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For normal livelihoods, social and economic systems must h
economic stability that ensures their existence and developm
under the influence of various destabilizing factors of the exter
and internal environments. Managing economic sustainability wil
effective if it is based on an objective and reliable assessment. T
purpose of the article is to outline the the simulation of
assessment content of the economic stability of the macroecono
system. Modeling data was provided by official data of Ukraine. T
study object is the simulation process, which involves a sequence
model development for assessing economic sustainability and
application of mathematical methods that led to this assessme
Many scientists, economists and mathematicians solved
assessing economic stability problem, but did not pay attention
its structural content. The complexity of the estimation is provid
by an appropriate system of partial and integral indicators t
reflect the various system properties, taking into account the cau
relationships of these indicators with the influence factors, wh
determines the homeostasis of the internal and exter
environments, and the rating proximity of these indicators to so
structural normative economic change. Sustainability is
prerequisite for its conservation and enforcement. Macrosystem
economic stability if its corresponding structure is maintained dur
the operation period. This basic idea is realized in the mode
process the assessment of the economic stability of
macroeconomic system. It is necessary to determine the dyna
structural standard of the states of economic stability of
macroeconomic system and in relation to it to make mathemat
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convolution of partial indicators on the computation basis of
Spirman and Kendall rank coefficients, and their combination. The
complexity of the mathematical model for assessing economic
sustainability is achieved by taking into account both the general
economic stability level of the macroeconomic system, which is
calculated as a taxonomic indicator of development, and by means
of an economic stability integral indicator structure.

INTRODUCTION
Economic stability is one of the main life conditions of any socio-economic system, regardless
of its management level. Of course, such systems operates in conditions of uncertainty, since it is
under the influence of many factors, both external and internal environments, and their actions
can not be uniquely predicted. Perturbing environmental influences cause deviation of the system
from the equilibrium position. In this regard, an important issue is the stability of the economic
system as a whole. To manage the stability of the macroeconomic system, it is necessary to have
an objective assessment that is multidimensional and multicriteria and takes into account the
structure. An statistical data analysis of the Ukraine economy (Official site of the Ministry of
Economic Development and Trade of Ukraine) demonstrates the need in solving such a problem.
According to official statistics, the change in the macroeconomic indicators in January-March 2019
to the corresponding previous year period was as follows: industrial production -0.9%, gross
agricultural products 3.4%, retail turnover 7.4%, real wages 10, 1%, capital investments 16.4%,
exports of goods and services 7.8%, goods and services imports 7,5%. But, against the growth
backdrop of these key macroeconomic indicators, there are significant negatives, namely:
producers expect the impact of such constraints on the production of factors as a lack of raw
materials and financial constraints, while the shortage effect of labor force will increase. The
negative destabilizing economic sustainability factors include: external environment deterioration,
devaluation processes against the backdrop of complications with the external borrowings
implementation, aggravation of the situation in the east, logistical problems. The globalization
process is complicated by the current financial and political instability and the economic crisis, the
development dynamism of most areas of activity, rigid competition and the variability of the
environment. All this threatens the sustainable development of industrial enterprises and entire
industries. Therefore, to diagnose the macrosystem economic stability only by the indicators levels
is not objective, it is necessary to take into account the dynamics of the processes that occur,
which are reflected in the change rates ratio of key macroeconomic indicators.

1. LITERATURE REVIEW
Ukraine scientists actively studied the economic stability problems, among them it is possible
to distinguish the works of O. Arefyeva (2011), S. Ramazanov (2012), T. Ponomarenko (2016), V.
Ivanov (2010), V. Danilenko (2011), T. Miroshnichenko (2011), V. Margasova (2014), S. Kozlovskyi
(2010), N. Shandova (2014), R. Howarth (2012), E. Stockhammer (1997), L. Hassani (2019). It is
necessary to proceed from the assumption that economic stability is not an end in itself but means
of ensuring sustainable economic growth and raising the level and population life quality.
Therefore, not only the current economy state is important, but also the methods by which it is
achieved: privileges, subsidies for investing in people, in science, in infrastructure, due to the
resources exhaustion of their own development or on the improving basis efficiency of the
economic entities functioning, the competitive environment formation, and more.
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Forces Study of the Ukraine National Academy of Sciences, State Enterprise Institute of Economics
and Forecasting of the Ukraine National Academy of Sciences, National Institute for Strategic
Studies, etc.
But despite a large number of studies, there are currently no analytical grounds for
determining the economic sustainability of an enterprise and its evaluation, taking into account the
structural content. In order to solve these problems, it is necessary to clarify the notion meaningful
nature of economic stability and to form informational and analytical support for evaluation for an
objective determination of its level.

2. DATA AND METHODOLOGY
An important developing component a mechanism for ensuring the macroeconomic system
stability is system indicators development that characterize the state and trends of its change
under the influence of positive and negative internal and external factors. Economic sustainability
is an important characteristic of all economic systems in different management levels. This
characteristic is reflected in the system of partial and integral indicators that characterize various
properties of the system; the causal relationships between these indicators and the factors of
influence determine the homeostasis of the internal and external environment, and the proximity
of the rate of change of these indicators to some structural regulatory economic sustainability is a
condition for its preservation and maintenance.
For a detailed economic stability study it is necessary to analyze its structure. Macrosystem
has economic stability if its appropriate structure is maintained during its operation. To ensure
economic stability, the change pace of its key indicators must comply with some structural
standards. Therefore, in order to determine the integral index of the structure of the economic
stability of the macrosystem, it is advisable to use the method of I. Suroezhyn to determine the
system of indicators of efficiency and quality, based on the idea of the existence of a normative
order of the changes rates in partial indices (Suroezhyn, 1970). In other words, the macrosystem
will have economic stability if the regulatory changes rates ratio to its most important partial
indicators is maintained. Consequently, each macrosystem state is characterized by some
separate structural norm, which is a roraned system of rates of changes in indicators that reflect
the content of economic stability. The formation of this structural dynamic norm should be based
on the laws of the processes development that are characteristic of this or that state. Let's
consider in detail the structural dynamic norm formation of Ukraine economic stability in crisis
conditions.
The well-known Ukraine scientist A. Melnyk characterizing the macroeconomic systems
development, argues that the change rate in average wages (Qaw) should be less than the rate of
change in the volume of industrial products sold (Qps) and, accordingly, the rate of change in
nominal GDP (Qngdp). Only under such conditions will an increase in the rate of change in direct
investment in Ukraine (Qі) (Melnyk, 2014):
Qі> Qngdp> Qрs> Qaw>100 %.
O. Smulov draws attention to the financial indicators, since the growth rate of positive
dynamics of direct investments in Ukraine (Qі) depends on the reduction of the reduction rate of
the country's public debt (Qpd). At the same time, the pace of changes in the foreign exchange
reserves of Ukraine (Qfer) should be higher than the changes rates in the country's public debt and
lower than the rates of change in the volume of industrial products sold (Qps) (Smulov, 2003):
Qі> Qps> Qfex> Qpd>100 %.
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A. Halchynskyi believes that the causes of crises of the world development are low rates of
change in the volume of products sold, which in turn affects a decrease in exports of goods and
services and an increase in imports. Therefore, to get out of crisis conditions, it is necessary to lay
strength to increase the rate of change in the volume of sales (Qps) over the rate of change in
exports (Qe) and the import of goods and services (Qim) and the rate of change in government debt
(Qnd) (Halchynskyi, 2009):
Qps > Qnd > Qе> Qim >100 %.
According to I. Otenko in an era of crisis, a positive factor contributing to the acceleration of
exit from his influence is an increase in the rate of change in average salary (Qas) with a
simultaneous decrease in the rate of change in wage arrears (Qwa) (Otenko et al., 2007):
Qas > Qwa >100 %.
The leading scientist in modeling and methodology for the sustainable development of the
economy of Ukraine S. Ramazanov argues that the growth in dynamics is lower than the ratio of
the rates of change in public debt of the country (Qnd), the volume of industrial products sold (Qps)
and the ratio of changes in nominal GDP recorded above (Qngdp) and direct investment (Qi) in
Ukraine reflect a positive trend in the development of the enterprise (Ramazanov et al., 2012):
Qі> Qngdp > Qps > Qnd >100 %.
O. Lynnyk draws attention to the rate of change in the unemployment rate (Qur) and what the
increase in the rate of change in average salary (Qas) depends on their decrease, according to the
scientist (Lynnyk et al., 2013):
Qas > Qur >100 %.
Based on the analysis of scientific and practical literature on the ratio of the rate of change of
economic indicators, the structural dynamic norm of economic sustainability of Ukraine in crisis
conditions was substantiated, presented in Table 1.
Table 1. Structural standard of economic sustainability of Ukraine in crisis conditions
Private indicator of economic sustainability
Direct investment in Ukraine (Qi)
Nominal GDP (Qngdp)
Volume of industrial products sold (Qps)
Gold reserves of the country (Qgr)
National debt (Qnd)
Exports of goods and services (Qe)
Imports of goods and services (Qim)
Average salary (Qas)
Wage arrears (Qwa)
Unemployment rate (Qur)

Rank indicator in the standard
1
2
3
4
5
6
7
8
9
10

Source: Melnyk, 2014; Smulov, 2003; Halchynskyi, 2009; Otenko et al., 2007; Ramazanov et al.,
2012;Lynnyk et al., 2013.

In fig. 1 shows the dynamics of the basic indices of macroeconomic indicators included in the
structural standard (Table 1), while the basis for the calculation was 2007.
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Figure 1. Dynamics of basic indicators of the main macroeconomic indicators of Ukraine
Source: http://me.gov.ua

According to fig. 1 the largest change compared with the base period has suffered the
indicator of public debt of the country (Qnd), namely in 2017 it reached a record high of 40%
compared with the base year 2007. The reason for this phenomenon is an increase in government
spending without a corresponding increase in government revenue; the impact of political business
cycles; cyclical downturns and automatic stabilizers of the economy; tax cuts to stimulate the
economy without a corresponding reduction in government spending. The dynamics of a number of
macroeconomic indicators are also not at the best - changes such as direct investment in Ukraine
(Qi), nominal GDP (Qngdp), volume of industrial products sold (Qps), gold and foreign exchange
reserves of the country (Qgr), and exports of goods and services (Qe), the import of goods and
services (Qim) indicates that despite the fact that from a base year (2007) from a few to ten years,
key macroeconomic indicators, which should grow, have not undergone a significant increase, is
negative th event in the life of the state. In general, it is difficult to talk about the economic
sustainability of the country, based on the analysis of the dynamics of the basic indices of the main
macroeconomic indicators of Ukraine (Kosianchuk, 2011).
Often the level of economic sustainability is calculated using generalized or integral indicators.
Since the concept of economic sustainability is complex and requires a systematic approach to its
definition, its value cannot be measured with the help of some generalizing economic indicator.
Consequently, the level of economic sustainability should be determined by constructing an
integral indicator. The most common methods for calculating integral indicators in economics are
based on the additive and multiplicative complete folding of a system of particular indicators, as
well as special mathematical methods such as the taxonomic method for constructing an integral
development indicator and the Harrington quality indicator. It is known that the system of private
indicators allows for in-depth study of the elementary features of an object in economics, and a
reduction of one magnitude using a mathematical method synthesizes the general characteristic of
this object. Undoubtedly, the convolution of particular indices into one magnitude can be
accomplished by various mathematical methods, namely: factor analysis, canonical correlations,
multidimensional scaling, cluster and discriminant analyzes, that is, multidimensional statistical
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Lyudmyla M. Malyarets, Igor O. Barannik, Lyudmila O. Sabadash, and Pavlo O. Grynko /
Montenegrin Journal of Economics, Vol. 14, No. 3 (2019), 23-35

analysis methods, as well as using heuristic methods for reducing dimensionality (Ponomarenko et
al., 2009). But these methods perform an incomplete reduction of the characteristics of an object
in the economy; their use can significantly reduce the number of signs, but in the aggregate there
is always more than one sign.
When constructing integral indicators in the economy, it is advisable to use the
recommendations of F. Borodkin and S. Ayvazian for the development of social indicators (Borodkin et al., 2006). They recommend the use of unified scales, which make it possible to turn
individual indicators into a dimensionless scale (Borodkin et al., 2006). They claim that the
unification of the scale is its transformation (transfer of origin and change of scale), as a result of
which the area of 0 ; N , possible measurement values, where N is always limited to the
segment where the number is assigned and indicates the span of the new scale. At the same time,
the zero value (origin) of the transformed indicator should correspond to the lowest quality of this
property, and the value equal to the highest quality – N . They also believe that the specific choice
of a unified transformation depends on which of the three types the indicator being analyzed
relates to. A separate indicator can be associated with the synthesized quality of a monotonously
increasing dependence, a monotonously decreasing or non-monotonic dependence.





F. Borodkin and S. Ayvazyan (2006) recommend: if the dependence monotonously increases,
the value of the corresponding unified variable

x  xmin
~
x
N
xmax  xmin

where

~
x is determined by the formula:

xmin , xmax is the smallest and largest value of the indicator, respec-

tively; if the dependence is monotonously decreasing, the value of the corresponding unified variable

x x
~
x is determined by the formula : ~
x  max
 N ; if the dependence is nonmonotonic,
xmax  xmin

the value of the corresponding unified variable

~
x is determined by the formula:



x  xоpt
~
 N .
x  1 
 maxxmax  xоpt , xоpt  xmin 


The problem in these transformations is the establishment of

xmin , xmax , xоpt , which is possi-

ble thanks to a substantive rationale, according to the model, according to the existing standards.
The Harrington method belongs to this group of mathematical methods that construct an integral
index. Indeed, the Harrington method has been successfully applied in various fields of human
activity, particularly, in economics. This method provides in-depth knowledge of the economic object essence for which the integral indicator is calculated, and the transformation function is

yij  e e

 xij

, where

хіj  is the value of the economic indicator.

Moreover, the authors of this article modified the Harrington transformation function for different cases of trends in the values of economic indicators. For two-sided asymmetrical trends in the
values of an economic indicator, the following conversion functions are recommended:
 xij  ai 


3

100 e  bi ai  , if xij  ai , bi  ai ,
yij  
2
 xij  ai 

3


c
a

100 e  i i  , if xij  ai , ci  ai ,
2
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Where

ai , bi , ci are the reference values: ai - the best value of the indicator xij at which

the conversion function reaches the highest value of 1 (100%);
ue of the indicator

xij

bi , ci bi  ci - unsatisfactory val-

(on opposite sides of the best), at which the conversion function takes on a

value not more than 0.05 (5%). If the change in the values of an economic indicator has a symmetrical tendency, the type of conversion function is simplified

ai 

bi  ci
2

yij  100  e

 xij  a i
 3
 bi  a i






2

, herewith

. If the change in the values of an economic indicator is monotonous, that is, it either

increases or decreases, then a monotonic conversion function of the logistic function type is recommended:

yij 

100
1 e



xij  pi

-, where

qi is the value of the index xij at which the conversion

qi  pi

function takes on a value not less than 0.95 (95%);

pi is the value of the index xij at which the

conversion function takes a value of 0.5 (50%) (Ponomarenko et al., 2009).
In this method, complexity arises in the process of constructing a scale of indicators` transformations, defining the main points of indicators` phase changes, defining individual transformation functions, and defining a generalized transformation function.
To another group of integral indicators calculation methods in economics we can consider the
V. Pluty method that construct a taxonomic indicator of development. Despite the widespread criticism of this method, it is the most popular in the applications that calculate the integral indicators
in the economy. The basic idea of this method is as follows:




definition

of

stimulants,

disincentives,

nominating

X  xij , i  1, m, j  1, n , where i is the indicator is for the

among

economic

j period or in the j object;

the formation of the standard according to the criterion MiniMax;

 xij  xi 
n



standardization of indicators:

Z  zij  ; zij  xij  xi , x i  1  xij , i 
n

i

n

2

j 1

n

j 1

1



indicators

;

m
2
1
convolution of the values in the integral indicator: d j    z ij  z i 0 2  ; d   d j ;
n j 1
 i 1

1
2
n
d
  d ; s d   1  d j   2  ; d    asd ; a  3 ; d    asd ; I j  j ; I *j 1  I j .
d
 n j 1


n

The value of the integral index is in the range from 0 to 1. The closer the value of the integral
indicator to 1, the higher the level of development of the given economic object for which this integral indicator is calculated. Repeated application of this method in solving real problems in economics allows the author to conclude that when reference values of individual indicators are
formed according to the MiniMax criterion, an integral or relatively low value of the integral indicator relative to generally accepted standards will always be obtained, since features of a separate
set of objects are reflected in the value of this indicator. If the reference values are formed theoret29
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ically, taking into account the existing conditions, standards, etc., then according to the computational scheme of this mathematical method, there is still a link to the numerical characteristics of
the totality of objects. This is a big disadvantage of this method. But a rather simple computational
algorithm of the taxonomic indicator of development led to its choice as a method for constructing
an integral indicator of the economic sustainability of an enterprise.
The third group of mathematical methods for calculating integral indicators in economics consists of methods, that imply the use of fuzzy sets methods. V. Anfilatov (2003), V. Borysov (2007),
S. Sveshnikov and V. Bocharnikov (2007), N. Yarushkinoi (2004), A. Payman (2018), A. Ttianni
(2019), H. Bachev (2016), L. Malyarets (2014), L. Synytsia (2010) and other famous experts on
the theory of fuzzy sets devoted their works to substantiation of such calculating integral indicators
methods in economics. It is known that Professor N. Yarushkina gives 5 ways to implement a generalizing fuzzy logical conclusion in the theory of fuzzy sets (Yarushkina, 2004), and in fact 5 different approaches to the development of an integral indicator based on fuzzy sets. The first approach
is based on the Mamdani algorithms (Mamdani), the de-amplification is modeled by the minimum,
and the aggregation - by the maximum, the minimax composition of fuzzy sets is used. Each next
step of the algorithm receives as input the values of the previous step.
The input receives quantitative values - the output of the same quantitative values. At the fuzzification stage, the values are fuzzy, the degrees of truth are determined, that is, the values of the
membership functions for the left-hand sides of each rule (peredposilan). Fuzzy inference is implemented as follows: first, the cut-off level for the left part of each rule is determined, then the cut
functions of membership are found. The next stage of the Mamdani algorithm is the composition of
the obtained cut functions. And the last stage is the defuzzification process - bringing the data to
clarity, for example, using the average center method. The second approach is based on the Tsukamoto algorithm. The initial prerequisites are the same as in the Mamdani algorithm, but it is
believed that the membership functions are monotonic. The third approach is based on the algorithm of judgments (Sugeno), while it is believed that the right parts of the inference rules are represented by linear functions. The fourth approach is based on the Larsen algorithm, where a fuzzy
implication is modeled using a product operation. The fifth approach is based on a simplified fuzzy
inference algorithm, where the source rules are given in the form: if X  Ai and Y  Bi , then

z  Z i where Z i is a clear number.

The general procedure for developing an integral indicator based on fuzzy sets is implemented
in the following stages (Yarushkina, 2004): 1) formation of a rule base; 2) phasing; 3) aggregation
of totals; 4) activation of preliminary findings; 5) fuzzy inference; 6) defuzzification. But all analysts
know the truth, namely, for metric (clear) values, to apply mathematical methods of convolution of
attributes in economics, which are measured on metric scales, and for nonmetric (fuzzy) values mathematical methods of convolution of signs, measured in nonmetric scales.
So, using the method of developing taxonomic development indicator for the main macroeconomic indicators characterizing the economic stability of Ukraine, we have the dynamics of this
integral indicator, shown in Figure 2.
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Figure 2. Dynamics of the integral indicator of the general level of economic sustainability (ID) Ukraine
Source: http://me.gov.ua

According to the results of integral estimate of Ukraine economic stability common level (figure
2), it can be affirmed, that from 2000 to 2017 this index decreased the most twice – in 2009 and
in 2014. Such state was caused not only by negative effects of internal factors, but also of the
external ones. To be exact, the global financial crisis was one of the main reasons. The repeated
decrease of common level of economic stability in 2016 was expressly caused by internal factors
of national development. That the reason is an insufficient effective consumer demand can be
proved by the fact, that final consumption spendings of Ukraine population, which had reduced
almost by one third in 2014-2015, only increased by 4,6% in II Q of 2016. It is not enough for renewal of consumer demand in the domestic market. However, despite the difficult situation in the
country (a low level of technical and process equipment, inflation processes etc.) a marketable
product was being output and almost all of it was being realized. Since the beginning of 2010 the
low economic growth takes place in Ukraine. It can be explained by economical stabilization of the
country. A new tranche from the International Monetary Fund was favourable to it some way, but
taking into account a fact, that Ukraine has to pay an external debt and internal debts and that
gold and foreign exchange reserves did not increase, but stayed on the level of former years, so its
amount was not enough for solving all the problems of Ukraine economy.

3. APPLICATION OF THE MODEL
For detailed study of economic stability it is necessary to analyze its structure. A country has
the economic stability, if the conformable structure of this stability remains unchanged during
runtime. For economic stability the rates of changes of its most important indexes have to pass
certain structural standards. So, the I. Suroezhyn method of the definition of the system of performance and quality indexes should be used to define integral index of economic stability structure.
This method is based on the idea of the existence of normative order of rates of changes in partial
indexes (Suroezhyn, 1970). In other words, the economic stability will be guaranteed in country, if
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the normative proportion of the rates of changes of its most important indexes remains unchanged.
The evaluation of integral index of economic stability structure of macrosystem on various
stages will make possible to estimate the reserves of its providing.
The starting data for evaluation of integral index of economic stability structure is a matrix of
basic rates of changes of these 15 most important indexes, which describe this stability during the
where qij  index of ‘I’ factor in ‘j’ year. The first
exploration period, in other words, Q  qij

 

1510

year of a whole exploration period should be taken in the quality of basic year. On the basis of this
matrix, a matrix of ranks is constructed G  g ij 
, and the first rank is assigned to the high15  10

est value of the index. By using the matrix of ranks we should evaluate Spearman's

( rc j ) and

Kendall`s ( r j ) correlation coefficients:
N

rc j  1 

N

6 d ij
i 1
2

mm  1

, where

d ij  pij  ei ; r j  1 

4 sij
i 1

mm  1

, where

d ij  pij  ei ; sij

the

number of inversions for ‘I’ factor for its dynamic structural standard;
Integral index of the structure of economic stability of the enterprise is calculated using a formula:

Is j 
where

1  r 1  r  ,
 j

c j

4

I s j  0, 1 and the more the value of integral index is close to 1, the more the structure of

the rates of changes of the most important indexes of economic stability is ordered and the closer
it is to the standard. Figure 3 illustrates the dynamics of integral index of economic stability structure of Ukraine in 2008-2017, which was calculated by a described algorithm.
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Figure 3. Dynamics of integral index of economic stability structure of Ukraine (Іс)
Source: http://me.gov.ua
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As you can see from Fig. 3 starting from 2014 the structural changes, which provide the economic stability of the country, started to have a positive increasing trend, that was directed to increasing of economic stability of Ukraine. The reasons of sizeable decrease of integral index of
economic stability structure in 2009 were disbalance of interconnected proportions of changes in
the main macroeconomic indexes, namely, the level of inflation was increasing in the country
ahead of schedule. The correlation between the rates of changes in the main macroeconomic indexes, that characterize the country's economic stability, has improved somewhat since 2014.
Establishing the correct proportions in changing the structure of the economy contributed to the
growth of the export potential of the country, albeit at the expense of products from the agricultural
sector, the food and pharmaceutical industry.

4. FURTHER CONSIDERATIONS AND DISCUSSION
The assessment of the objectivity of the level of economic stability of the macroeconomic system depends on the structural dynamic norm of this stability. On this subject, it can be debated a
lot, but it is objectively recognized that there are regular variations in the structure of macroeconomic systems, which are reflected in the correlations of the rates of changes of the main macroeconomic indexes, that characterize them. Of course, taking into account the different states of
economies of different countries, the structural standard of economic stability of individual countries should be their own. Argumentation of the structural norm of economic stability of a separate
macroeconomic system is a big labor-intensive research. To manage the economic stability of the
macroeconomic system, we must know the acceptable deviations of optimal parameters that provide this stability. These parameters are also different for different macroeconomic systems, but
they can be found on the basis of solving a multicriteria optimization problem.

CONCLUSIONS
Thus, modeling the economic stability of the macroeconomic system taking into account its
structure is an objective basis for assessing the level of this stability. Such models are the basis for
developing of various programs for managing in order to provide the development of a country in
future. The proposed models allow to take into account the regularities in the economy and to determine the level of economic stability of an adequately real state. It provides a comparison of the
economic stability of different systems both in statics and in dynamics.
The application of mathematical models of economic stability, taking into account the dynamic
structural standard, allows us to diagnose and monitor the development of a particular country and
to predict its scenario in a short term for adaptation to various destabilizing factors of the internal
and external environment.
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