukraine are mainly addressed by the
National Institute for Strategic Studies. At the
moment, the methodology for calculating the integral
estimation of the level of economic security of
Ukraine has been developed. This technique includes
9 components of the integral assessment:
demographic, energy, food, social, innovation,
foreign economic, financial, investment and
macroeconomic. The scientists of this institute state
that the economic security of the state is an important
component of national security, but underline that
this is a complicated system that has its own structure
and internal logic that makes it necessary to improve
the methodology of the integrated assessment of the
level of economic security of the state in order to
ensure an adequate response to destabilizing factors.

Professor Gumenyuk AM (National Institute
of Strategic Studies) in their works notes that in the
theoretical and methodological plan there is still no
clear approach to creating a system for ensuring
economic security of the country as a whole, and at
the regional level, there are still more problems (the
minimum informative set of indicators, their
thresholds, methodological issues of monitoring and
decision-making on preventing threats to economic
security have not been solved, etc.) [1].

It is not necessary to identify the concept of
«economic security of the region» and «socio-
economic development». A set of indicators for
evaluation The same assessment methodology can
be similar in the study of these two phenomena, but
there is one significant difference. The socio-
economic development of the region is measured in
comparison with other regions, as is correctly done
through the ranking and averaging procedure.
Economic security is measured by similar methods,
but there must be threshold values beyond which

regional development is critical. The method for
determining these threshold values should also be
developed. The development of an effective system
of indicators of economic security is a complex
theoretical and methodological problem.

The authors of the article found that on the
basis of the proximity of the state of a particular
subsystem to the boundary of its stability, that is to
the point of bifurcation, it is possible to quantify the
level of security of the system. The point of
bifurcation is the moment of loss of predictability of
changes in response to external influences.

Consider the regions of Ukraine from the point
of view of the systemic development of time in terms
of the characteristic feature – the gross regional
product (GRP), and the system itself is the state of
Ukraine, that is, the regional social and economic
system of zero order (PCES 0). The toolkit of the
measure of order and measure of chaos was developed
by Vyatkin [2,3,4]. It is based on two information
functions: additive negentropy (I) and entropy (S).
To describe the structural organization of the system,
that is, the ratio of order and chaos in the synergetic
theory, the R-function of the form is calculated [3]

I order
R

S chaos


  .

Table 1 shows the gross regional product in the
regions of Ukraine for 2004–2016 and calculates
the R-function according to the methodology. It is
believed that chaos (entropy) and order (information,
negentropia) are equal to each other, but are directed
oppositely.

The value of the R-function indicates which
of the information functions prevails in the structure
of the system: chaos or order. When R>1, we have a
predominance in the structure of the system of order,
otherwise, when R<1 is chaos. At R=1, the chaos
and order are balanced, and the structural organi-
zation of the system is equilibrium (synergetic) [3].

Calculations of the R-function based on the
characteristic «Gross Regional Product» in US dollars
have been made according to the same procedure in
accordance with the methodology. According to the
intervals, the value of the R-function can be
concluded that the regions of Ukraine from the point
of view of the systemic development in time on the
characteristic feature – the gross regional product,
each year show the stability of its development in
the relationship and in the system of national
economy. And they do not show the presence of
chaotic development or synergistic development. It
should be noted that the indicators of the R-function
in the hryvnia value are slightly higher than the
R-function in dollar terms. To further characterize
the values of the R-function and their interpretation,
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it is necessary to calculate the intervals of the
permissible values of negentropy and entropy [3]:
Smax; Smin; ²Smax; ²Smin.

The calculation of the R-function and the
intervals of permissible values  †of negentropy and
entropy is just indicative of the existence in the
Ukrainian economy of the proximity to the boundary
of its stability, where loss of predictability is possible.
In the theory of systems, the term «point of
bifurcation» describes the state of the system, when

any small influence can lead to any major changes
in the state of the system.

Calculations of the intervals of permissible
values  †of negentropy and entropy are given in tables
2 and 3.

It is clear from the calculations that the value
of entropy in both cases (for GRP in UAH million
and GRP in US $ million) is within the limits. The
value of entropy (measure of chaos) averages 4.08–
4.22 with the maximum allowable value for both
cases – 4.755, that is, it approaches its maximum
threshold value.

Stepanov V., proposing to use the quantitative
estimation of the conditions of uncertainty by
determining the entropy in the theory of risks in
assessing the projects of ecologization of the
economy, notes that it is obvious that the higher the
value of entropy approaches the maximum threshold,
the greater the level of nonlinearity [6]. He also notes
that increasing the degree of uncertainty about the
manifestations of events leads to an unreliability of
the characteristics and assessments of the systems
and, thus, reduces the validity of management
decisions that are taken on their basis.

The significance of negentropy is within the
normal limits. That is, the system is in the range of
values more prone to the rule of uncertainty, which
is proof of the manifestation of the nonlinearity of
the development of modern regional processes with
their laws. From the interim calculations (mlog2m)
it is evident that statistically the regions such as
Dnipropetrovsk region, Donetsk, Kiev, Kharkiv
regions and Kyiv are being knocked out. However,
the significance of negentropy, which is within the
limits of the norm, does not allow us to conclude
that there is an irreversible dominance of chaos over
the order.

Only in the central interval of domination as

Table  1

Calculation of the R-function by the characteristic
feature «Gross regional product»

Source: Calculated based on data Official site of the State Statistics

Service of Ukraine: http://www.ukrstat.gov.ua/ [5]. * – The

calculation of GRP is based on the average annual value of the

dollar to the hryvnia in the corresponding year of calculation. 1

– Data given without taking into account the temporarily occupied

territory of the Autonomous Republic of Crimea, the city of

Sevastopol and part of the zone of the anti-terrorist operation

Gross regional product, 
UAH million1 

Gross regional product, 
million dollars*  

R-function І S  R-function І S  
2004 3.3609 14.18 4.22 2.7886 11.76 4.23 
2005 3.4451 14.53 4.22 2.8748 12.13 4.22 
2006 3.5302 14.85 4.21 2.9781 12.53 4.21 
2007 3.6718 15.29 4.17 3.1109 12.96 4.17 
2008 3.7559 15.68 4.17 3.1090 12.98 4.17 
2009 3.7202 15.61 4.19 3.0051 12.61 4.19 
2010 3.7835 15.86 4.19 3.0591 12.82 4.19 
2011 3.8245 16.10 4.21 3.1035 13.07 4.21 
2012 3.8827 16.28 4.19 3.1630 13.27 4.19 
2013 3.9221 16.37 4.17 3.1904 13.31 4.17 
2014 4.0446 16.51 4.08 3.0739 12.55 4.08 
2015 4.1160 16.83 4.09 3.0115 12.32 4.09 
2016 4.2042 17.11 4.07 3.0583 12.45 4.07 

 

Table  2

Intervals of permissible values of negentropy and entropy of the R-function on the characteristic feature
«Gross regional product, million UAH»

 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 

Smax 4.755 4.755 4.755 4.755 4.755 4.755 4.755 4.755 4.755 4.755 4.755 4.755 4.755 
Smin 0.0015 0.0012 0.0010 0.0008 0.0006 0.0006 0.0005 0.0004 0.0004 0.0004 0.0004 0.0003 0.0002 

Іmax 18.395 18.750 19.053 19.458 19.854 19.800 20.046 20.312 20.476 20.538 20.597 20.923 21.186 
Іmin 13.642 13.997 14.299 14.704 15.10 15.046 15.291 15.556 15.722 15.783 15.842 16.168 16.431 

 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 

Smax 4.755 4.755 4.755 4.755 4.755 4.755 4.755 4.755 4.755 4.755 4.755 4.755 4.755 
Smin 0.007 0.006 0.004 0.003 0.003 0.004 0.004 0.003 0.003 0.003 0.005 0.005 0.005 

Іmax 15.976 16.340 16.727 17.119 17.151 16.797 17.007 17.274 17.456 17.482 16.630 16.400 16.516 
Іmin 11.228 11.591 11.977 12.368 12.399 12.046 12.256 12.522 12.704 12.730 11.879 11.651 11.766 

 

Table  3

Intervals of permissible values of negentropy and entropy of the R-function on the characteristic feature
«Gross regional product, million dollars»
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an order over chaos, and chaos over the order is
reversed. The value of the R-function for all the
years studied is greater than 1. That is, the entire
system RSES 0 for the production of the gross
regional product, according to the value of the R-
function is a process ordered and rigidly regulated
(we have a rule order in the whole system). The
results clearly demonstrate the orderliness and
stability of the system through state intervention.
That is, the stability of the system, in this case,
depends on state interference, and the system itself
can not be self-regulated. Umanets T., describing
the mechanism of ensuring the economic self-
sufficiency of the region [7], proves that centralized
management of the economy in practice
demonstrated its failure and thus gave impetus to its
improvement and development.

Such a ratio of entropy values close to the
threshold and the value of the R-function, more
than 1, proves the existence of significant regional
development disparities in the system of the national
economy of Ukraine. With an increase in the value
of the R-function in 2015–2016 we have an increase
in the value of negentropy. This means, as if we
were approaching the threshold values of entropy,
in the state economy one could expect a «bifurcation
explosion» and the subsequent dispersal of possible
states of system development. Chaos is an indicator
of adaptation to changing environmental conditions
and preparation for different development options
in the future [8]. Shkrabak I., in studying the strategic
management of the economic development of
territorial entities, notes that chaos is the stimulus
and impetus of evolution and the way out of the
«evolutionary impasse» [8]. At the same time, chaos
is the force of destruction and the power of formation,
which may have a set of different possibilities for
future structuring of the system. Shkrabak I.
emphasizes that the concept of «subject-object of
management» gradually leaves the position and gives
place the concept of self-organization, that is, in
the management comes the period of domination of
the synergistic approach [8].

The tendency to increase non-aggression also
increases the stability and orderliness of the system,
but somewhat discourages the implementation of
various perspectives. That is, for R>1 the system is

ordered, R<1 is chaotic, R=1 is a synergistic system
(self-development). The author of the dissertation
thinks that orderly and chaotic systems are not stable.

Quite successfully describes the corridor for the
development of the economic system researcher
Chimitova A. [9]. It indicates that the development
of the economic system is a transition to a
qualitatively new level and may be accompanied by
degradation, that is, the development and decay of
the system can take place simultaneously, depending
on which process will pass faster, we will get such a
state of the system. Using calculations, one can depict
the corridor for the development of the regional
socio-economic system of the 0th order during 2007–
2016 as follows (Fig.ure).

The phenomena depicted in Figure 1, it
describes as follows [9]. Frustration represents the
destruction of the integrity of the system without
the possibility of reverse development or restoration.
The crisis is characterized as a violation of the
interconnections of the subsystems, the structural
change of the system, the decline of processes of
development and the growth of negative phenomena.

The security threshold is the threshold, which
is the beginning of destructive processes and beyond
which safety comes. Stability is a dynamic balance
that involves economic growth. Sustainability is
characterized by the presence of processes of self-
development, the ability to maintain a stable internal
structural and functional organization.

Bifurcation is an indicator of qualitative
uncertainty, when a single and integral quality
collapses and disappears in the instant, yielding to
the possible new qualities [9].

Thus, ordered systems are not stable for a long
period of time, stability is noted only for a short
period of time, and they are very susceptible to crisis
phenomena. From the study of the dynamics of
Ukraine’s GDP, the cyclical development is evident,
namely, the system’s perturbation is noted in 1995–
1996; 1999; 2009; 2014 years That is, the stability of
such rigidly regulated regional socio-economic
systems is noted only for 5–10 years [10,11].

Conclusions
The performed research and calculations of the

sustainability of systemic development in time on
the characteristic feature of the gross regional product

           

Frustration 
Disintegration 

zone 

Insustaina
bility 

 
 

Crisis 
Crisis 
zone 

Security 
threshold 

Stability 
Safe 

development 
zone 

Sustainability 

Sustainable 
development 

zone 

Bifurcation 

 

Smin = 0,0002–0,0008 Smax = 4,755 R = 1 

Corridor of the development of the regional socio-economic system of the 0-th order during 2007–2016*

(* – author’s presentation by source [9])
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give an opportunity to conclude that the development
of regional economies in time and structure of the
national economy of Ukraine is a process strictly
regulated by the state, which does not correspond to
the main principle of the system – self-development
and contradicts the laws of development market
economy. And regional systems themselves are within
the corridor of a safe level of the system, but they
are not stable for a long period of time.

The synergetic theory, on the contrary, indicates
that the system is self-developed. Ability to self-
development is one of the fundamental properties
of the system. That is, the system must be adaptive
and be within the range of the value of the R-
function, where the rule of both order over chaos
and chaos over the order are mutually reversed. From
the dynamics of the R-function in the hryvnia
equivalents, we see only an increase in state
intervention in the management of the economy.
The dollar equivalent of the R-function also tends
to increase.

Thus, with increasing state interference in the
economic complex of the region there is an increase
in the orderly system with a simultaneous decrease
in entropy, which leads to a delay in the development
of the RSES in the zone of «evolutionary impasse»
and makes it impossible to transition to the concept
of self-organization.
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Ê²ËÜÊ²ÑÍÈÉ ÂÈÌ²Ð Ð²ÂÍß ÅÊÎÍÎÌ²×ÍÎ¯
ÁÅÇÏÅÊÈ ÐÅÃ²ÎÍÀËÜÍÎ¯ ÑÈÑÒÅÌÈ ÍÀ ÎÑÍÎÂ²
²ÍÑÒÐÓÌÅÍÒÀÐ²Þ Ì²ÐÈ ÏÎÐßÄÊÓ ÒÀ ÕÀÎÑÓ

Ôåäóëîâà Ñ.Î., Òþòþííèê Î.Â.

Â ñòàòò³ äîñë³äæåíî ìîæëèâ³ñòü çàñòîñóâàííÿ ³íñòðó-
ìåíòàð³þ ì³ðè ïîðÿäêó òà õàîñó ïðè ê³ëüê³ñíîìó âèì³ð³ ð³âíÿ
åêîíîì³÷íî¿ áåçïåêè ðåã³îíàëüíî¿ ñèñòåìè. Çàçíà÷àºòüñÿ, ùî
³ñíóâàííÿ óìîâ íåë³í³éíîñò³ ðåã³îíàëüíîãî ðîçâèòêó âèìàãàº
äåòàëüíîãî äîñë³äæåííÿ ìåòîä³â òà ï³äõîä³â äî óïðàâë³ííÿ
òåðèòîð³àëüíèì ðîçâèòêîì ç ïîçèö³¿ ñèíåðãåòè÷íîãî ï³äõîäó.
Â ñòàòò³ äîâîäèòüñÿ, ùî äëÿ âèì³ðó åêîíîì³÷íî¿ áåçïåêè ðå-
ã³îíàëüíî¿ ñèñòåìè íåîáõ³äíî çàïðîâàäæåííÿ ïîðîãîâèõ îö³íî-
÷íèõ çíà÷åíü. Àâòîðàìè ñòàòò³ âèÿâëåíî, ùî íà îñíîâ³ áëèçü-
êîñò³ ñòàíó ïåâíî¿ ï³äñèñòåìè äî êîðäîíó ¿¿ ñò³éêîñò³, òîáòî
äî òî÷êè á³ôóðêàö³¿, ìîæëèâî ê³ëüê³ñíî îö³íèòè ð³âåíü áåçïåêè
ñèñòåìè. Ðîçðàõîâàíî êîðèäîð ðîçâèòêó ðåã³îíàëüíî¿ ñîö³àëü-
íî-åêîíîì³÷íî¿ ñèñòåìè òà âèÿâëåíî, ùî ïðè ïîñèëåíí³ âòðó-
÷àííÿ äåðæàâè â ãîñïîäàðñüêèé êîìïëåêñ ðåã³îíó â³äáóâàºòüñÿ
ïîñèëåííÿ âïîðÿäêîâàíîñò³ ñèñòåìè ç îäíî÷àñíèì çíèæåííÿì
åíòðîï³¿, ùî ïðèçâîäèòü äî çàòðèìêè ðîçâèòêó ÐÑÅÑ â çîí³
«åâîëþö³éíîãî ãëóõîãî êóòà» òà óíåìîæëèâëþº ïåðåõ³ä äî êîí-
öåïö³¿ ñàìîîðãàí³çàö³¿ òà íîâîãî òåõíîëîã³÷íîãî óêëàäó. Äîâåäå-
íî, ùî ðîçâèòîê åêîíîì³ê ðåã³îí³â ó ÷àñ³ òà ñòðóêòóð³ íàö³-
îíàëüíî¿ åêîíîì³êè Óêðà¿íè º ïðîöåñ æîðñòêî ðåãóëüîâàíèé äåð-
æàâîþ, ùî íå â³äïîâ³äàº ãîëîâíîìó ïðèíöèïó ñèñòåìè – ñàìî-
ðîçâèòêó òà ñóïåðå÷èòü çàêîíàì ðîçâèòêó ðèíêîâî¿ åêîíîì³êè.
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Ôåäóëîâà Ñ.À., Òþòþííèê Î.Â.

Â ñòàòüå èññëåäîâàíà âîçìîæíîñòü ïðèìåíåíèÿ èíñò-
ðóìåíòàðèÿ ìåðû ïîðÿäêà è õàîñà ïðè êîëè÷åñòâåííîì èçìåðå-
íèè óðîâíÿ ýêîíîìè÷åñêîé áåçîïàñíîñòè ðåãèîíàëüíîé ñèñòå-
ìû. Îòìå÷àåòñÿ, ÷òî ñóùåñòâîâàíèå óñëîâèé íåëèíåéíîñòè
ðåãèîíàëüíîãî ðàçâèòèÿ òðåáóåò äåòàëüíîãî èññëåäîâàíèÿ ìå-
òîäîâ è ïîäõîäîâ ê óïðàâëåíèþ òåððèòîðèàëüíûì ðàçâèòèåì ñ
ïîçèöèè ñèíåðãåòè÷åñêîãî ïîäõîäà. Â ñòàòüå äîêàçûâàåòñÿ,
÷òî äëÿ èçìåðåíèÿ ýêîíîìè÷åñêîé áåçîïàñíîñòè ðåãèîíàëüíîé
ñèñòåìû íåîáõîäèìî ââåäåíèå ïîðîãîâûõ îöåíî÷íûõ çíà÷åíèé.
Àâòîðàìè ñòàòüè óñòàíîâëåíî, ÷òî íà îñíîâå áëèçîñòè ñî-
ñòîÿíèÿ îïðåäåëåííîé ïîäñèñòåìû ê ãðàíèöå åå óñòîé÷èâîñòè,
òî åñòü ê òî÷êå áèôóðêàöèè, âîçìîæíî êîëè÷åñòâåííî îöå-
íèòü óðîâåíü áåçîïàñíîñòè ñèñòåìû. Ðàññ÷èòàíî êîðèäîð ðàç-
âèòèÿ ðåãèîíàëüíîé ñîöèàëüíî-ýêîíîìè÷åñêîé ñèñòåìû è îáíà-
ðóæåíî, ÷òî ïðè óñèëåíèè âìåøàòåëüñòâà ãîñóäàðñòâà â õî-
çÿéñòâåííûé êîìïëåêñ ðåãèîíà ïðîèñõîäèò óñèëåíèå óïîðÿäî-
÷åííîñòè ñèñòåìû ñ îäíîâðåìåííûì ñíèæåíèåì ýíòðîïèè, ÷òî
ïðèâîäèò ê çàäåðæêå ðàçâèòèÿ ÐÑÝÑ â çîíå «ýâîëþöèîííîãî
òóïèêà» è äåëàåò íåâîçìîæíûì ïåðåõîä ê êîíöåïöèè ñàìîîð-
ãàíèçàöèè è íîâîãî òåõíîëîãè÷åñêîãî óêëàäà. Äîêàçàíî, ÷òî
ðàçâèòèå ýêîíîìèê ðåãèîíîâ âî âðåìåíè è ñòðóêòóðå íàöèî-
íàëüíîé ýêîíîìèêè Óêðàèíû ÿâëÿåòñÿ ïðîöåññîì æåñòêî ðåãó-
ëèðóåìûì ãîñóäàðñòâîì è íå ñîîòâåòñòâóåò ãëàâíîìó ïðèí-
öèïó ñèñòåìû – ñàìîðàçâèòèþ, à òàêæå ïðîòèâîðå÷èò çàêî-
íàì ðàçâèòèÿ ðûíî÷íîé ýêîíîìèêè.

Êëþ÷åâûå ñëîâà: ðåãèîíàëüíàÿ ñèñòåìà, ýêîíîìè÷åñêàÿ
áåçîïàñíîñòü ðåãèîíà, ñîöèàëüíî-ýêîíîìè÷åñêîå ðàçâèòèå,
ðåãèîí, ñèíåðãåòè÷åñêèé ïîäõîä.


