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Abstract

Current trends in the socio-economic development of the world community have predetermined a
close relationship between the parameters of the dynamics of national economies and their struc-
tural proportions. Changes in the quantitative proportions and the qualitative state of the world
economy as a system determine the trend in the dynamics of the sectoral structure of the national
economy. Despite the post-industrial nature of the development of countries with market economies,
the source of their structural changes remains domestic economic growth, which is caused by the
redistribution of capital and labor in high-tech manufacturing industries. Therefore, the purpose of
this study is to formulate a general scheme for the correct assessment of the secondary sector of the
Ukrainian economy based on the possibility of using analytical generalizations. The object of research
is the structure of the types of activities that form the secondary sector of the national economy. The
dynamics of this sector is largely determined by price characteristics. Therefore, in the analysis of
reproduction processes, structural proportions associated with different price elasticities are taken
into account. Since the basis for the formation of the price of products is the cost of their production,
and the quantitative proportions of the economy determine the setting of new strategic goals, the ar-
ticle traces the dynamics of the relationship of zones and states of balanced indicators that reflect the
activities of an industrial group as one of the forms of business organization. Reduction of dynamics
indicators to one base allows them to be compared at all levels of generalization of data and to track
trends that more accurately reflect the real state of the secondary sector of the national economy.

Keywords secondary sector of the economy, dynamics of structure,
comparative analysis, price characteristics, industrial group,
balanced scorecard, management process
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OCHOBU AHAJIITUYHOI OLIHKK
BTOPMHHOIO CEKTOPY EKOHOMIKU

AHoOTAaLiA

CydJacHi TeHJeHIii COIiabHO-eKOHOMIYHOTO PO3BUTKY CBiTOBOTO CIIiBTOBApMCTBA BU3HAUMIN
TiCHMIT 3B’SI30K MapaMeTpiB AMHAMIKM HAl[iOHAJTbHUX €KOHOMIK i IX CTPYKTYPHUX IIPOIOPIIiil.
3MiHM KiTbKiCHUX TIpoTOpIiit i AKiCHOTO cTaHy CBiTOBOI €KOHOMIKM AK CHMCTeMN, BM3HAYAIOTh
TPEeHJ, [MHAMiKi CEKTOPA/bHOI CTPYKTYpM HAlliOHAa/IbHOI €eKOHOMikMu. Hespaxarounm Ha
MOCTIH/lyCTpia/IbHMII ~ XapaKTep PO3BUTKY KpaiH 3 PUHKOBOI €KOHOMIKOW, IDKEpEoM
iX CTPYKTYpHMX 3MiH 3aJMIIAETHCA BHYTPIIUIHI €KOHOMIYHMII picT, AKUI BUKIMKaHMUIA
IIepeposIOo/iIoM KaIiTaly i mpaui B BUCOKOTeXHO/IOTiuHi ranysi nepepo6noi mpomucnosocti. Tomy
MeTa JAHOTO JOCIiKeHHA - GOPMYBaHHs 3aTraIbHOI CXeMV KOPEKTHOI OL[iHKY BTOPMHHOTO CEKTOpa
eKOHOMIKM YKpaiHV BUXOAAYM 3 MO>K/IMBOCTI BUKOPUCTAHHA aHAITUYHMX y3aranbHeHb. O6’eKToM
HOCI/PKEHHS € CTPYKTypa BMAIB HiANbHOCTI, fAKi (GOPMYIOTH BTOPMHHMII CEKTOP HAIlliOHaIbHOI
eKOHOMIiKM. [IMHaMiKy JaHOTO CeKTOpa B 3HAYHIll Mipi BU3HAYalOTh 1IiHOBi XapaKTepucTuKu. Tomy
IIpY aHasisi BiATBOPIOBAJIbHYUX INPOIECiB BPaXOBaHi CTPYKTYPHI HMpOIOPpIii, OB’ A3aHi 3 pisHOO
1[iHOBOIO eacTnyHicTI0. OCKiNKM OCHOBY POPMYBaHHA LIiHY Ha IPOAYKIIiI0 CTAHOBJLATD BUTPATY Ha
ii BUPOOGHNUIITBO, @ KiNbKIiCHI MPOMOpIIii EKOHOMIKM BU3HAYAI0Th IIOCTAHOBKY HOBMX CTpaTeriyHNX
1iisIell, B CTATTi HOCII/PKEHO AMHAMIKY B3a€MO3B 3Ky 30H i CTaHiB 30a/1aHCOBAaHOCTI MOKAa3HMUKIB,
[0 Bif0OpaXkaloTh AiANBHICTD iHAyCTpianbHOI Ipymm, sIK OfHiEl 3 ¢opM opraHisarii 6isHecy.
[TpuBeneHHA MOKA3HUKIB AMHAMIKIM O OIHi€l OCHOBM JO3BOJIAE IMPOBECTH iX 3icTaB/IeHHA Ha BCiX
PIBHSAX y3araJbHEHHs JJAHUX i BifCTeXXUTH TeH/eHIii, AKi Oi/IbII TOYHO BiZOOpPA’KAIOTh peanbHIMIt
CTaH BTOPMHHOIO CEKTOPA Hal[iOHA/IbHOI EKOHOMIKIH.

BTOPMHHMI CEKTOP €KOHOMIKM, IMHaMiKa CTPYKTYpH,
MOPiBHAIbHMIA aHA/Ii3, L[iHOBi XapaKTepUCTUKM, IHAyCTpiaibHa
IpyIa, CUCTeMa 36aTaHCOBAaHNUX IIOKa3HUKIB, IPOLleC YIPaB/IiHHA
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INTRODUCTION

The economic system of any country is heterogeneous in composition. The heterogeneity of the system is deter-
mined by its structure and regularities that this structure reveals. In the study of structural patterns of economic
development, the three-sector theory of Fisher and Clark became widespread. The sectoral structure of manage-
ment is based on the combination of common features that allow the segmentation of the economic system. The
essence of the theory of sectoral development is to increase the final product of the economic activity of all sectors
of the economy.

Different sectors of the economy make a different contribution to the increase in the country’s national product.
The predominance of the secondary sector in the economy determines the industrial nature of its development.
This sector is characterized by both a decrease in dependence on the conditions of extraction of natural resources
and an increase in the importance of industrial innovation and the qualification of labor resources.

Under the prevailing conditions of the development of the world market, the economic growth of the national
economies of many countries was determined both by the availability (or receipt) of cheap resources and by the
expansion of foreign markets. The consequence of this is the formation of the specifics of the development of na-
tional economies. But, at the same time, the specifics of the national economy lead to a limitation of the involve-
ment of national resources in the global economic turnover.

Therefore, the level of socio-economic development of both an individual country and the world economy as a
whole determines the development of such managerial actions that, based on the interconnection of indicators
characterizing the dynamics of changes in the national economy and its structural proportions, will allow iden-
tifying imbalances in the scale of global and national economies to obtain final results.

1. LITERATURE REVIEW

The issues of structural changes in the economy are reflected in the works of Mandibur, Geyts, Kolomoytsev,
Khomenko.

Ensuring economic growth and the process of integration into a single global market are factors that determine,
in modern economic conditions, long-term trends in economic development. The combined influence of these
factors ensures the growth of industrial production. This position is reflected in the works of Stiglitz, Zveryakov
(2017), Khojayan, Prushkovskaya (2013).

In countries with a developed system of market relations, the source of structural changes is the growth of the
country’s economy, which is caused by the redistribution of capital and labor in high-tech industries with higher
added value, which increases the level of competitiveness of these countries. Based on the fact that the basic ele-
ment of reproduction in the economic cycle is the production of goods, the most diversified industry, which con-
tributes to innovative changes in the industry, is engineering.

Such scientists as Bartashevska, Vasyuk, Danylyshyn, Dovgan, Zarichna (2019), Kolisnyk, Lobach, Malashchuk,
Sokolova (2019), Tarasova, Chumakova, Shapurov, etc. were engaged in the study of the development of the engi-
neering in Ukraine and its analytical evaluation.

Economic growth in engineering can realize the economies of scale and manage production costs. The cost man-
agement process reflects the existence of a common scheme of the relationship of the results of production and
economic activity by business entities. The works of domestic scientists are devoted to these issues: Butynets,
Golov, Mnykh, Savchenko, Sopka, Chumachenko, Zborovska, Lebedev, Partyna, Pylypenko, Tsymbalyuk are de-
voted to these issues. Cherep, Bocharova, Lotova, Hovhannisyan, Svystun (2017), Stoyanova, Chuchulin, Shevtsiv
(2016), as well as foreign scientists: Britton, Rain, Skown, Holt, Horngren, Foster.

2 http://dx.doi.org/10.21511/ed.19(4).2020.01
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Despite the sufficient level of a solution to these issues, the existing system of analytical assessment of the second-
ary sector of the economy in the conditions of development of the engineering industry needs further elaboration
taking into account the requirements of today.

2. AIMS

Aims to form a general algorithm for the study of the secondary sector of the economy under the conditions of
compliance with the rules of analytical generalizations.

3. METHODS

The theoretical and methodological basis of the study was the fundamental provisions of systems theory, sectoral
development theory, and probability theory, research of domestic and foreign scientists on the analysis of the
sectoral structure of the economy.

To achieve the goal set in the work, the following general and special scientific methods were used: methods of
analytical generalizations - for structuring and systematization of theoretical and practical material; economic
and statistical methods - to determine trends in the development of engineering enterprises; probability theory
- to study the states of the balance system of balanced indicators; method of analysis of hierarchies - for compara-
tive analysis and formation of the general block of indicators on components of system of the balanced indicators;
rationing - to bring all indicators to one dimension; data visualization - for a visual representation of the results.

4. RESULTS

The unevenness of the economic development of countries and the effectiveness of their integration into world
space are determined by the modern theory of global transformations (Khodzhayan, 2008). The interdependence
of economic growth and structural transformations is a complex process that can only be tracked in dynamics
and implemented through the interconnection of structural elements of the system. The form of arrangement
of elements of the system with a certain independence and the ability to self-regulation, defines the concept of
structure. Then, given the specifics of the development of the national economy, the structure acts as both a result
and a prerequisite for economic growth, and transformation reflects the regularities of changes in the economy.

The sectoral structure of the economy is not static. It involves the relationship of each subsequent sector with the
previous one. Moreover, to obtain the final result, each sector works at the expense of the previous one. The ab-
sence of this relationship or the exclusion of any of the sectors leads to a decrease in the importance of the national
economy and the loss of its competitiveness.

The existing unevenness and multidirectional change in the sectoral structure of the economy of Ukraine are
consistent with global trends. The global transformation of the world economy has led to a rethinking of the role
of industry in the structure of the national economy because, in the reproduction process, most states use the
production of goods as a criterion of economic dynamics. “Strengthening the dependence of the country’s econ-
omy on the external conjuncture, slow improvement of reproduction proportions in the structure of the industry,
insufficient differentiation of production, low adaptability to changing the structure of the needs of the domestic
market and an insignificant share of high-tech industries” (Prushkovskaya, 2013) determine the current state of
national industry.

In the study of the sectoral structure of the national economy, the industry remains the dominant component of
the secondary sector.

http://dx.doi.org/10.21511/ed.19(4).2020.01 3
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Let’s consider the dynamics of structural changes by sectors of the economy of Ukraine for 2012-2018. This pe-
riod is of interest from the standpoint of periodization of time series (State Statistics Service of Ukraine, n.d.),
built taking into account the cyclical dynamics of socio-economic processes both in the world and in the national
economy. To simultaneously monitor the dynamics of existing processes and achieve comparability of the studied
indicators, we use 2012 as a comparison base.

The sectoral structure of the national economy reflects both the quantitative proportions of the development of
the market structure of the economy and the qualitative characteristics of its changes. Based on the fact that the
number and size of enterprises, initially determines the quantitative characteristics of economic development,
and the qualitative changes include patterns of structural changes, we will conduct a comparative analysis of
macroeconomic indicators characterizing the general state of the economy based on that the main source of GDP
growth - the resulting added-value.

The main reason for the change in the share of industrial production in GDP is the determination of value-added
by costs. Let’s track the dynamics of structural changes in this indicator by sectors of the economy (Table 1).

Table 1. Dynamics of structural shifts in the Ukrainian economy by sectors of the economy

Source: Calculated by the authors (State Statistics Service of Ukraine, n.d.).

Characteristics of the dynamics of the share of value-added cost by sectors of the economy

i : Deviation, % Leading coefficient, times
Period :
: Deviation by sectors of the economy

secondary - primary : secondary -tertiary @ secondary -primary @ secondary - tertiary
2012 #4614 450 L
2013  +138 .44 1086 1081
2014 +62 439 41006 1029
2015  +30 434 4465 1029
2016 41141 ~16.3 1.241 11.047
2017 +120 —178” %1182' %1.083 """""""
2018 +110 —204” 51219' 51.159 """""""

Analysis of the basic characteristics of the dynamics showed that for the study period, the share of value-added
by costs in the secondary sector of the Ukrainian economy has an ambiguous outstripping trend compared to
the corresponding indicator of the primary sector. Concerning the tertiary sector of the economy, a similar but
inverse trend is observed. Nevertheless, the ratio of the share of value-added to costs in the secondary sector of
the economy compared with the primary is characterized by a decrease in the speed of this indicator by an av-
erage of 4.53%. The ratio of the relative characteristics of the dynamics by sectors of the economy allowed us to
conclude that, concerning both the primary and tertiary sectors, the secondary sector is characterized by am-
biguous dynamics. Thus, the growth rate of the share of value-added costs in the secondary sector was ahead of
the corresponding indicator of the primary sector for the period from 2014 to 2016. The leading coefficient for
this period had a steady trend from 1.006 times to 1.241 times, respectively. Outrunning of the secondary sector
over the tertiary sector in the considered indicator took place in 2014 and 2015 by 1.029 times, respectively. The
presented dynamics of the value-added indicator testifies to the process of de-industrialization of the Ukrainian
economy, but so far, at its relative level.

The considered relationships give a general description of the development of the national economy and do not
fully reflect the structural proportions. For quantitative and qualitative analysis, it is of interest to consider the
contribution of manufacturing to the secondary sector of the economy according to the indicators discussed
above.

Based on the fact that the market structure is quantitatively described by the number and size of the enterprise,
and value-added is considered as an indicator characterizing current trends in the development of the economy,
let’s consider the characteristics of the dynamics of these indicators in the manufacturing, as the main activity of
the secondary sector of the economy (Table 2).

4 http://dx.doi.org/10.21511/ed.19(4).2020.01
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Table 2. Dynamics of structural shifts in the manufacturing of Ukraine

Source: Calculated by the authors (State Statistics Service of Ukraine, n.d.).

Characteristics of the dynamics of indicators in the manufacturing industry
Deviation, % : The growth rate (decline), % :

Pertod specific gravity coefflifi:(rj'nlt??imes
business entities value-added @ business entities value-added
2012 - 100 100 R
2013 +0.08 -3.27 Jfo012 194.94 05
2014 4269 +085 f0and 101.30 103
2015 +2.02 +4.16 103.10 106.43 1.03
12016 +2.48 —2.42 10382 196.25 1.08
2017 +1.57 +2.99 102.41 104,62 102
2018 +0.65 +3.71 {10100 105.74 :1.05

Based on the analysis of Table 2, the share of business entities of manufacturing industries in the secondary sec-
tor of the economy, as well as the value-added indicator for the study period did not change significantly. Their
variation was 2.69% and 6.98%, respectively. The specific gravity of the business entities has unstable, but positive

dynamics, then the specific gravity of value-added has changed ambiguously over the entire period of the study.
So,1in 2013 and 2016, this indicator decreased by 3.27% and 2.42% compared to 2012, respectively, and in 2017 and

2018 there is an increase in the share of value-added by 2.99% and 3.71%. The use of the relative characteristics of
the dynamics confirms the unstable and ambiguous trend over the years in outstripping the growth rates of these

indicators. Nevertheless, the growth rate of the share of value-added outstripped the growth rates of the share of
business entities in 2015 and for 2017 and 2018 by 1.03 and, -1.02 and 1.05 times, respectively. This situation indi-
cates that despite the structural redistribution between sectors of the economy, the importance of manufacturing

in the development of the secondary sector of the economy remains.

The noted trends in the value-added indicator in the manufacturing also confirm the process of de-industrializa-
tion of the national economy. The relative nature of existing trends is also evidenced by a slight variation in the
indicator of the volume of sales (Figure 1).

120,00
100,00 1143 1.49 1.30 119 1.15 1.08 1.06 1.22
80.00
£ 60,00
40,00 -
20,00
0,00 : : . . . . .
2012 2013 2014 2015 2016 2017 2018 2019
Vears

Water supply; sewerage waste management and remediation activities
m Electricity, gas, steam and air conditioning supply
m Manufacturing
B Mining and quarrying
Source: Calculated by the authors (State Statistics Service of Ukraine, n.d.).

Figure 1. Dynamics of the structure of the volume of industrial products sold by types of activity in
Ukraine, %
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Based on the fact that the material basis of the economic cycle in a market economy is determined by the produc-
tion of goods in kind and value terms, and the different sides of the market and the dynamics of macroeconomic
indicators are reflected by the state pricing policy, it is advisable to conduct a comparative analysis of the producer
price index of industrial products and the index of industrial production (Table 3).

Table 3. Dynamics of basic price characteristics for the industry of Ukraine

Source: Calculated by the authors (State Statistics Service of Ukraine, n.d.).

Characteristics of dynamics

Period By industry : By manufacturing
Industrial ¢ Industrial producer Industrial " Industrial producer price index
production index price index . production index
T Gaag s Gy
79.41 1292 76870 1680
69.80 A 66.73 135.08
72.52 11820 oo 70.40 8
72:50 12089 e 74.00 12045 e
LA 182 e 76.31 L
2009 ...i14.32 10039 79.70 988l

As can be seen from Table 3 during the study period, the growth rate of the producer price index was ahead of
the growth rate of the industrial production index both as a whole and in the manufacturing industry. If for the
period from 2012 to 2016 the rate of change of this ratio was higher for the manufacturing, then from 2017 - for
the industry as a whole. It is an interesting fact that 2016 is the year with the lowest specific gravity (60.83%) of the
share of manufacturing in total industrial production, and almost the same values of the above indicators. That is,
in general, it can be argued that 2016 reflects the real state of the manufacturing, taking into account the impact
of prices. The analysis of the ratio of leading coeflicients of price characteristics showed that the speed of leading
of prices in comparison with production output for the period from 2012 to 2016 on the industry was ahead of the
corresponding indicator on the manufacturing in the range from 1.064 to 1.074 times. Whereas since 2017, there
has been a reverse trend in the ratio of these indicators, the range of change of which varied from 1.03 times in
2017 to 1.09 times in 2019 (Figure 2).

o
L

[

1.5 / —

1
0.5
[} T T T T T T 1
2013 2014 2015 2016 2017 2018 2019
Vears

—+—Leading coefficient by industry —»—Leading coefficient by manufacturing

Source: Authors.

Figure 2. Dynamics of the ratio of leading coefficients of price characteristics in the industry of
Ukraine
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Since value indicators are formed as the product of quantity and price, and in analytical practice, it is important
to highlight the impact of each factor on the final result, let’s will conduct a comparative analysis of the dynamics
of output and sales, as well as the producer price index and value-added growth in manufacturing. The analysis
(Figure 1-2, Table 2-3) showed that for the entire period of the study, the rate of change of the industrial produc-
tion index is higher than the rate of change of the share of manufacturing enterprises. This is a positive, though
not unambiguous in time, moment in assessing the development of this activity. The minimum value of this in-
dicator was observed in 2013 and was 1.18 times, the maximum - in 2015 (1.46 times). The rate of change in the
index of industrial production was clearly, albeit slightly, higher than the rate of change in the share of sold prod-
ucts. It can be stated that the manufactured products found their consumer. Throughout the study period, the rate
of change of the producer price index was higher than the rate of change in the share of value-added, which once
again confirms the effect of price variation on indicators characterizing the level of development of this activity.

The most progressive structuring industry in the manufacturing is engineering. Since engineering determines
the possibility of implementing an innovative component in the value-added of goods and services, consider the
characteristics of its dynamics (Table 4).

Table 4. Dynamics of relative characteristics of engineering development in Ukraine

Source: Calculated by the authors (State Statistics Service of Ukraine, n.d.).

The volume of engineering products in the total The growth rate of the . -
Period volume of manu acturing, % volume of lndustrlal Leadlng coefficient,
; products sold in : imes
specific gravity ; growth rates ; engineering, %

2012 ;16.13 - - -

2013 13.93 86.36 8116 1.06

2014  11.28 :169.93 ;7252 :1.04

7207157 o 10.12 62.74 82.02 7777777777777777 1.31

2016  :10.01 :62.06 ‘934 1.51

2017 :10.34 :164.10 G 1.87

2018 211.07 68.63 14849 2.16

2019 1177 172.97 :133.83 :1.83

Analysis of Table 4 indicates a reduction until 2017 of the share of engineering products in the total volume of
manufacturing products in Ukraine. But, since 2018, there has been an increase in this indicator by 5.6%. A
comparative analysis of the growth rate of the share of engineering products with the growth rate of sales in this
industry showed outstripping growth trends of the latter indicator. Despite the decrease in the specific gravity of
engineering products compared with 2012, the growth rate of the volume of industrial products sold in engineer-
ing is ahead of its specific gravity in the range from 1.04 to 2.16 times. This fact confirms that the development of
engineering, even at its existing pace, remains in demand in the structure of the national economy.

A comparative analysis of the dynamics of the volume of industrial products sold by types of activity is presented
in Figure 3.

In the context of globalization, the economic limit for achieving the growth of the national economy is obtaining
superprofits. One of the options for diversifying sources of profit, concentrating financial resources on the most
necessary areas, increasing management mobility is to create modern forms of business organization - financial
and industrial group.

In the Kharkiv region, the industrial group “Ukrainian Industrial Energy Company” (UPEC) was created.
UPEC is a holding-type structure that unites several engineering enterprises: Kharkiv Machine-Tool Building

Plant, PJSC (Kharverst, PJSC); The Kharkov Electrical Engineering Plant “Ukrelectromash” (HELZ); Kharkov
Bearing Plant (HARP); Lozova Forging-Mechanical Plant (LKMZ); The Ukrainian Casting Company (ULK).

http://dx.doi.org/10.21511/ed.19(4).2020.01 7
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140,00
120,00 s »ﬁag\
100,00 ‘;.y/

80.00 \

=
60,00
40,00
20,00
0,00 T T T T T T T 1
2012 2013 2014 2015 2016 2017 2018 2019
years
—+—industry  —#—mamufacturing engineenng

Source: Authors.
Figure 3. Dynamics of structural characteristics of the volume of industrial products sold, by
Ukraine’s industry

Distinctive features of this industrial group are that: the activities of all enterprises are associated with engineer-
ing and metalworking; they have various areas of production activity, producing mass, serial and unique (one-
time) products, and also provide production services; belong to the category of medium and large enterprises.

Let’s analyze the activities of UPEC for the previously allocated period. To take into account the influence of price
characteristics when comparing the dynamics of cost and consumer value of manufactured products, we will
conduct a comparative analysis of the growth rate of the volume of products sold by UPEC with the growth rate
of the producer price index of engineering products (Table 5).

Table 5. The dynamics of the comparative assessment of UPEC

Source: Calculated by the authors (State Statistics Service of Ukraine, n.d.).

) The growth rates,v% Leadin
Period The producer pgﬁgéng&)‘( of engineering  : the volume OGBEOgUCtS sold by coefﬁcient,?imes
B e T T
2013 107.91 60.00 1.80
2014 116.02 35.07 3.31
2015 119.92 50.02 .24
2016 ....110.06 70.26 1.57,
2017 ... 11045 10112, 1.09
2018 I8 106.49 1.06,
2019 :100.29 :67.04 :1.50

Analysis of Table 5 showed an unambiguous leading the growth rate of the producer price index of engineering
products compared with the volume of products sold by UPEC. However, the speed of price changes does not pro-
vide a high level of competitiveness of products. The presented situation is more legitimate in reflecting the real
state of the development of engineering.

8 http://dx.doi.org/10.21511/ed.19(4).2020.01
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The lower price limit is production costs. The determination of the relationship between costs and the result of
economic activity reveals a regularity that will ensure both the stability of the system at any level and stimulate
a change in its structure. Based on this, let’s consider the activities of UPEC from the standpoint of effective cost
management.

The effectiveness of the management process is determined by the current system of interrelated or coordinated
indicators that are aimed at obtaining a greater final result with a possible minimization of costs. The use of a bal-
anced scorecard (BS) as an analytical base (Naumova, 2011) made it possible to determine the coherence of zones
and the state of balance to form a cost management strategy. Based on the practical experience of experts, con-
sistency of the essence of the problem and the variant of the requirement for its solution was achieved: achieving
more efficient development of enterprises based on cost analysis by the components of the BS. The normalization
process allowed us to combine indicators on the components of the BS into zones (negative zone: 0 - 0.33; neutral:
0.33 -0.67; positive: 0.67-1) and to trace the relationship of zones and states (Table 6).

Table 6. Dynamics of integral indicators for the components of BS UPEK

Source: Calculated by the authors.

‘ Enterprise
The comgonents : ~—Kkh P " : :
of BS . Period pse " HELZ ~  HARP LKMZ : ULK
Financial 2012 030 038 10.35 023 039
;2019 033 o .....023 0.3 018 033
Markein 2012 033 032 10.39 038 040
9 2019 ) 033 030 029 033 034 3
Strategic decisions 20120380 o 2:29 050 048 . 949 L
’ 2019 030 .02 030 03 04
Innovation and 2012 2015 .....018 016 o7 .00
investment (2019 0S5 1013 015 04 00
i : Unbalanced : Unbalanced : Unbalanced i i
Thestateofthe 20> negative  negative neutral Unbalanced neutral  Unbalanced neutral
enterprise : ‘ Unbalanced ‘ Balanced ‘ Balanced ‘ Unbalanced ;
: 2019 : neutral i negative i negative i negative : Unbalanced neutral

Based on the data table 6 it follows that in 2019, the BS of UPEC enterprises changed its condition for the worse
for all enterprises except Kharverst and ULK. In 2019, the BS of the ULK enterprise remained in the same zone
and condition as in 2012, but the integral indicators decreased in terms of the components of the system. BS of
the Kharverst enterprise moved from a negative zone to a neutral one, while maintaining a state of imbalance. The
transition to the neutral zone was facilitated by an increase in the integrated indicator for the financial component.

HELZ and HARP enterprises have reached a balanced scorecard, however, for all the components of the system,
the indicators are in the negative zone, which indicates a deterioration in their financial condition.

As an element of managerial decision making, contributing to the improvement of the financial and economic
situation of enterprises, the possible options for transition indicators from one zone to another were considered.

For Kharverst, it is advisable to leave the BS similar to the state of 2012. To ensure a way out of the negative zone
in terms of the constituent elements of strategic decisions and innovation and investment, it is necessary to de-
velop a strategy for the development of production activities taking into account the possibility of increasing own
financial resources, primarily by reducing the rate of increase in production costs and expanding sales markets.

It is advisable for HELZ and HARP enterprises in this situation to focus their efforts on developing a strategy
aimed at transition indicators from the negative zone to the neutral one to stabilize their activities. A significant
drop in sales volumes was associated with filling the market niche with cheaper and, at the same time, lower-
quality foreign goods. Under the current conditions, a way out can be found by revising the range of products,
reducing the rate of increase in production costs, and finding new markets. A negative development option is the
liquidation of enterprises.
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The decrease in the integral indicator for the component of strategic decisions of the BS facilitated the transition
in 2019 of LKMZ enterprises from the neutral zone to the negative. A return to the neutral zone is possible: by
expanding the effectiveness of motivational measures, which will increase the component of strategic decisions;
decrease in the growth rate of production costs, which will positively affect both the financial and innovation-
investment component.

UPEC enterprises are the main consumers of ULK products. Thus, the deterioration in the overall financial con-
dition of UPEC enterprises directly affects the corresponding integral characteristics of the ULK. Under the cur-
rent conditions, it is not possible to change the state of the BS of the ULK.

5. DISCUSSION

The main goal of the analytical work is to obtain accurate and comparable data. Even within the same sector of
the economy, diverse information on qualitative characteristics is used, which forms a system of indicators. From
an economic point of view, a comparative analysis of indicators is possible in terms of value. But cost implies the
influence of prices on the final result of economic activity. To eliminate the influence of prices, it is necessary to
use constant prices. But their use is possible if, over some time, the same product is considered, the quality and
price of which remains constant. At the same time, for unstable economies, the chain method is mainly used
when tracking the price characteristics of macroeconomic dynamics. It assumes the existence of different periods
and different count basis in time for comparative analysis.

Comparison of price indices by aggregated levels is possible under the following conditions (Yeliseyeva, 2020):

« absence of structural shifts within the product group in the period that is selected for comparison;
« absence of errors in the calculation of price indices for previous periods.

Fulfillment of even these basic conditions is not real in practice. The ability to carry out a comparative analysis
gives the reduction of indicators to one basis. The obtained characteristics of the indicators are the basis both for
the formation of correct conclusions and for making informed management decisions.

CONCLUSION

The stages of development and the quality of the economic system are determined by the proportions between its
elements. Analysis of the structure of the national economy, carried out through the ratio of the individual ele-
ments of the subsystem, reveals the qualitative characteristics of these proportions, and the assessment of struc-
tural shifts - the features of changes in proportions in dynamics.

The correctness of the analytical assessment of the relationship between the individual subsystems is achieved by
the availability of comparable information. Comparability should be understood as the unambiguity of the infor-
mation source, the time base of comparison, and the system of estimated characteristics.

So, the use of data only from the statistical service of Ukraine made it possible to achieve unambiguity of multi-
level assessments of the study through the relationship: the secondary sector of economy - manufacturing indus-

try - mechanical engineering - a form of business organization in mechanical engineering.

The emphasis on cost indicators in assessing this relationship rightly determined their attribution to the main
reason for the change in the share of production of a product produced.

Considering the price as the lower limit of production costs and as a tool to influence its result was the basis for
choosing a method for effective cost management.

’| O http://dx.doi.org/10.21511/ed.19(4).2020.01
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Consideration of the BS as an analytical base made it possible to identify options for the consistency of zones and
states of balance in order to form a cost management strategy at machine-building enterprises.

The presence of inconsistency in the collection, processing and subsequent aggregation of indicators reduces the
accuracy of the research and, as a result, the formation of conclusions that reflect the real situation.

It is possible to achieve comparability of information in the most general approximation on conditions that the
indicators under consideration are reduced to one basis. This approach is a prerequisite for analytical assess-
ment. It will allow to compare the indicators characterizing the activities of an enterprise as an information base
for assessing the structural proportions at a higher level of aggregation.
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SUSTAINABILITY OF A FIRM’S
MARKET STRATEGY

Abstract

The work is focused on solving a set of problems related to the functioning of the enterprise (firm)
in a competitive market environment. The stability of the firm in market conditions is determined
by the ability to optimally manage available resources, effective planning for timely promotion of
new products, the ability to adequately respond to challenges posed by sudden changes in market
conditions. An important factor in achieving economic stability of the enterprise is the presence
of the internal concept of self-development, which combines two main functions - marketing and
management system (management). In this article the methodology of economic and mathematical
modeling of a market condition of firm as process of interaction of functions of marketing and man-
agement has received the further development. A model is proposed, which is built in line with the
paradigm of economic synergetics and is a system of two nonlinear ordinary differential equations.
It is proved that in this situation the classical linear principle of superposition loses its relevance and
does not allow the application of the traditional apparatus of econometric analysis. Therefore, the
most important for the implementation of the practice of economic forecasting is the construction of
areas of stability of the equilibrium of the firm. According to the results of the study, the emphasis is
placed on the need to develop criteria for the proximity of system parameters to the dangerous limits
of loss of stability by the firm, during the transition through which the economic system changes its
dynamic mode catastrophically. A key place in the work is given to determining the parameters of cy-
clic processes, indicating the amplitude, frequency and nature of the stability of periodic trajectories.
The presented results of numerical modeling have practical value and can be used for the analysis and
forecasting of parameters at separate stages of the corresponding periodic modes of functioning of
the enterprises with various types of stability.

firm stability, competitive market, marketing, management, limit
cycle, self-oscillations, bifurcation
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CTIMKICTb PUHKOBOI
CTPATETIT ®IPMMU

AHoOTAaLiA

Pobora opieHTOBaHAa Ha BHUPIIIEHHSA KOMIUIEKCY Npo6rieM, IOB’SA3aHMX 3 (yHKIOHyBaHHAM
mignpremcrBa  (pipMu) B yMOBaX KOHKYPEHTHOTO PUMHKOBOro cepepmoBuiia. CrifiKicTh
¢dyHkIionyBaHHA (ipMM B PUHKOBUMX YMOBAaX BU3HAYAETHCA MOXJIMBOCTAMMU ONTHMATbHOTO
YIIpaB/IiHHA HAABHUMU pecypcaMy, epeKTVBHIM IJIAHYBaHHAM LI0J0 CBOE€YACHOTO IIPOCYBAHH:A Ha
PMHOK HOBOI TPOAIyK1lii, yMiHHAM a/leKBaTHO pearyBaTy Ha BUK/IMKIM, 1[0 IOPO/KYIOThCsl PalITOBUMU
3MiHaMM PUMHKOBOI KOHIOKTYpU. Ba>knmBuM (pakTOpOM [JOCATHEHHS eKOHOMIYHOI CTabilmbHOCTI
IiJTIPMEMCTBA € HAABHICTb BHYTPilIHbO(iPMOBOI KOHIIEMIIii CAaMOPO3BUTKY, 1110 HOEAHYE B OO ABi
OCHOBHI (QyHKIIil — MapKeTMHIY i cucTeMM yIpaBaiHHA (MeHeIKMeHTY). Y HaHill cTaTTi oTpyuMana
MOfIa/IbIIMI  PO3BUTOK METOJOJIOTiA  €KOHOMIKO-MaTeMAaTMYHOTO MOJEMIOBAHHA PUHKOBOTO
crany ¢ipMu, AK mporecy B3aeMofiil (YHKIIN MapKeTMHTY i MEHEeI)XKMEHTY. 3alpOIIOHOBAHO
MO[JIeNb, SIKY II0OYNOBAHO B PYC/Ii IApafUIMy eKOHOMIYHOI CHHEPIeTUKI i ABJIs€ COO0I0 CHCTeMy
[BOX HENMiHIMHMX 3BMYAHMX JudepeHiianbHuX piBHAHB. [loBefieHO, 110 B 3as3HAueHill curTyamii
K/IACUYHMIA JIHIAHMIA OPUHLUII CyNEepHO3uILil BTpavya€ CBOKI aKTYa/IbHICTh, Ta He [O3BOJIAE
3aCTOCYBATH TPAAULIIHUII amapar eKOHOMETPUYHOro aHamidy. ToMy HailOinbul iCTOTHUM IS
peasisanii IpaKTUKY eKOHOMIYHOTO IIPOTHO3YBaHH:A € HOoOy/oBa 06/macTeil CTIIKOCTI MOIOXKEHb
piBHOBaru ¢ipmit. 3a pesyabTaTaMu FOCTIKeHHs 3p06/IeHO aKI[eHT Ha HeOOXiTHOCTI BMPOOIeHHs
KpUTEpiiB O/IM3BKOCTI MapaMeTpiB cucTeMM 0 Hebe3lmeyHNX MeX BTPATU CTiMKOCTi dipMoto, Ipu
mepexoyii depes sAKi €KOHOMiuHa cCyUCTeMa 3MIHIOE CBill AMHAMIUHWMII PeXMM KaTacTpoidHuM
uyHoM. KitfoyoBe miciie B po6oTi mpupieHo Bu3HAYEHHIO MAapaMeTpiB LUKIIYHUX INPOLECiB i3
3a3HaYeHHAM aMIULITYAM, YaCTOTH i XapaKTepy CTiIKOCTi epiofu4Hux TpaekTopiit. IIpencrapneni
Pe3yNIbTaTU 4MCEeNbHOTO MOJeMIOBAHHA MalOTh NPAKTWYHY IHHHICTD i MOXKYTb OYTU BUKOPMCTaHI
/1 AHAi3Y i IPOTHO3yBaHHA IIaPaMEeTPiB Ha OKPEeMUX eTallaX BiJIIOBiTHMX NEePiOANIHMIX PEXXUMIB
(YHKIIOHYBaHHS MIIIIPUEMCTB 3 PI3HUMU TUIIAMMY CTiIKOCTI.

CTIMKICTD (ipMM, KOHKYPEHTHUIT PUHOK, MapKETIHT, MEHEPKMEHT,
TPaHVYHMII [IVIK/L, aBTOKOJIMBAHHA, 6ipypKaiiis
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KaouoBi c/10Ba

Knacudikauia JEL
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BCTYN

TonoBHMMM PpakTOpamMu PyHKIIIOHYBaHHA MiANPUEMCTBA y Cy4aCHUX YMOBAaX € HasIBHICTb HeOOXiTHUX pecypciB,
KBaJIipiKOBaHMX yIpaB/iHIiB, Cy4acHMX 3ac0o0iB BUPOOHUIITBA, IPOTPECUBHOI TeXHO/IOTil Ta KOHKYPEHTHO-
cipoMoyxHOI mpoayKuii. CTiliKicTh GyHKIIIOHYBaHHSA MOETHYETHCA AK 3 HEOOXI/IHICTIO ypaXyBaHH:A JUHAMIKM
3MiH 30BHIIIHBOTO PUHKOBOTO CEPEOBIIIA, TAK i 3 MOX/IMBOCTAMMY Oi/bll e(heKTVBHOTO yIIPaBliHHA pecypcaMm
HiIpMEMCTBA Ta aCOPTMMEHTOM BMITYCKY NpOAyKIii. IcHye HmM3Ka dakTopiB Ta 3aXOfiB, fKi [JO3BONAIOTDH
HifinpueMcTBaM 3abe3nevyBaTy HeOOXiTHY AMHAMIUHY CTifiKicTh. Tpeba BigsHAYNTY iHHOBALiNIHY Jis/TBHICTD
y HaIpsAMKY YIOCKOHa/IeHHA BUPOOHMYOI TeXHOOTII /I 3MeHIIIeHHA HaJIMIIKOBMX BTPAT, CTBOPEHH: HOBOI
HpoAyKUil Ha BiJIIOBIJHOMY PMHKY, BUBYEHHs HOBUX IOTpPe0 MOKYILIB 3 ypaxyBaHHAM JAeMOrpadiuHux,
coIlia/IbHUX, EKOHOMIYHUX Ta NOMITMYHNX 3MiH Y iep>KaBi i y cBiTi y 1ji/ToMy, BU3HaYeHH s epeKTUBHOTO po3Mipy
HiIPMEMCTBA 3 TOYKM 30pPy PMHKOBUX IOTpeO, po3pobKa cTparerii i TAKTUKU aKTMBHOTO MPUCTOCYBaHHS
JI0 BUMOT IIOIIMTY MOTEHIINIHMX CIOXNBaYiB 3 MeTo cTabinisarnii abo po3mmpeHHs YacTKM MiJIPUEMCTBA Y
PUHKOBOMY CE€pelOBMIIL.

dinancoBa criiikicTb mignmpueMcTpa (dipmu) 3abesnedyerbcs GYHKLIOHYBAaHHAM Yyciel cucTeMy eKOHOMI4HOT
isUIBHOCTI, Halli/IeHO0 Ha aIalITalliio 10 OYAb-sAKMX 30BHIIIHIX BUK/INKIB Ta CTBOPEHH S CTpaTerii cCaMOpPO3BUTKY
3a paXYHOK B/IacHOI iHiljiaTMBHOCTI. TaKoXX po3I/IsAf MpobmeMy CTIIKOCTI NiAPUEMCTB He € MOXK/IMBUM 6e3
ypaxyBaHHA 4aCOBUX 3MiH, AKi XapaKTepyU3yIOTb IMHAMiKy po3BUTKY GipMU B yMOBaX PMHKOBOTO CEpeOBHIIIA.

1. JITEPATYPHUIN O /144,

[TpobneMy CTifiKOCTi MigIIpMEMCTBA, ii OL[iHKYM Ha OCHOBi CUCTeM) eKOHOMIUHMX HMOKa3HMKIB HOCTi[KyBamn
BYeHi pisHuX KpaiH cBity. Hacammepen, Tpeba Bigznauntu Mmonorpadii Xonra [5], bakanosa [1] Ta IToptepa [9],
fie BUK/IafleHi TeOpeTUYHi 1 MeTOAMYHI 3acafiy Ta MifIXOAY IO K/IOYOBMX IUTAHb BUIEO3HAYEHUX IIPOLECIB.
Cepeq BITYM3HSIHUX [JOCTIHUKIB 3BepPTAIOTh Ha cebe yBary npani Tkadosoi [11], Kononenko [7], Cucoepoi
[10], B AKuX mocmimxeHO (HAKTOPU CTIMKOCTi MPOMMUCIOBUX HifNIPMEMCTB 3 MO3MIiI KOHKYPEeHTHMX IIepeBar
B yMOBaX fii cyyacHUX PMHKOBMX BigHOcuH. ¥ crarti T'opueeBa [2] cdopmynboBani o3Hakm cTabimbHOCTI
HiIPMEMCTB B yMOBaX KOHKYPEHTHOI OOpOTBOM sIK CK/IAfOBI NMUTaHHS eKOHOMiyHOI AuHaMiku. [laHa
npobnemMaruka focmigKysanack y crarti Knebanopoi ta iu. [6] i mpaui ['yp’siHoBoi [3] 3a omoMororo MeTomomorii
€KOHOMETPMYHOTO aHai3y 3 BifJIOBiZHMMM acClIeKTaMM IIPOLeCiB MOfIeTIOBaHH .

Crij 3ayBaXkuTH, 1J0 B YCiX BuUIlle3a3HaUeHMX HAYKOBUX IPAlsX IIPefiCTaBIeHO JOCTATHI 00CAT eMIIipyyHOTrO
Marepiany i3 3a3Ha4eHOi TeMU OCTiIXKEeHH, ajle IPAKTMYHO € BiICYyTHIMM BiINIOBiHI MaTeMaTU4Hi MOJiei, AKi
IPUCTOCOBAHI JI/I aHaJIi3y CTiMKOCTi AMHAMIiYHUX IPOLECIB B €EKOHOMIYHMX cHUCTeMaX. SIK BUHATOK, MOXKHa
HasBaTu cTarTio Ky3Henosa i ®ipcakoBoi [8], ne HaBeeHa Mofe/b HeliHiTHOI B3aeMoAil pyHKIIiiT MEHE[[KMEHTY
Ta MapKeTMHTY Y YacoBoMy npocTopi. IIpencraBiennit MaTeMaTHYHMII allapaT B OKPEMUX ACIIEKTaX OTPUMaB
HOfla/IbLINI pO3BUTOK y Bopownina [12, 13].

2. META AOC/IAXKEHHSA

ITonArae y oTpMMaHHi 3a JOIIOMOTOX0 METOMIOJIOTiI TeOpii AMHAMIYHMX CUCTEM YMOB IIapaMEeTPUYHOI CTiIKOCTi
Mogieni AisinbHOCTI pipMM 3 BU3HAYEHHAM MeX fK Oe3leyHNUX TakK i HeOe3NeuHUX pe>XXMMiB QyHKIIiOHYBaHHS
JOCITiI>KYBaHOTO 00’EKTY.

3. METOAM AOC/IAKEHHSA

Y po6OTi 3aCTOCOBYETHCS METOROJOTiSl MOCTI[KEHHS CMUCTEM HeTiHiIHOI [AMHAMiKM, KOHLENTYaJlIbHO
OpieHTOBaHa Ha BUKOPUCTAHHSA MTAPaUTMI eKOHOMI4YHOI crHepreTuku [14].

4. PE3Y/IbTATH

CraH mignpuemcrBa (bipMy) Ha CHOXMBYOMY PUHKY BM3HAYA€THCA AKICTIO IIAHYBAaHHA MapKeTVHIY Ta
e(eKTMBHOI CTPYKTYPOIO BHYTPIIIHBOTO YIpaBIiHHA HignmpueMcTBoM. KepiBHMITBO ¢ipMy HOBMHHO dac
Bifl 4acy Ieper/isjiaTu CTpaTerii MapKeTMHIY CBO€l HpopyKILii abo peopraHi3oByBaTy CUCTEMY HPUITHATTS
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YIpaBIiHCBKMX pillleHb, HATTALITOBYIOUNCH Ha JOCATHYTHIT piBeHb afjanTaiii pipMu o pUHKOBOTO CepefoBUILa
(BI/IMB KOHKYPYIOUMX CTPYKTYp, 3MiHa COIia/IbHO-eKOHOMIYHMX Ta IONTITUMYHUX YMOB Y CYCIi/NbCTBi Ta
MiKXHapoAHii apeHi i T. A.). 3BM4aiHo, KepiBHMITBO dipMu ife Ha ui Aii TIIBKM y TUX BUIIAfIKaX, KO BOHO
BIIEBHEHO Yy CTIfKOCTi cTaHy ¢ipMu Ha CIIOXMBYOMY PUHKY. SIKIIO PUHKOBAa KOHIOHKTYpa CK/IaJa€ThCs
HECHPUATIMBUM YMHOM i cTaH QipMy BTpavae CTiMIKiCTh, TO aKTYa/JbHOIO CTa€ IpobeMa MPOrHO3YBaHHSI
MaliOyTHiX piBHOBa)XHUX cTaHiB pipmMu. BuHrKae nuTaHHs - 060B’13K0BO Oyzie cTallioHapHNII CTaH PiBHOBAru
ab0 peami3yeTbcs CTIMKUI LUKIIYHMIT peXXUM? B OoCTaHHBPOMY BMIQ[IKy MOXXe BifiOyTMCS TakK, IO CTYIiHb
apanranii gipMu 1o cuTyanii, ika CK1azacs Ha puHKY, 0y/ie SMiHIOBAaTUCS Y PeXKMMi aBTOKO/MBaHb, IEPiOANYHOTO
PYXY BiJHOCHO IIOYaTKOBOTO, 3a/IMILIEHOT0 Y MIHY/IOMY, CTalliOHApPHOI'O PiBHOBaKHOT'O CTAHY.

[Ipunyctumo, 1m0 AisNBHICTH (ipMM Ha CIOXKMBYOMY PUHKY BU3HAYA€ETbCs JBoMa OyHKuiamu: x(t) -
XapaKTepUCTUKA PiBHA afanTalii JO PMHKOBOI CHUTYyalii, 3a/Jle)KHOI Bifi NMPUMHATOrO IUIAHY MApKETUHTY
(pyHKLis MapKeTMHIY y IOfanbLIOMY BMKIafdi); y(f) - € XapaKTepPUCTUKOI YIPABIiHCBKOI CTPYKTYpH,
BHYTPilIHbOIPMOBOTO MeHEI)KMEHTY, sKa BM3HAYa€ piBeHb KOPIOPATMBHOI 3TypTOBAHOCTI KepiBHMI[TBA
Ta CHiBpOOITHUKIB ipMM [ HOCATHEHHs 3aranbHOQipMoBOi MeTu (PYHKILisA MeHEeIKMEHTY). 3pOoCTaHHsA
abcomoTHNX 3Ha4YeHb |x| i |y| o3Havae, BigmOBigHO, OCKIEHHs cTaHy (ipMu Ha puHKY (ycIix Ta peasnisaiis
TAaKTUYHOTO Ta CTPATETiYHOTO IUIAHiB MapKeTMHIY) ab0 3piCT piBHSA KOPIIOPATMBHOI 3rypTOBaHOCTI (Bhama
yIpaBlIiHCbKa CTPYKTYpa), a CIAfiaHHs LUX 3MIHHUX - HOC/TableHHs No3uLiil QipMyu Ha CHOXMBYOMY
PUHKY (HeBaja peanisallisg TaKTMYHOTO i CTpATerivHOro IUIaHIB MapKeTMHIY) abo BTPaTy KOPIOPaTUBHOI
3rypTOBAHOCTI (30ypeHHs BHYTPilIHbOGIPMOBUX KOHTIKTIB).

[IpunmycTuMo, mo IWBUAKICTH 3MiHM (yHKUil MapkeTwHry Xx(f) BM3HAYaeTbCA 3BOPOTHOIO peaKIi€r0
KepiBHMIITBa GipMM Ha PMHKOBY CUTYalil0 Y BUIISAAL IPUHATTS YIPaBIiHCbKUX pillleHb 3apafii BUKOHAHHS

1 J— : b . .
IUTaHy MapKeTUHTy f. =V,X Ta peaKui€io SBOPOTHOTO SBA3KY, IO AB/IAE C000I0 CTYIiHb B3a€EMO3aJIeXKHOCTI
(dYHKIIi MEHe[PKMEHTY i MapKeTUHTY fy =v,y . Toxi maemo fudepentianbHe piBHAHHA:

X=Vx+Vv,y, o))

fie v,v, - BifHOCHI mapamMeTpy QyHKIIiit MAapKETUHTY Ta MEHEJKMEHTY Bif[TOBi/[HO. 3 IPUBOJIy MAPKETMHIOBOTO
napameTpy v,, Tpeba BifsHaumTH, 1m0 Komu v, < 0, Le BifmoBifae cTpaTerii opieHTalii Ha TpapuuiiiHy, AKa
KOPUCTYETBHCS CTabiIbHUM IOINUTOM NMPOAYKILil pipMy 3 BuBeleHHSIM Ha PUHOK il He3HAYHMX Momydikariit.
B obnacri v, > 0 3pocTaHHA 3HaYeHb IIbOTO MAPAMETPYy BM3HAYAE iHINY CTpATerilo BMBEJEHHS y PUHKOBE
cepenoBulle sIKicHO HOBOI Mopudikauii mpogykiii gpipmu.

. . . . . . 1_
Hai, mBuaKicTs 3MiHeHHA GYHKIII MeHeIPKMeHTy J(f) BUBHAYAETHCA paHilie BBefieHo0 GyHKIiew f, =V,y
i KiZbKiCHOI XapaKTepUCTUKOW iHeplii yHpaBaiHCbKMX pillleHb (CTyIeHeM 3alli3HIOBaHHS peakljii Ha HMX
. . . . 2 . .
cniBpobitHukiB gipmu — 7 =—y-exp(-a-y), a Takox OyHKIi€eo 06MexeHb, MOBA3AHNX 3 OLIHKOI
. . 2
KepiBHUITBOM BipMIL PUHKOBUX YMOB — f,” = —X-eXp(—/ - X), TaK1M YMHOM:

y=v,y—exp(—a-y)—xexp(-f-x), a=0,52=0. )

Bubip Takoi popmu 3anncy QyHKIii fy2 Ta f, 06yMOBTEH Uit HACTYTHUMM O6CTaBUHAMML. UMM BUIle piBeHb
KOPIIOPAaTUBHOI 3TyPTOBAHOCTI KePiBHMUIITBA Ta CIiBPOOITHUKIB (a>0), TMM MeHIIIe Iie BIIMBAE Ha HeOOXiIHICTD
3MiHM QYHKLIl MeHemXMeHTy. Bumajmok o=0 BifmoBifjae MaKCHMajabHOMY CTYIIEHIO HEY3TO>KEeHOCTI
NpUIIMAEMUX KepiBHMLITBOM (ipMy pillleHb peanbHMM [isM CHiBpOOITHMKIB, 1[0 HOTpebye CyTTEBOI
nepeOyLoBM CUCTEMU IIPUIHATTS YIIPaBIiHCBKUX pillleHb. YuM Kpalie peanbHuil ctad GipMy Ha CIIOKMBYOMY
puHKy (>0), TMM MeHII Iie BIIMBA€ HAa HEOOXiTHICTb 3MiH QYHKII MeHeKMeHTY. Y Bunajky =0 mae Micie
CUTYallis HeBiAMOBi{HOCTI OLiHKYM KepiBHMIITBOM ¢ipMu ii peasbHOrO CTAaHOBMINA HA PUHKY, 1[0 6€3yMOBHO
notpebye KapAMHATBHIX 3MiH cucTeMM yIpaBninus ¢ipmoro. [Jani y HacTynmHOMY BUK/Iai Oy/ieMo po3IyisafaTu
TaKi 3HaYeHHs IapaMeTpiB «, f3, /I AKMX HPUITYCTUMI Hab/MM>KeHi piBHOCTI:

exp-a-y)=1l-a-y, exp(-fx)=1-f-x. 3)
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Y takoMy Bumanky gudepennianpi piBHAHHA (1) i (2) 3 ypaxyBaHHAM piBHOCTeN (3) CKIaJal0Th HACTYIIHY
CUCTEMY HeNMiHITHNX AndepeHIiiaIbHUX PiBHAHb:

X =VX + v,Y,

- 2 2

y=—x+(v,-)y+B-x’+a-y’.

Skmo niBi wacTuHM (4) HOPIBHIOIOTH HY/IIO, TO JIETKO OTPUMMATM JABa OCOONMBUX pillleHHS CUCTeMMU
nudepeHIiaTbHNX PiBHIHB:

@

* O * 0 . ° >
x, =0, ¥, =0 - TpuBianbHUIT pO3BA30K;

. vz(v2+(v2—1)vl) . v
X = Yy =T

2 2
av, + fv; v,

X, - HEeTpUBia/lbHUIT PO3BA30K.

11i o6upaBa poB’i3ku fani 6ygeMo iMeHyBaTH, sIK BiITIOBiiHI piBHOBa)kHi cTaHU QipMU Y pUHKOBOMY CE€PeTOBUII.

PosrisiHeMo O6inbll [leTaTbHO INOBENiHKY AMHAMiuHOI cucTeMu (4) y MajoMy OKOJMi TpPUBIaZbHOTO CTaHY
. * * . .U . .

piBroBaru x, =0, ¥, =0.Y npomy Bumajky niHiliHa yacTMHaA cucreMu AudepeHIiaTbHIX PiBHAHD (4)

Mae XapaKTepUCTUYHMII 6araTo4sieH APyroro MOpsAgKy:

M+d-v=v)A+v (v,-1) +v,=0, (5)

nie A, A, - 714 3HAXOM)KEHHS BIIACHUX 3HAYEHb.

[ns Toro, w06 cucrema (4) Oyna CTifKOI0 HaBKO/IO TPUBiaJIbHOTO PiBHOBa>KHOTO CTaHY, IOTPIOHO BUKOHAHHS
YMOBMU JOIATHOCT] yCiX KoedillieHTiB KBafgpaTHOTO piBHAHHA (5), TOOTO:

l-v,-v >0,
v(v,-1) +v,>0. 6)

Tun criiikocTi piBHOBaru Hpy BUKOHaHHI HepiBHOCTel (6) BM3HAYAETbCSA [UCKPMMIHAHTOM KBaJpaTHOTO
piBHsAHHSA (5):

D=(v,-v -1)*-4v,.

Axmo D=0, To TpuBiaJbHUII PiBHOBAXXHMII CTaH € CTiIKMM BY3JIOM. Y IPOTWIEXHOMY BUIIQJIKy Ma€ Micle
cTiikmit pokyc.

IikaBa cuTyanis clocTepira€eTbcs Ha JiHII:
v, v1-1+pt=0,

fie 4 - MalMii 3HAKO3MIiHHWII IMapaMeTp. Y 3a/IeXXHOCTI Bifi 3HaKy IapaMeTpy y y cucteMi (4) Moxe BinbyTmcs
BTpara abo Haj0aHHs CTIMKOCTI, TOOTO CTiViKMiT GOKYC MOXKe CTaTV HECTiMIKMM i HaBIIaKu.

Bubepemo mapameTp v, y AKOCTi KpUTUYHOTO /1A 3MiHM CTiitKOCTi (4):
vlzl -v,— U
Ta BUKJIIOYVMMO L€V MapKeTVHIOBMIT IIapaMeTp 3 KBaJpaTHOro piBHAHHA (5):

A —pA—vi +3v, —1—(v, = u=0. ()
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BBemeMo mo3HaueHHS:

(W)=, —(v,-Du, @) =-v;+3v, 1.

Ipumyckaemo, mo @, >0 3a ymosowo —V; +3v, —1> 0. Tak BiabyAeThCs, AKIIO TAPAMETP MEHEIPKMEHTY V,
3aJJl0BOJIbHSAE HEPiBHICTD:

3-45 3+45
2TND ) L 2TN2 ®)
2 2

V)
3 ypaxyBaHHAM TOTO, IO APAMETP | € MAJINM , OTPMMAEMO PO3BA30K (7) y HOBUX IIO3HAYEHHAX:

S P Ltk ) S B 9)

I[Tpu npomy icHye noxinHa A(p), skio p=0:
_ 1 v-1
2
2 2w,
Ileit ¢pakT 03HavaE, 110 ITPpY 3MiHi 3HaKa Y AificHa yacTMHa A(() TAKOXX 3MiHIOE CBil 3HaK i lepeTVHAE [ilICHY BiCh
KOMIIJIEKCHOI IIOLIVIHY 3 HEHY/TbOBOIO IIBUAKICTIO. Takmil TUII POKYCY Ha3MBAETHCS MOBiIMbHMUM. TaKuM YMHOM,

yci ymoBu 6idypkaniitnoi Teopemn Xomda BuKoHaHi i Mae Micue 6idypkaiis HapOL>KeHHS IPAHNYHOTO LIUKITY
3 BiiIMOBi/JHMM aBTOKO/MMBAIBHUM peXXumoM [4, 15].

2(0) i (10)

[7151 064MC/IeHH I OCHOBHMX XapaKTePUCTVK IPAHMYHOTO IIMK/TY, TAKMX IK aMIUTITY/Ia, 9aCTOTa i epiof; Ko/mMBaHb,
a TaKOXX JI/Is BUBHAYEHH S CTiMIKOCTI MepiofMYHNUX pillleHb, HaM HeoOXiTHO 3HAMTI HOpManbHy GOPMY CUCTEMMU
nudepeHLiaTbHNX PiBHAHD BiIOBITHO 0 cucteMn (4).

Beefemo 6inbln mpoCTinli MosHaueHHs Jis TapaMeTpiB (4) k=v,-1, w=w Ta mpu =0 OTPUMAEMO HOBY dopMy
cuctemu fudepeHIiaTbHIX PiBHIHb:

x=—ke+(k+1)y,
y=—x+ky+a-y +p-x°.

(11)

3apanu nobynosu HopmanbHoi Gopmu ana cucremn (11) spobumo saminu x=kx +x,, y=x,. Ilicna neobxiguux
IIeEPeTBOPEHb MAEMO CHUCTEMY:

X =—w-x,+(a+B k)X +2B kw-x, - x,+ -0 - x;

k 2 2 2 2" (12)
X,=0-x,——(a+p-k7)-x; =20k -x,-x,- B -k-o-x,
@

Cucremy (12), sixa Bxe € HOpManbHOW Qopmoro IlyaHkape [4], 3py4HO HpeACTaBUTU Y BUIIALI OFHOTO
KOMIIJIEKCHOTO idepeH11iaTbHOTO PiBHAHHSA MEPIIOTO MOPAAKY BiTHOCHO 3MiHHOI Z=X, +iX,:
) —2
. . z - z
z=za)-z+gm?+gnz-z+g02-?, (13)

ie Z=X, —[*X, - € CIPAKEHOI0 3MiHHOIO.
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KommiekcHO 3Ha4Hi TapameTpn g, , g, » §,, BUSHAYAIOTHCSA 3a JOTIOMOTOI0 GOpMYII:

1 ) Lk 2 2
gzozg(a—ﬂ-(k +w )—lg(oﬁﬂ-(k +w ))),

g, =%(a+ﬁ~(k2 +a)2))(1—i5}

w
20 :l(a+ﬂ-(3k2 —a)z)—iﬁ(a+ﬂ-(k2—3a)2))j.
2 w

Y pesynbrati o6umcnenHs mepinoi nsanyHoBcbkoi Benmnuunu [ (0)=Rel (0)+i-Iml (0) oTpumano Bupasu pss
BilicHOI 1 yABHOI YaCTMHM BiJIIIOBiTHO:

(a+pB(k+1))ak

2 3

Re/ (0)= ™

1
12w

Im/, (0)=—

3

(a2(3k2 +2k+2)+50¢,8(k+1)2(/’c2 +k+1)+5£2(k+1)3).

Ona Hac € BaXXIMBUM 3HAK [iMICHOI YacCTUHU il(O). Big ©boro sameXmTb CTiMKICTh NEPiOAMYIHOTO
aBTOKONMBabHOrO pexxumy. [lam’aTaroum mpo Te, mo k=v,-1, Toxi srigHo 3 HepisHicTio (8) mapamerp k
3HAXO[UTbCA Y MeXKax:

1-+/5 1+/5
— <k« .
2 2

TakyM 4YMHOM, CIOCTepiraeTbcs 3MiHa 3HaKy IapaMeTpy k i MOXKHa 3poOMTM BMCHOBOK, SIKIIO Ma€ Miclie
HEpPiBHICTB:

1-5

5<k<0,
2

TO IPAHMYHII UK € CTiIIKUM. Y BUIIAJKY:

1+J§
2 9

MA€EMO HECTIIKUI NEPIOAVYHNI PEXKUM.

O<k<

BoueBnipb, 3Ha4eHHA v,=1 MapaMeTpy MEHEI)KMEHTY BU3HAYa€ HANIPAMOK CTiIKOCTi rpaHMYHOTrO nuKiy. Komu
V2<1, LMKII € CTIIKMM 1 aBTOKO/IMBAJIbHUI PEKVMM BBa>Ka€TbCA MAKUM. 3 iHIIOTO 601<y, SAKIIO V2>1, OTPUMAEMO
YKOPCTKUI PeXKUM BUHUKHEHH I ePioiMYHNX NTPOLECiB 3 KaTacTPO(iuHO0 BTPATO0 CTiNIKOCTI.

Ha Pucynky 1 i 2 Hagani uncenpHi pe3ynbTaty MOJeNOBaHHs ArHaMivHoOI cuctemn (11) 3 mapamerpamu a=0.3;
B=0.4; x,=0.01; y,=0.02; k=-0.5. Bimemne 3HaueHHs k=-0.5 BifinOBia€ CTPyKTYyPHUM OOMEXEHHAM CTiliKOro
rpannyHoro uukny. Ha Pucynky 1 i 2 Bifo6paskeHi pyHK1il MapKeTUHTY X(t) Ta MEHEeI>KMeHTY ¥(t). PucyHok 3 €
imocTparieio ¢pazoBoro HOPTpeTy rpPaHNYHOTO LUKITY y 3MiHHUX Y(t) Ta X(1).

Pucynkmu 4, 5, 6 € pe3y1bTaTOM MOJIETIIOBAHH A XapaKTEPUCTHUK HECTIIKOCTi IPaHMYHOrO0 UKy 3 [Imapamerpamn
k = 0.5 (iHmi 4nc/IoBi 3HaYeHHA HE3MiHHI).
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0.04

0.0 /\ /\ /
\

0.032

— 0 | 20 3 40
-0.0
v V V
-0.03
—-0.04
0 t 40

PucyHoxk 1. KostmBasibHUM pexxuM QyHKIIIT MapKeTUHTY X(1)

NN
B wAwAwA
ByRVAVA
IRAVARVIR

0 t 40

Pucynoxk 2. KosmmBanHs GyHKIN MeHeKMEHTY Y(t)

04341
0.043 ' I
\ 0.02005 \

\ ' N

i W 10> N

—0.0302232-0.01 841 8% ID(_)1463531 0.08187
—0.02
n\
—-0.05 \-J
—=0.05

PucyHoxk 3. ®a30Buil nopTpeT CTIHKOro rpaHUYHOTO UKJIY Y 3MIHHUX X Ta Y. K = —0.5

PucyHku 4-6 € pe3ynbTaToM MOJ€/TIOBaHHA XapaKTE€PUCTUK HECTIIKOCTI TPAaHMYHOTO LIMKITY 3 ITapaMe-
tpamu k=0.5 (iH1i YncIOBi 3HAYEHHS HE3MiHHI).

18
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PucyHoxk 4. KosimBasibHUM pekuM QYHKIIT MapKeTUHTY X(1)

o “TAANN NN
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Pucynok 5. KosimBanusa QyHKIil MeHeKMeHTY (1)

D

o

0.02 —
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Vi —0.02 .Wﬂﬂ‘(z&

A es

—
e}

—-0.05

PucyHnoxk 6. ®a30Buil IOPTPET HECTIHKOTO FPAHUYHOTO ITUKJIY Y 3MIHHUX X Ta Y. k = 0.5
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IcHyBaHHA HECTIMIKOrO TPaHMYHOTO LMKy NOBOAWUTD, IO OPi€HTALid y IUIaHi MapKeTMHIY Ha TpajguLiliHy
npopyKLilo ¢ipMy Inpu npocyBaHHi Ha puHOK ii He3HauHol Mopmdikauii 3MBIAETBCA HECTINKUI
aBTOKOJIMBA/IBHNI PEXXUM MePiOAMYHNX 3MiH PYHKIIi/I MApKeTVHTY Ta MEHEI>)KMEHTY BiTHOCHO PO3ITIAHYTOTO
piBHOBakHOTO cTaHy cuctemu (4) i (11). [Ipy ubomMy ponpoBe 3Ha4YeHHs 30BHIlIHIX (aKTOpiB (PMHKOBOTO
CTaHy), TOOTO BHECEHHs 30ypeHb y CUCTeMY, IIO/ISATAa€ B TOMY, 1J0 BOHM MOXYTb BUOMTH Ii 3i CTilIKOro cTaHy
piBHOBary 3a Mexy obmacti criikocti. Jani, mepetun Mexi y=0 BigNOBifa€ 3HUKHEHHIO 00/1ACTi CTIMKOCTI
ycepeauHi HeCTifIKoro rpaHMYHOr0 UMKTY. BiAIOBifHI TOYKM TPAa€EKTOPIil «3pUBaIOThCSA» 3 PiIBHOBa)KHOTO CTaHY
i BHMKAIOTh 3a MEXY PO3IVIIHYTOTO OKOJIAa IIbOTO CTaHy. Ba>knuBo, o Ipy 3BOPOTHIN 3MiHi yIpPaB/IA0YOro
MapKeTMHIOBOTO IIapaMeTpy Lii TOUK) He IOBEPTAITbCA Y CTaH piBHOBAru, ToOTO crpoba BifMOBUTHCA Bif
BIIPOBaJ)KEHHA Ha pUHOK HOBOI PO YKIiI II/IAXOM ITOBEpPHEHHA CTpaTeril IocTa4aHH s TPagULIiiHOI MPOAYKIIil
B)XXe He 3abe3I1euye piBHOBaXKHMIT CTaH ipMy Ha CIIOXXKMBYOMY pUHKY. [Iporiec eBomo1ii eKOHOMIYHOI cCTEMU
Ma€ He3BOPOTHI IriCTepesMCHMUI XapaKTep.

Ile Moxe O3HauaTy, WO CTaH (ipMM Ha CHOXXMBYOMY PUHKY Hicia i1 «3pumBy» mpu =0 MoKe HepeiTu 1o
iHIIOrO CTIiMIKOTO CTalliOHApHOTO CTaHy piBHOBarM (yCIIillHe BIIPOBaJKEHHs HOBOI NpoAykiii) abo 1o
CTpUOKONOAIOHOr0, KaTacTpo@ivHOrO Iepexify [0 CBOEPIHOIO pPeXUMY YCTaleHOTO pPyXy, SAKUI SKiCHO
BiJJpi3HAETHCA BiJl CTaHY CTAalliOHApHOI piBHOBATM i CTPOrO MEPiOAMYHMX aBTOKONMBAHb — CTAaH AVHAMiYHOI
HeBu3HaueHOCTI. [Tepexin pipmm Ha Takuil pexkxuM QyHKI[iOHYBaHHA O3HAYAE, 110 B Hill BifOYBalOThCS CKIagH1
KBa3iNepiofM4Hi KOMMBaHH:A, MeXaHi3M fAKUX € Ay>Ke YYTIMBUM [0 Manux 30ypeHb IMOYATKOBUX YMOB (HisM
pe/leBaHTHNUX (PAaKTOPiB 30BHIIIHBOTO OTOYEHH), TOAI AK y Iiell Yac ycepejHeHi XapaKTepUCTUKM cTaHy (ipmu
focTaTHBO criiki. Takmit mporec fisnbHOCTI GipMu Moxke OyTy HazBaHUM TypOyneHTHUM. JlijicHO, AKIIO (=0
TPaHMYHMIT VKT «IIPUCTAE» IO CTAaHy PiBHOBATY, SIKMIT € CKIATHUM (IIOBI/IbHIM) HECTiIKMM (OKYCOM.

Hamu pocuth mOKIagHO IpoaHanizoBaHa Ipo6eMa CTiIKOCTI IPaHMYHOTO LMKy IPYU YCiX 3HaYEHHSX
TnapaMeTpy MeHemXMeHTY, okpim v,=1 (k=0). Cam 110 co6i dakT 3MiHM CTiKOCTi TPAHMYHOTO MUKTY B OKOIi
KPUTMYHOTO 3HAYEHHs MapaMeTpy V,=1 BUKIMKAE Tif03py y HANpPAMKY iCHyBaHHsA BTOPMHHOI Gibypxarii
Xomda, mpu Kiit MOXXYTb OZHOYACHO iCHYBaTM [iBa IPAHMYHUX LIMK/IA — CTIVIKMIT T2 HECTIMKUIL.

Hexait k = 0. Topni cucrema (11) mpuitmMae BUTTIAL:
Y . (14)
y=—x+px’+ay’

Bukrounmo yacoBy 3MiHHY i epennuiiemo (14) y Burnszi gudepeHitiabHOro piBHAHHS HEPIIOTO MOPSAAKY:

dy  —x+pBx*+ay’

dx v '

(15)
PiBusanH# (15) MO>Xe 6yTU SIBHMM YMHOM IIPO iHTerpoBaHe BiJHOCHO QyHKLIT y*(x):
d 2
% =2dy* +2(Bx* —x). (16)
X

Oudepennianbhe piBHAHHA (16) € MiHIHUM i Ma€ JOCTaTHHO OYEBU/IHUII PO3B’A30K:

2(f-a)x -a :
B o - fa_ pu
a 2a 2a

fie C - mOBi/IbHA CTasIa, 3a/IeXKHA Bifl MOYATKOBUX YMOB X, Y.

Vv + (17)

Sxio niniGpaTI/[ X, ¥, TAKMM, 10 C=0, Toxni oTpuMaemMo:

2ﬂ_ax+ﬂ_2a:(),
20 2c

a~y2+,B‘x2+ (18)

PiBusnus# (18) € enincom, ockinbku « i € fogarHi, TOOTO MaIOTh OHAKOBMII 3HAK.
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ITeperBopumo (18) Ko BUTIARY:

2
2 B 28 -a)) s (19)
OV BRIV

ne yucno y>0 icHye, ko — < 2+ —E. Takum umHOM, cuctema (14) mae mepummii iHTerpan i € mo cyti
o

KOHCepBaTUBHOW. ToMy 6idypKaliis BOKpaTHOTO UMKIY Y TaKiil CCTeMi He MO>Ke icHyBaTu. SIKI[o micTaBUTH
(19) y neprue piBHsAHHA cucteMu (14), To 3BUThCA AudepeHIliabHe piBHAHHSA IIePLUIOTO MOPSAKY A X(1).

2
d_ |, B #(ﬂ—a} , 20)
dt a 2\ af

PiBusauua (20) e pudepeHIiaTbHUM PiBHAHHAM IIEpPIIOrO NOPSAAKY 3 BiJOKpeMJIEHMMM 3MiHHUMM i Mae
PO3B’130K:

x(t):—%(ﬂa;ﬂa]+7\/%sin \/%t+K* , 1)

nie K*=arcsin[x0+l[’3_aD.
2\ aff

Kopucrytouncs popmysnoro (19), maemo:

y(t)=ycos %HK* , 22)

3ajat0um pisHi MOYATKOBI yMOBM X, € MOXK/IMBICTb 3HaiTV 6€3/1iY pO3BA3KiB KoHCcepBa-TuBHOI cucTemu (14). Ha
npoMy 6idypkarjiiiHa moBefiHKa cucteMu (4) 3 XapaKTepUCTUYHUM PiBHAHHAM (5) He BUYepIyeThCs. SIKIO
HOPUITYCTUTY, 10 KoedillieHTV KBafipaTHOTO PiBHAHHA (5) MOXYTb He3a/e>KHO OJVIH BijJj OHOTO 3MiHIOBAaTyU
3HaKM, TO OyeMO BBa)KAaTH IX Ma/IMMU Be/IMYMHAMM B OKOJIi HYJIA:

v+ v, - 1= 7

v,1-v)-v = u, (23)

ne //ll, [42 — MaJil 3HaKO3M1HH1 BEIMYNHN.

Y TakoMy BUIIaIKy Ma€MO HE3a/IeKHICTDb YIPaB/IA0YNX apaMeTpiB QPyHKIIill MADKETUHTY Ta MEHE)KMEHTY. Y
TakoMy popmari cucrema (4) 6yna posrisiHyra y pobori [13].

S0 y (23) mpupiBHATY HYJIIO IPaBi YaCTVHM, TO JIETKO 3HANTY PO3BSI30K J/Is1 KPUTUYHMX 3HAY€Hb IIapaMeTpiB
vV

Vv, = , V= . (24)

* *
BoueBnpp, 110 po3BA3KM /1 V,, V, YV (24) 3B3aHi CIiBBiAHOLIEHHAM «30/I0TOTO Hepepisy».

3 ypaxyBaHHAM Ma/uX MlapaMeTpiB i , {4, 3HAIIEMO BUPasK [/ V,, v, i3 cucTemu anrebpaiynnx piBHAHD (23):
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.1 1 1
Vi =V, +fﬂ1 +5(l+ﬁ}u2:
. 1 1

1
v, =V ——=p +—| 1——= | 1,.
2 2 \/gﬂl 2( \/g]/uz

BeefieMO NoO3HaYeHHA BiiXMI€Hb IapaMeTpiB MAapKeTMHTY i MEHEI)KMEHTY Bifi CBOIX KpUTMYHUX 3Ha4eHb
*

* . . . .
VI =V, =V, V2 =V, —V, i Bupaxyemo 3 (25) Mani mapamerpu (i, i,. Ilicia HeoOXiHUX IepeTBOpeHb MaeMo
dbopmymu:

(25)

fy =V, 4V,
J5-1. 541 (26)
==V + V,.

Y [3] 3a3HadeHo, 0 cucTeMa (4) TOIONIOTIYHO eKBiBa/IeHTHA HACTYIIHII CUCTeMi:

u, =u,,
2 P (27)
U, =q phuy +qiLu, +u +uu,,
5-1 3-4/5
e g2 ¥371,3-5 B
4 2 «a

Y cucremi (27) BigbyBaerbcs 6ipypxanis borgaHoBa-TakeHca «JBOKpaTHOro Hys» [12], BracTMBOCTI sKOI
OyAyTb POSIIIAHYTI faIi.

3a HasABHOCTI JOCTi/)KEHH A TONOMOTIYHNX BIACTUBOCTel cucteMu (27) y pobori [13] € moBHuit 6idypkawiit Huit
aHaAi3 Ha IUIOLMHI MajuX IapaMeTpiB Yy Yy BBakaeMO HOLIIMbHUM pO3INAHYTH [JaHi BUCHOBKM Yy TePMiHAX
V1, V2.V pesynbraTi IepeTBOPEHDb OTPUMAEMO:

o 3-45.
=7

1. Jlimis cigno Bysnosoi 6iypxarii F =1(V,,7,):, 5
2. Jlinis 6idypranii Xonda H = {(&1,&2) (2-a(v5+1))7+(2+4(¥5-1))7, = 0}.
3. JIiHii rmo6anpHOI rOMOKIiTHYHOI 6idypKawii

P:{(;sz:(7+3(\B—1)q);1+(7—3(£+1)q);2 :o}.

*
TakyuM 4MHOM, HAMM BCTaHOBJ/IEHO, 1JO Y Ma/IOMYy OKOJi KPUTUYHUX 3HaYeHb IapaMeTpiB MapKeTUHTy V, Ta
£
MEHEe[KMEHTy V, AMHaMi4Ha cucTtema (4) JEeMOHCTpPye CKIafHY IOBEHiHKY 3 BiIOBITHMM KacKaZioM 3MiH
CTiJIKOCTi piBHOBa>XHOI'O CTaHY.

BUCHOBKMU

Ba>xnuBicTh BOCTiZKEeHHSA apaMeTPiB CTiIKOCTI HeTiHiTHOI MHAMIYHOI CUCTeMH 3a JOIIOMOTOX MeTOHOMOri1
CUHEepTeTUYHOI eKOHOMIKM He BUK/IMKA€E HiAIKMX CyMHiBiB. OTpuMaHi pe3y/nbTaT 00 aHa/Ii3y CTiliKocTi Mopieni
PMHKOBOTO CTaHOBUINA (ipMy HiATBEPIKYIOTh CKIANHICTh IOBEJiHKOBMX BJIACTUBOCTEN OCTiAXYBaHOTO
o0’exty. CBoeyacHe i1 ajjekBaTHe iHPOPMYBaHHs HpPO YIpaBisgiodi mapaMeTpu GYHKII MapKeTHMHTY Ta
MEHe)KMEHTY, 3a0e3IeYyl0Th CTillKiCThb eKOJIOTiYHNX IIPOIeCiB IO Bi/[HOLIEHHIO [0 30BHIIIHIX 30ypeHb, IO
I03BOJISI€ BiiNpalibOBYBaTK e(peKTUBHI CTpaTerii o0 HeIOMyLIeHH A NOTPAIUIAHHA (ipMu y HebesmedHi Mexi
obracTeil MapaMeTPUYHOI CTIMIKOCTI Ta peaTisyBaTy KOMIIEKC yIIPaBIiHCbKIX 3aX0/iB 3 3aII006iraHH KaTacTpod
y MaiibyTHboMY. Peasisanis ycix 3a3HadeHUX 3aXO0/iB CIIpUATIME CBOE€YACHIIT aflanTaliil BHY TPilIHbOipMOBiil
CUCTeMI YIIpaBIiHHA JO BUK/IMKIB MiHIMBOCTEN €KOHOMIYHMX peatiil.
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SMART SUSTAINABILITY RANKING
SYSTEM WITHIN LOCAL BUDGETING

Abstract

The study focuses on the need to update tools for making local governance decisions using modern
information technology in an environment of unpredictability added by the pandemic. Policy for-
mulation by the authorities, especially local governments, is faced with the demand for sustainable
development due to the obstacles and risks that have arisen. The purpose of the paper was to create
a model for an intelligent information system to rank input qualitative information as an object in
accordance with sustainability criteria for determining the local government’s policy on budgetary
support for entrepreneurial activity. Fuzzy informatics methods used in soft computing based on
fuzzy logic improve estimation potential.

The activity in community-based tourism (CBT) was chosen as a basis for simulating the “Intelligent
Ranking System” for local budgeting. In the paper, the system ranks four factors of sustainability
according to the importance of local government activity by nine criteria, whose fuzzy values are
calculated based on expert judgments within the framework of six linguistic variations. Simulation
of future directions of budgeting was developed using unified answers from the example of India for
applying in local tourism. The basis of the system matrix is formed through the subsequent analysis
of deviations from the limiting variations of the maximum positive and maximum negative impres-
sions of experts. The model of this ranking system will be useful for service-oriented activities where
consumer impressions are an important development requirement.

public budgeting, local governance, fuzzy logic, community based
tourism, ranking intelligent system

C60, H11, H61, R51

Keywords

JEL Classification

ITankamk llpiBacrasa (Ingisa), Caypa6x llpiBacras (Inpgis),
Tersana JKubep (Ykpaina), [Jennc Ipusornasos (Ykpaina)

PO3YMHA CUCTEMA PEUTMHIYBAHHS
CTIMKOCTI MPU MICLIEBOMY
BIO/PKETYBAHHI

AHoOTAaLiA

HocmimxeHHA POKYCyeTbCA Ha HeOOXiTHOCTI MofiepHi3allii iHCTPYMEHTIB I IPUITHATTA pillleHb
OpraHaMy MiCL[eBOTO CaMOBPSIYBAHHA 3 BUKOPMCTAHHAM CydacHMX iHGOPMAL{HIX TeXHOIOTii
B YMOBaX Hellepef6auyBaHOCTi, JofaHoi maHeMieo. ITpu po3po6Ii MomiTHKY BIaj010, 0COOMIBO
MiCIIeBYIMU OpraHaMy BIIaJM, IMOCUIIOETbCA HEOOXiHICTb y CTajloMy PO3BUTKY 4epe3 BUKIMKU
IepelIKoy, i pusuKiB. MeTolo myO/iKalil € CTBOpeHHA MO A/ PO3paxyHKy iHdopMariitHol
CHUCTeMU JUIs PAaH)KYBaHHSA BBIJHOI sAKiCHOI iHpopMaliii fK 06’ekTa 3a KpUTEpiAMM CTIIKOCTI yis
BM3HAYEHHI OMITUKY B/IaY 3 OI0/PKETHOI MiATPUMKY HiAIPUEMHIUIIBKOIL Ais/IbHOCTI. Bukopucrani
METOfY HEYiTKMX MeTOHiB iHGOpMAaTHKM B paMKax OOYMCIIEHb Ha OCHOBI HEYiTKOI JIOTiKM
MOKPAIlYIOTh ITOTEHIIa/T OL[iHKIA.

HisanbHicTb y cdepi micueBoro Typusmy 6yma ob6paHa K OCHOBA MOJeMTIOBAHHA «IHTeNeKTyambHOL
CHUCTeMI PEMTUHIY» IS MICLIeBOro OIO/PKeTYBAHHA. Y CTAaTTi CHCTeMOIO KTacudiKoBaHO YOTHPU
dakTopyu CTIIKOCTI BifIIOBIZHO [0 BAXKIMBOCTI HeB’SATM KpUTEpilB [isAIbHOCTI MicleBOro
CaMOBPS/lyBaHH, HEUiTKi 3HaUeHHH AKIX 00UNCIIOITHCA Ha OCHOBI eKCIIEPTHIUX CY/KEHDb B PaMKax
mecty JHrBicTMuHMX Bapianiit. Ha mpuxiani Iugii mia micueBoro Typmsmy 6ymo po3po6ieHo
MOJIe/TI0OBAaHHS IOJ/IbIINX HAIIPSAMKIB O10[)Ke TyBaHHs Ha OCHOBI yHi(iKoBaHUX BifjioBizneit. OcHoBa
Marpulli copMOBaHa yepe3 IOJA/IbIINIT aHa/Ii3 BiIXM/IEHb Bifj TPaHMYHMX Bapialiil MaKCUMaTbHO
MO3UTUBHOTO Ta MAKCMMA/IbHO HETATMBHOTO €KCIIEPTHOTO OljiHIOBaHH:A. Mopienb 1iei peiiTuHroBoi
cucreMu Oyne KOPUCHOIO I HiS/IBHOCTI, OPi€HTOBAHOI Ha INOCTYTH, BaXIMBOIO YMOBOIO LA
PO3BUTKY SIKOI € OLIIHKM CIIO>XKMBAYiB.

Iiep)KaBHe OIO/KeTYBaHHsA, MiCIleBe CAMOBPSAYBaHH, HediTKa
JIOTiKa, TYPM3M OPi€HTOBAaHNI Ha TPOMajly, PO3yMHa CCTeMa
PeNTUHIYBaHHA

C60, H11, H61, R51

KaouoBi c/10Ba

Knacudikauia JEL
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INTRODUCTION

The sustainable public policy implementation was intensified among public budgeting tasks at the local level
during the COVID-19 pandemic. The basic benchmarks of best budgetary funds redistributing in its limitation
conditions because of risks (pandemic etc.) require the most modern methods and tools of applying public budg-
eting decisions at the local governance level. Local governance authorities are searching for the ways of combin-
ing familiar services and policy (Innes and Booher, 2010) with new criteria for the sustainable development in
lockdowns bonding.

In developing countries, particularly in India, the uncertain conditions of the local budget revenues and expen-
ditures raise the need to look for sustainability creation to balance follow-up. In large and crowded regions where
people’s activities are diversified, tourism industry indeed could provide many benefits to the communities that
lack the knowledge and financial resources. Local tourism for community could reduce the negative impacts of
new circumstances.

Therefore, local governance authority could develop regional businesses to provide budget revenue and improve
the psychological state of the population at the time of shutdown by redistributing budget support within the tar-
get public budgeting on the community-based tourism (CBT) development example. As for the previous experi-
ence of the leading countries in efficient budgeting, EU residents spent 82% of their tourism expenditure on trips
inside Europe (78% inside the EU) according to the Eurostat data. In this paper we propose to join the rhetoric
about the indicators and its weak directions assessment to support local governors with the real decisions in bud-
geting concerning the problems which can be solved by qualitative estimation feedback applying soft computing
tools.

The regions in developing countries are getting involved into the struggle against pandemic crisis without any
external support. The general concept of sustainability is based on the ability to meet social needs with the avail-
able resources (Shrivastava and Berger, 2010). When access to resources or the necessities changes, sustainability
changes its criteria. New sustainability development principles are introduced to encourage and empower the
communities. Soft computing methods allow calculating data based on the current impact evaluation in the
changing environment in addition to hard-calculated quantitative indicators. With the purpose of determining
directions to budget resource allocation for the local authorities during the policy implementation in the unfamil-
iar conditions, the design of an Intelligent Sustainability Ranking System simulation is proposed. It is based on
four pillar factors such as Economic Sustainability (ES), Social Sustainability (SS), Environmental Sustainability
(ENS), and Cultural Sustainability (CS).

1. LITERATURE REVIEW

Budgeting, for now, is provided under constraints of financial resource, with the impact of environmental and pan-
demic risks for public budgets. Khan (2019) points out the necessity for a government or local authority to “carefully
evaluate its allocation decisions” (p. 8). Since budgeting deals with the allocation of the budget revenues by the lo-
cal governors, the researchers should provide the decision-makers with set of tools and techniques that are useful
for the further budget support inner evaluating. Chohan and Jacobs (2018) pointed out that sometimes the govern-
ment uses the term “sustainability” without actually taking politically costly budget decisions (p. 1225). Sustainable
tourism is one of the most important topics in the global tourism industry nowadays (Giampiccoli et al, 2020).
CBT gives the possibility for the local community authorities to be involved in the local business support out-
come. With the steady employment and taxation that means fiscal sustainability, budget deficits and public debt
are smaller (Fuentes-Silva, 2020). The main product of tourism is the tourist’s impressions who pay and create
revenues for further taxes payment. Open Data for the budgeting, public budget support requirement along with
the sustainability indicators ranking for the regional tourists and tourism workers create the ground for prompt
local government reaction and activity correction during real-time evaluation of the tourist’s impressions. In the
current economic situation considering the regional policy implementation, the CBT is a way of developing social,
economic, environmental, cultural requirements of local communities as pointed by Han at al. (2019).
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In India it has been seen that the tourism industry can provide many benefits to the communities that lack the
knowledge and financial resources to get involved in the development of tourism without any external support.
Promotion “Vocal for Local” motto of the Prime minister of India in 2020 is described by Srivastava (2020).

“The beneficial effects of technical achievements in budgeting could have been weakened by the temptations to
manipulate financial information for short-term political advantage” as pointed by Heald and Hodges (2020, p. 4),
and openness of data evaluating could help to prevent it. The authority’s explanation of local governance sustain-
ability for the community is a key factor in policymaking and strategic management as it promotes the local’s
activities growth in the region. The local budgeting could rely on managerial accountability and multi-sector
assessment of certain criteria. Sustainable activity is a steadily growing process in the tourism industry. Lee
and Farzipoor (2012) proposed to measure complex busines’s sustainability management by introducing DEA
technique. Their proposed model considers dual-role factors in across-efficiency context with the three result
variations. Butnariu and Avasilcai (2015, p. 1234) pointed that “sustainability reports are formed to transform
the sustainability aspects in quantifiable values of economic, environmental and social performance, with the
main purpose to help to manage the key preoccupation for sustainability and to provide information on the way
in which the activity contributes to sustainable development”. The model proposed by the authors specifies the
number of indicators by aggregation in a composite index. Beekaroo et al. (2019, p. 257) determined and unified
the sustainability indicators’ scores for the different types of activity. “The key dimensions for the assessment of
sustainability were identified using the survey method and interview of opinion experts”. The last sustainability
index model differs from previous evaluation methods by providing an idea of the comparison platform for es-
timation participants. The composite resulting index, proposed by the authors too, combines economic, social,
and environmental indicators in an indexing algorithm useful to rank even different spheres according to their
performance. These approaches to defining sustainable activity formed the basis for the selection of two borders
of sustainability indicators assessment in this study.

According to Verawati (2020), today internal evaluation and accountability are important issues in the imple-
mentation of the public budget as a motivational tool and an instrument for creating public space. Previously
Srivastava and Srivastav (2020, p. 791) suggested a soft computing-based tourist’s destination recommendation
system for a particular region in India. The calculation was “based on Soft Computing tools with a sensitivity
analysis approach to develop the ranks under the features of uncertainties to provide an appropriate platform for
the convenience of experts under the Soft Computing knowledge domain”.

2. AIMS

Create a model for calculating an information system for ranking input qualitative information regarding sus-
tainability criteria to determine government policy for budgeting support of the entrepreneurial activity, while
continuing to improve the assessment potential using fuzzy computer science methods within soft computing
based on the fuzzy logics.

3. DATA AND METHODOLOGY

The entity’s operations segregation and measurement combination are common to all previous estimations of
sustainability in the literature review. These publications used a basic multidimensional approach to assess quali-
tative results in terms of economic, as well as social and environmental indicators of the region’s development.
Reviewed research elucidates the role of various aspects of sustainability, such as economic, social, cultural and
environmental, in stimulating private activity.

To encourage and empower the communities’ modern sustainability, development principles could be introduced
by publishing the inner assessment indicators of future budgeting and policies. The local community activities in-
volvement and self-sufficiency in tourism is one of the main features that have been reflected in the CBT develop-
ment. The soft computing techniques based on fuzzy logic, in particular, fuzzy methods, allows creating a system
to interpret tourist’s (expert’s) reactions to sustainability indicators changing. These changes could be prevented
or managed from the very beginning with calculation and estimation of input data by Fuzzy sets.
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In order to develop the ranking system, we are using Fuzzy sets, which were described by Zadeh (1965) and fur-
ther developed by Klir and Yuan (2015), and Fuzzy TOPSIS in respect to the publication by Chen (2000). Four key
factors of sustainability in the case of CBT were determined and the resulting system was configured by attempts
to apply two variations of the comparison.

To measure and rank the people’s input suggestions we decided to construct five linguistic terms that will be val-
ued as a variable. In the matrix simulation for this paper the two group expert’s answers were combined into two
input information sets.

Definitions are as follows:

1. Fuzzy Sets. A fuzzy set A in a universe of discourse R is defined by a membership function fZ,(x) such that
i, (x)>[0,1]VxeR.

2. Fuzzy Numbers. A fuzzy number is a fuzzy subset in the universe of discourse, R. It is both convex and nor-
mal. Trapezoidal fuzzy numbers are shown below.

3. Trapezoidal Fuzzy Number. The trapezoidal fuzzy number (TrFN) is presented by A=(a,b,c,d) and its
membership function is given by:

f,(x) = ey

o

d—
0 , elsewhere

4. Normalized Fuzzy Sets. A fuzzy set 4 of the universe of discourse, R, is said to be normalized fuzzy set if an
x 3 Rsuch that ,(x)=1.

5. Linguistic Variables. A variable whose values are linguistic terms. The linguistic values can also be expressed
as fuzzy numbers. These linguistic values mean the state of tourism in the region by people’s impressions,
their preferences for the results of its development to the current moment and future prospects.

For example, “weight” in the simulation is a linguistic variable; its values are “very low”, “moderately important”,
“important”, “very important”, “absolutely important” etc.

6. Distance between two trapezoidal fuzzy numbers. Suppose, there are two trapezoidal fuzzy numbers
A= (a,,a,,a,,a,) and B=(b,b,,b,,b,) with centroid points (& ,,,) and (ay,;); left and right
spreads are (L,,R,) and (L, R;) respectively. Then the distance between two trapezoidal fuzzy numbers
(Ebadi at al., 2013) is given by:

d(,lf?) = maX{l a,—0 H ﬂA _/BB H LA _LB |’RA _RB ’}a (2)
a1+a2+a3+a4—( Gaty — ] 1- %~
(a,+ay)—(a,+a,) (a,+a,)—(a,+a,)
where, o, = 3 s By = 3

L,=a,-a, R,=a,—a,.

A positive ideal solution and a negative ideal solution mean the key points of the system of opinions and create the
variables field. The Fuzzy TOPSIS works on the concept of distance to positive ideal solution and negative ideal
solution, the basic procedure of Fuzzy TOPSIS is given by a number of steps as.
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Step 1. In order to develop the system, the steps of Fuzzy TOPSIS are given below in Table 1.

Table 1. Fuzzified scale for pairwise comparison

Source: Calculated by the authors.

Linguistic Variables ; Fuzzy Scale
Equal Importance (Eq.l) : (1,1,1,1)

VeryLessmporam L) 0,05,15,2)
Less Important (LI) (1,1.5,2.5, 3)
Importan't'('l') ..................... 225 35 4

Very Important (VI) (3,3.5,45,5)
Extremely Impc').r'té'rit' (ET) ........... (4,4.5,5.5, 6)

Suppose, there are k decision-makers. If the fuzzy rating and weight of importance of kth decision-maker about
ith alternative concerning jth criteria are x = (al] ,b: ,cl/ , lf) and Wf = (w il wh 2o wh e W, 4) respectively, where
i=1,2,3,...,mand j=1,2,3,...,n

Step 2. Aggregated fuzzy rating i" alternative concerning j" criteria are given by X, = (a;,b,,c;,d,;) such that:
gk ok gk T

a; =min{a; }, b, =min{b;}, ¢, =minic;}, d; =minid;}. ©)

And the aggregated fuzzy weights of importance are w; (W Wi Wiss W, ) where

w; —mln{wﬂ} w; —mm{wz} w; —mm{ 3} w; —mln{w/4}

Step 3. The fuzzy decision matrix of aggregate values is expressed by the following:

Cl CZ et Cn
A X, X, X,
D=4,|x,, X, - X,| )
Am xml 'me xmn

And the aggregate fuzzy importance weights are: W = [WI,VT/Z,W3,---,VT/H], where each X, w, Vi=1,2,3,...,m
and j=1,2,3,...,n are linguistic variables and which can be interpreted by trapezoidal fuzzy numbers
(ay,by, U,d,./.) and ﬂ/j z(wjl,wﬂ,wﬂ,w

Step 4. The normalized fuzzy decision matrix is given by:

R= I:fl] ]mxn ,where i=1,2,3, ..., mand j=1,2, 3,..., n, (5)
o
72 T T A
¢, ¢ ¢ ¢

where, ¢} = mlax(d i)

. A
i~
d, ¢, b, a
where, a; —mln(ay) (for cost criteria)

28

(for benefit criteria)
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In this normalization process, the ranges of normalized fuzzy numbers are located within the interval [0, 1].
Step 5. The weighted normalized fuzzy matrix V can be evaluated by:

V= [‘71'/] =17 OW; L ©)

where i=1,2,3, ..., mand j=1,2, 3, n.

Step 6. The fuzzy positive ideal solution (FPIS) and fuzzy negative ideal solutions (FNIS) were defined as given
below:

A G
v = m?x(vm), i=12,3,.,mandj=12,3,..,n -

A =(vf,v2’,v3’,---,v’)

n

v, =min(v,,),i=12,3,..,mand;j=1,2,3,..n

Step 7. The distances d;" and d, of each weighted alternative from fuzzy positive ideal solution (FPIS) and fuzzy
negative ideal solutions (FNIS) can be evaluated by the following equations:

df =Y d,(3,.7) i=1.23,...m,
j=1

) ®
d; = Z;dv(ﬁij,ﬁ;) i=1,2,3,....m,
=

whered (V,,V,) is the distance between two trapezoidal fuzzy numbers ¥, and ¥,.
Step 8. The distance from fuzzy positive ideal solution (FPIS A") and fuzzy negative ideal solutions (FNIS A7)
are simultaneously represented by the closeness coefficient Cc:

CCi =_—i+, I
d +d,

The highest value of closeness coefficient represents the best alternative, and it shows the best alternative is the
closest one to the FPIS and the farthest one from FNIS.

=12,3,...m. )

Step 9. The alternatives are ranked with the help of the closeness coefficient. The intelligent ranking system could
interpret the input answers and provide the evaluation of sustainability indicators rank importance for the tour-
ists to allocate budget funding for preventing the problems or stimulate the additional activity with the most
ranked sustainability pillars.

4. RESULTS AND APPLICATION OF FTOPSIS

The simulation of the intelligent ranking system was accomplished. A case study is performed to configure the
sustainability factors for community-based tourism to develop further budgeting policy of the local government.
Based on the previous research reviews we took four pillar factors which are listed below:

1. A, -Economic Sustainability.

2. A, -Social Sustainability.

3. A, - Environmental Sustainability.
4. A, -Cultural Sustainability.

http://dx.doi.org/10.21511/ed.19(4).2020.03 29
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As the first baseline for the system, the experts group’s unified opinion was utilized as the input information. The
line of the authorities activity evaluation criteria was built by the linguistic impressions among: AB - Attitude
and Belief towards CBT, HC - Human Capital Development, CBTM - CBT Management, IN - Innovation,
TR - Tourism Resource, TRM - Tourism Resources Management, TAP - Tourism Activities and Products,
MDIMSI - Market Demand Identification and Marketing Strategy Development, VT - Values for Tourists. With
the next criteria application, the experts are ranked by the previously obtained linguistic variations of each pillar
factor.

The experts’ ratings for each alternative corresponding to each criterion are shown in Table 2 and Table 3. In Table 2
the D1 indicator means the opinion of the first expert group’s unified answers with a verified linguistic evalua-
tion on each criterion.

Table 2. Ratings by First Expert Group Opinion

D1 i AB : HC CBTM . IN ¢ TR TRM H TAP : MDIMSD i VT
BS M B M VB R N
ss . L El LI N = I RV El Y] El [
ENS B VU0 1 BV H B B
cuL . vu o Vi RV I N El f | f LI LoVl

Next in the Table 3, the indicator D2 stands for the second expert group’s opinion within the criteria given below.

Table 3. Ratings by Second Expert Group Opinion

IN @ TR TRM i TAP MDIMSD iVT

El | El El : El : El . El
BBV
BB

Bl El f Vi f I Y]

In Table 4 the comparison of the main criteria between each expert group’s opinion in linguistic evaluation cross-
scale was proposed for consideration.

Table 4. Pairwise comparison table for the main criteria

AB ES : SS : EnS : CS
B8 ) i (0,05152) (00.51.52) : (0,0.51.5,2)
.SS (00506666672  (1111) (0.33333,0.4,0.6666671) (0.33333,0.4,0.666667.1)
_EnS (00506666672 (115253) a1 (0.33333,0.4,0.666667,1)
cS (0,0.5,0.666667,2) : (1,1.5,2.5,3) : (1,1.5,2.5,3) : 1,1,1,1)

The result of the fuzzy conversion of linguistic ratings given by experts was the base of calculation. The aggregat-
ed decision matrix obtained by step 3 is presented by Table 4.

Normalized fuzzy decision matrix applied for the result is shown in Table 5.
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Table 5. Evaluation of Normalized weights

; ; o . W,
Alternatives AB § w=r®Ss ! § W, Using N, =——
: : ATLAB Sum

ES © (0,0.594604, 1.355403, 1.681793) : (0, 0.091536, 0.297982, 0.5806) 0.2501 ¢ 0.259763

‘ : (0, 0.081872, 0.1622, 0.410) :

(0, 01139, 0.2257, 0.540355)
(0, 0, 0.032797, 0.320265)

Componentwise (0, 0.345256, 0.219848, 0.153944) - § - § -
Inoreasing Order (0, 0153944, 0.219848, 0.345256) - - -

Further, we applied normalization described in Step 4. The normalized fuzzy decision matrix with the alterna-
tives and pillar criteria was shown in Table 6.

Table 6. Normalized weights of each alternative corresponding to each criterion

Alternatives \ § § § E § § : 5
AB HC CBTM IN TR TRM  TAP  MDIMSD = VT

Criteria :
ES . 025976 025 ¢ 025 i 025 | 025 i 0.25 | 0.247283  0.261445 | 0.27758
"""" ss 017968 025 = 025 025 025 025 = 0202826 027758 0208537
"""" EnS 023992 = 025 025 = 025 025 025 0347065 = 0208537  0.261445
"""" CS 032062 025 025 025 025 025 0202826 0252439 0252439

The fuzzy weights of all criteria are obtained using the F~-AHP method, which is shown in Table 7 given below.

Table 7. Fuzzy weights of each criteria

Criteria Fuzzy weights
AB (0.033402, 0.058508, 0.138045, 2.319587)

e (0007607401879183481953) ..........................................
‘ CBTM e (0 0087107 0209953 3584952) ..........................................
“““ N (0007929020291933554)
T (0 0091476 0267681 443481) ..........................................
e ‘ ....................................... (000804670221766 3661457) ..........................................
e e (0 0 055233 013 3518 3364852) ..........................................
e e (0 005563 01266612978191) ..........................................
e ‘ ....................................... (0 0045939 0099535 2757431 .) ..........................................

Now we will arrange the previously mentioned step 5 where a weighted normalized fuzzy decision matrix was
obtained, that is shown in Table 8.

Table 8. Normalized weights of each alternative corresponding to each criterion

AB ‘ HC . CBTM IN ‘ TR ‘ TRM ‘ TAP . MDMS VT
0.088028 : 012991 : 0.134098 : 0.00818 : 0.165362 : 0.136701 : 0.12477 = 0.110697 : 0.102255
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Further, we will obtain a fuzzy positive ideal solution (FPIS) and negative ideal solution (FNIS) described in step
6 and shown in Table 9.

Table 9. FPIS and FNIS of each criteria

Criteria : FPIS : FNIS
AB Teatzsizatza) 00,00)
He (48348348348) 0000)

ceTM (6363636) 0000)
IN (3.4,3.4,3.4,3.4) (0,0,0,0)
TR e 4444488 (0.0,00)
L S (:-7.3.7:3.73.7) o (0,0,0,0)
TAP U T (3:43.4,34,3.4) o (0,0,0,0)

MDIMSD €333 000,0)
vT ; (2.8,2.8,2.8,2.8) (0,0,0,0)

In the next step, we evaluated the distances of FPIS and FNIS using the method suggested by Ebadi et al. (2013),
and Hamming distance, described by Chakraborty and Guha (2010), between two fuzzy numbers. Distance and
closeness coefficient are shown in Table 10 and Table 11 given below.

Table 10. Final output obtained by Fuzzy TOPSIS using Ebadi et al. (2013) method

Factors Distance from FPIS ; Distance from FNIS : Closeness Coefficent ¢ Ranks
ES 28.4829692 ; 28.4829692 ; 0.5 1
ss 28.01418879 f 27.50143077 f 0.49538158 2
ENS | 28.16952654 : 26.8696423 f 0.48819128 f 3
cuL 27.45174549 : 25.47650164 : 0.481340362 4

Table 11 shows the results using the Hamming Distance.

Table 11. Final output obtained by Fuzzy TOPSIS using Hamming Distance

Source: Chakraborty and Guha (2010).

Factors Distance from FPIS : Distance from FNIS i Closeness Coefficient | Ranks
..... B o 208999 19888 0220016
..... SS 2222779 18806 e 0:2B58T 2
..... ENS 8827204 e TATAS i O1013S A

CuUL ; 22.84729 : 7.0913 : 0.23686 H 3

The next discussion topic is the difference between the approach results. The first approach creates the intelli-
gent system with the average “meaning” about the opinions, but the second approach shifts the rank in the sys-
tem to the more radical position when experts’ inputs ranks for the additional alternatives were more different.
Comparison among the results obtained from Fuzzy TOPSIS are shown in the next Table 12.

Table 12. Fuzzy TOPSIS results of the simulation

Alternatives : (Using Eggzl (;.rtoaT.’SsI?IIethod) : (Using Hanﬁumziﬁ)g,:j-llz)?sptghsce Method)
BS LA ; 1
Ss : 2 2
CENS B 4
CuL 4 3

The Culture factor obtains lower rank by the first method because the opinions’ ranks were widespread.
Created Intelligent Ranking System simulation are proposed to collect and process the opinions of tourists in the

region or future consumers of tourism services from local residents. Local government should plan and redirect
public budget funds on the basis of tourists” expectations and impressions to stimulate regional CBT.
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Economics of Development, Volume 19, Issue 4, 2020

Based on the rating obtained in both cases of calculations, we should conclude that the factors of economic and
social sustainability are the most important for tourism. Further decisions of local authorities should be primarily
aimed at preserving the population’s ability to pay and maintaining social balance, and afterward - at streamlin-
ing the environment and cultural traditions.

CONCLUSION

The Intelligent Sustainability Ranking System provides the most likely ranking for the four pillars of sustainabil-
ity for community-based tourism, where the ability to pay off the authorities and citizens come first and the main-
tenance of cultural parity come last. Based on the results obtained by the system, the local government should
first of all pay attention to economic well-being in order to meet the tourism expectations in the region. Using
the ranking of four factors according to certain criteria within at least five people impressions allows creating a
picture of fuzzy feedback formation for arranging further local governance policies. Thus, the system ranks more
nuances and selects the most important ones, using not quantitative indicators, but human feelings and expecta-
tions in the provision of service-oriented activity.

Two methods of calculating the criteria assessment also allow us to reveal the width of the range of opinions on a
particularly key factor with a further deepening of its assessment. The direction of further scientific development
can be the issue of selecting and combining factors and criteria for assessing and stimulating the following prom-
ising activities by local authorities within the framework of budgeting in unpredictable conditions.

As CBT is very important part of the government’s new campaign i.e., Vocal for Local in India, therefore, local
government authorities can use the rankings of sustainability factors provided by the Intelligent Sustainability
Ranking System to promote community-based tourism. Low ranking factors can be improved by the govern-
ment’s local budgeting. This system will act as a referral system of the policy among government authorities, re-
spective tourism-related administrative bodies to make policies for sustainable development of community-based
tourism and local budgeting which provides sustainability in uncertain conditions.
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MACROECONOMIC FACTORS THAT
INFLUENCE THE BANK LOANS RATE
IN INTERNATIONAL AND
UKRAINIAN PRACTICE

Abstract

The goal of the paper is to disclose the links between the dynamics of macroeconomic indicators and
the level of bank loan rates based on international and Ukrainian practice. On the basis of the previ-
ous analysis, the paper also aims to identify the key trends in the formation of loan prices in the long
run and identify problematic issues related to bank loan rates.

The main characteristics of bank lending rates in Ukraine are: a) their high rates; b) sharp changes in
the weighted average bank loan rates from year to year; c) higher loan rates for households compared
to the cost of bank loans for businesses; d) higher bank loan rates for short- and medium-term loans
versus long-term ones; e) lower rates on loans in foreign currency compared to the loans in hryvnia;
and f) high share of non-performing loans to households and businesses in bank portfolios.

In the context of world and Ukrainian practice, the paper demonstrates the reverse effect between
macroeconomic indicators such as GDP per capita, the ratio of loans to GDP, the ease of doing busi-
ness index and bank loan rates. The article also demonstrates a direct relationship between the dy-
namics of inflation rate in the country, the dynamics of non-performing bank loans and their rates.

loan price, bank loan rate, dynamics of bank loan rates, bank loans,
macroeconomic factors

C82, D53, G21
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MAKPOEKOHOMIYHI YNHHUKM
BMNJIMBY HA BAHKIBCbKY KPEJAMTHY
CTABKY B MI)XHAPO/IHIA TA
YKPATHCBKIMN MPAKTULLI

AHoOTAaLiA

CrarTs Mae Ha MeTi BUCBIT/IUTH 3B’ 30K MK JMHAMIKOIO IIOKa3HMKIB MaKPOEKOHOMI4HOTO PO3BUTKY
KpaiHy Ta piBHeM 6aHKiBCbKIX KPEAUTHUX CTABOK HAa OCHOBI MIXXHAPOJIHOI Ta YKPAIHCHKOI ITPaKTUKY
Ta, BUXO[SYN 3 LIbOTO, BUAUINTY K/IIOYOBI TeHAeHNUil GOpMyBaHHs LiiH Ha GAaHKIBCbKi KpeguTu B
JIOBIOCTPOKOBII EPCIEKTHBI Ta BU3HAYNUTY IIPOOIEeMHI IMTaHHA Y 1iit cdepi.

OCHOBHMMM XapaKTePUCTUKAMV CTaBOK OaHKiBCBKOTO KpeIMTYBaHHS Hapasi B YkpaiHi e: a) ix
BIUCOKUIL piBeHb; 6) pi3ki 3MiHU cepefHbO3BaXKEHOI GaHKIBCHKOI KPEAUTHOI CTABKU 3 POKY B PiK;
B) BUIJA BapTiCTh OAHKIBCHKUX KPEAMUTIB IS JOMOTOCIIOAAPCTB IIOPIBHSAHO 3 BapTICTIO KPEAUTIB
misa 6i3Hecy; T) BMIA BapTiCTh KOPOTKO- Ta CEPEfHbOCTPOKOBMX OAaHKIBCBKUX KPEIMTIB NpOTH
JOBrOCTPOKOBIMX; Ji) HIDKYI KPEJUTHI CTaBKM 3a KpeayuTaMu B iHO3eMHill Ba/loTi MOpPiBHAHO 3
TPUBHEBUMU KPEJUTaMI, €) BICOKA YaCTKa HEIPAIIIUNX KPeAUTiB JOMOTOCIOAAPCTB Ta 6i3Hecy
y 6aHKiBCbKUX HOPTdEnx.

Y KOHTeKCTi CBITOBOI Ta yKPaIHCHKOI IIPAKTUKI B CTATTi POSKPUTO 3BOPOTHMIL e(eKT MK TAKUMIU
MaKpOeKOHOMiuHMMU NToKasHuKamy, K BBII Ha nymy HacenenHs, ciBBifHOmIeHHA no3uK o BBII,
iHeKc erkocTi BefileHH: Oi3Hecy Ta 6aHKiBCbKa KpeuTHA cTaBKa. [ToKa3aHO TaKOX HPSMMIL BIUIMB
MDK AMHAMIKOIO piBHS iHGIALIT B KpaiHi, AMHAMIKOIO 06CSTiB HEPALIo0INX 6aHKIBCHKIX KPENUTIB
Ta IX BapTicTIo.
KawouoBi cz10Ba I1iHa KpefuTiB, OaHKIBCbKa KPEUTHA CTaBKa, AMHAMIKA 6aHKIBCHKIX
KPEeANUTHUX CTaBOK, OAHKIBChKI KPENTI, MAKPOEKOHOMIYHI YMHHUKN

Knacudikauia JEL €82, D53, G21
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INTRODUCTION

The distinctive features of the modern development of Ukrainian banks are the growing volumes of the banking
business, increased competition and, at the same time, increased credit risks. All of that makes it difficult for
banks to maintain financial stability and getting profits.

Pricing of banking products is a key element in determining the desired level of bank profitability. Moreover,
interest rates on bank loans are a macroeconomic indicator and characterize the cost of borrowing for the real
sector of the economy. A bank can vary prices in a wide range, using prices as an important tool of attracting cus-
tomers and promoting services. Pricing is one of the most important aspects of the bank’s marketing activities, as
well as a control lever that allows you to generate the amount of the bank’s profit.

Credit services are the main source of income for banks. In the context of pricing for credit services, banks devel-
op a credit strategy and choose the method of estimating the interest rate on the loan. Identifying factors influ-
encing the cost of bank loans, generalizing trends and directions of such influence in different countries and in
Ukraine will facilitate the search for problematic areas that systematically restrain the rise or fall of interest rates
on loans and hinder lending activity in the country. All this determines the relevance of the chosen research topic.

1. LITERATURE REVIEW

The theoretical and practical aspects of the banks functioning and pricing of banking services were described in
the following works.

General issues of banks’ activity are covered in the works of Dziubliuk et al. (2017), Hlushchenko (2015),
Kovalenko (2016), Lutsiv (2018), Savluk and Moroz (2009), Mykhailyak and Mykhailyak (2018) and others.

The pricing issue in the banking sector is studied by such authors as: Kuznetsova; Zherdetskaya; Lepushinsky;
Malakhova; Maslak and Kryklij; Mishchenko, Naumenkova; Ahrend; Catte, Price and others.

In their works are considered: the formation and development of the banking system of Ukraine with the allo-
cation of a system of measures to improve risk management and corporate governance in banks (Mishchenko
& Naumenkova, 2016); pricing of banking products, factors, methods and pricing mechanisms from a the-
oretical and methodological point of view (Maslak & Kryklij, 2010), (Ahrend, Catte & Price, 2006); manage-
ment of the bank’s loan portfolio, including determination of its profitability and methods of pricing on loans
(Prymostka, 2012), (Kuznetsova & Zherdetskaya, 2016); the essence and types of interest rate policy of the bank at
the macro- and micro- levels, the factors that determine it (Malakhova, 2015), (Lepushinsky, 2012), etc.

Researchers focus on the theory and methodology of pricing, or on the applied experience of a particular country
(including Ukraine). At the same time, in our opinion, it is necessary to expand the scope of statistical analysis
of the impact of various factors on the cost of bank loans to generalize the trends of such impact based on both
international and Ukrainian practice.

These reasons determine the relevance and the purpose of the article, which is to reveal the links between the dy-
namics of macroeconomic indicators and the level of bank lending rates in international and Ukrainian practice.
This will help to identify the key trends in the formation of the price of loans in the long run and problematic
issues that systematically restrain the growth or decline of interest rates on loans and hinder lending activity in
Ukraine.

2. RESULTS

The bank loans rate can be considered as indicators of financial markets development in a particular country and
in the particular region or globally. Asa common rule, countries with low bank loans rates are more economically
developed than countries with high bank loans rates.
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Ukraine belongs to the group of countries with relatively high bank loans rates, along with Uganda, Egypt,
Mozambique, and Azerbaijan. Countries such as Brazil (39%), Argentina (37%) and Madagascar (55%) have
the highest bank loans rates in the world. Instead, the countries of Western Europe, such as Switzerland, Italy,
Hungary and others have low bank loans rates (Figure 1).
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Figure 1. Bank loans rates worldwide in 2018, %
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Figure 2. Dynamics of bank loans rates by currency for the period from 2005 to 2020, %
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In Ukrainian practice, the weighted average bank loans rate changes quite sharply from year to year, depending
on the period of development of the Ukrainian economy (see Figure 2). Moreover, the average weighted bank
loans rate became relatively high during the crisis of 2008-2009 (18.3%) and the crisis of 2014 (17.5%).

Given the time fluctuations of bank loans rate and its dependence on the lending currency, it should be noted, that
the dynamics of rates in national currency is significantly different compared to the dynamics of rates in foreign
currency, usually US dollars (see Figure 2). In particular, there is a sustainable annual reduction in bank loans
rates on foreign currency loans. Such tendency could have been caused due to several reasons:

o demand decline for foreign currency loans due to significant exchange rate fluctuations and devaluation of
the hryvnia in 2008 and 2014;

o reduction of the foreign currency loans to individuals supply from the banks’ side caused by the National
Bank of Ukraine’s (NBU) ban on such lending;

o reduction of the interest rate on foreign currency deposits.

Therefore, Figure 2 shows that the dynamics of the weighted average loans rate is similar to the dynamics of the
loans rate in the national currency, which indicates that the lion’s share of the loans is issued in the national cur-
rency. Each year the total loans contain fewer foreign currency loans in absolute terms. That is why the significant
reduction in the loans rate on foreign currency loans has had a smaller impact on the weighted average loans rate
throughout the banking system.

Exploring the loans rate dynamics by sectors of the economy (see Figure 3), it should be noted that the highest
loans rate is offered by banking institutions to households - due to the high risk of insolvency of individual bor-
rowers and the fact that banks (in the absence of collateral property) are forced to transform their potential risks
into the form of additional interest (Prymostka, 2012). Instead, banks offer the lowest loans rates to the non-fi-
nancial corporations’ sector, namely to business entities operating in Ukraine.
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Figure 3. Bank loans rates by the economy sectors for the period from 2005 to 2020, %
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In the context of the loans rate dynamics by the loan maturity (see Figure 4) in Ukraine, the overdraft loans and
loans from 1 to 5 years (except for certain time periods when the loan rate for loans up to 1 year exceeded the one
for loans from 1 year to 5 years - in 2014-2015, 2018) have had the highest bank loans rates.
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Figure 4. Bank loans rates by maturity for the period from 2005 to 2020, %

Studying the individual characteristics of the level of bank loans rates in different countries, it should be noted
that this indicator depends on many macroeconomic factors and institutional characteristics inherent for each
country. However, if we consider the experience of many countries (122-127 countries in different phases of their
development as of 2018) as a set of data, we can trace the patterns of price formation for bank loans for the future
and identify problematic issues (that restrain the growth or decline of bank loans rates in Ukraine):

I. There is a relationship between the GDP per capita and bank loans rate (see Figure 5). The global trend indi-
cates a negative correlation between the studied indicators. It means: the higher is the GDP per capita, the
lower the loans rate is. This dependence is explained by a number of reasons. First, economically developed
countries have a high level of capital accumulation, so, respectively, the marginal return on new investment
is low, compared to developing countries (Kovalenko, 2016). Secondly, a high level of GDP per capita auto-

matically carries information about the development of the financial system, social institutions of the country
and so on.
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Figure 5. Relationship between GDP per capita and bank loans rate (122-127 countries in different

phases of their own development as of 2018)

The correlation coefficient between the proposed factors is -47.9%. But the final conclusions about the absence of

relationship should not be made, because the graph shows a nonlinear connection. Instead, the correlation indi-
cates a linear connection.

II. Figure 6 shows the correlations between the inflation and loans rate (according to the World Bank data on 127

countries). We observe a high density of the direct relationship between the analyzed factors - there are lower
bank loans rates in countries with lower inflation.
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Figure 6. Relationship between the inflation rate and bank loans rate (122-127 countries in different

phases of their development as of 2018)

This finding could be explained primarily due to the fact that inflation determines the value of money raised by
banks as well as benchmarks for the desired level of banks’ profitability in providing credit services. The correla-

tion coefficient between the analyzed factors is 52.3%.

Ukraine itself belongs to the group of countries with high inflation and high bank loans rates. The dynamics of

the relationship between inflation and bank loans rates in Ukraine in more details is shown in Figure 7.

http://dx.doi.org/10.21511/ed.19(4).2020.04

41



Economics of Development, Volume 19, Issue 4, 2020

50
40
30

20

10 . /\\/\—,’\/‘\

F PF T FP DS IO P>D LN P
L L L e L
Q
\
- Weighted average interest rate on deposits, % %@9

- Weighted average interest rate on loans,%
Consumer price index (year to previous year,%)

Source: Based on the National Bank of Ukraine data (n.d.).

Figure 7. Dynamics of inflation bank loans and bank deposits rates in 2005-2020, %

After the implementation of the inflation targeting regime in Ukraine, inflation has become the main anchor of
economic agents’ expectations in Ukrainian business practice. Inflation also affects the decisions of commercial
banks on the bank rates on credit services at the micro level when calculating the projected level of profitability.
Figure 7 shows that the peak inflation rates took place in times of the 2008 and 2015 crises, and, at the same time,
the price of loans was the highest. Now, due to the mitigation of inflationary pressures during 2018-2020, the
NBU is easing monetary policy by lowering the discount rate, which will be transformed into lower loans rates.
Ensuring price stability through the NBU’s inflation targeting policy will continue to form the preconditions for
the possibility of reducing the price of credit resources in Ukraine.

III. Another indicator of financial sector development is the ratio of total loans to GDP (Kuznetsova &
Zherdetskaya, 2016; Lepushinsky, 2012). The study of the correlation between the ratio of loans to GDP and
loans rates in 122 countries (see Figure 8) shows the inverse relationship between these indicators: the higher
the level of creditworthiness of the economy, the lower the bank loans rates.
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Figure 8. The relationship between the level of creditworthiness of the economy and bank loans rate
(122-127 countries in different phases of their development as of 2018)

The results can be explained by the fact that better developed financial sector provides a high level of competi-
tion in banking services, which leads to lower market profitability of a bank, reflecting the interest margin and

bank loans rate (Ahrend, Catte, & Price, 2006). The correlation coefficient between the proposed factors is -40.2%.
However, the final conclusions about the lack of connection should not be made, because the graph shows some

kind of a nonlinear connection, but the correlation indicates a linear connection.

Loans to GDP ratio remains relatively low in Ukraine (38% - the same as in Indonesia, Mexico and Egypt) due to

weak public confidence in financial institutions (including banks) compared to highly developed countries (e.g.,
in the United States the volume of loans to GDP is 198%).

On the other hand, in Ukraine banks have a low level of confidence in borrowers, so banks’ intention to lend to

them is low due to high credit risks. In particular, the share of non-performing loans is a confirmation of the high
level of credit risks on the part of borrowers for commercial banks (Figure 9).
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Figure 9. Share of non-performing loans in the total amount of loans issued at the end of 2019, %

Figure 9 shows that among European countries Ukraine has the highest share of non-performing loans (NPL).
This situation increases the risk of the loan portfolio, affecting the price of lending resources for business entities.
The slow decline in the share of non-performing loans does not allow a rapid reduction in bank loans rates to the

desired level due to high systemic credit risk.

These trends restrain the rate of decline in bank loans rates.

IV. The size of the bank risk premium is determined not only by institutional factors in bank lending but also by
the general business environment in a particular country. It is worth taking into account the fact that when
granting loans banking institutions assess the borrowers’ risk of doing business because his financial condi-
tion directly depends on it. Accordingly, countries with better business conditions should have lower bank
loans rates. It is shown in Figure 10 that there is an inverse correlation between the index of ease of doing

business and the bank loans rate.
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Figure 10. The relationship between the ease of doing business index and the bank loans rate
(122-127 countries in different phases of their development as of 2018)

The correlation coefficient between the proposed factors is 51.5%. When calculating the ease of doing business
index, the World Bank takes into account a number of institutional factors, which are mainly tied to the legisla-
tion of a particular country. It follows that the insufficient legal framework for the protection of investors’ rights,
obtaining loans, registration and protection of property rights, resolving insolvency problems, etc., are the factors
of pressure on a possible reduction of bank loans rates in Ukraine.

CONCLUSIONS

Having researched the relationship between the dynamics of macroeconomic country’s development indicators
and the level of bank loans rates, based on international and Ukrainian practice, we conclude the following.

1. In the context of the Ukrainian experience, the main trends in the bank sector’s loans rates are:

a) Ukraine belongs to countries with high bank loans rates;

b) there are instability and sharp changes in the dynamics of the weighted average bank loans rate from year to
year;

¢) bankloans rates for households are higher compared to the cost of bank loans for businesses;

d) bankloans rates for short- and medium-term loans are higher versus for long-term ones;

e) bank rates on loans in foreign currency are lower compared to the loans in hryvnia;

f) there is a high share of non-performing loans to households and businesses in bank portfolios.

2. In the context of the world and Ukrainian practice a direct and (or) reverse effect between the dynamics of
macroeconomic and institutional indicators of the country’s and the level of bank loans rates are revealed:

a) the reverse effect between macroeconomic indicators GDP per capita, loans to GDP ratio, and the ease of do-
ing business index and bank loans rate is identified and statistically demonstrated;

b) the direct effect between the dynamics of the inflation rate in the country, the dynamics of non-performing
loans (NPL) and bank loans rate is identified and statistically identified.

In general, the dependences that are shown in Figure 5, 6, 8, 10 and the correlation coefficients indicate a greater

influence on the cost of bank loans is being made by factors such as inflation and ease of doing business, and a
smaller influence of factors such as GDP per capita and the share of loans in relation to the country’s GDP.
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a)

b)

)
d)

a)

b)

o

According to the above-mentioned relationships and trends, a significant “natural” reduction of loans rates
in Ukraine could be expected, provided:

the introduction of the state regulation measures in the monetary and other sectors of the economy aimed at
reducing inflation in the country;

the implementation of the structural reforms focused on general economic development and raising the
standards of life in Ukraine. This will lead to the increasing of the number of potential reliable borrowers on
the market of banking credit services (and as a result - to the reduction of the credit risk);

the intensification of banks’ actions targeted to reduce the share of non-performing bank loans;

the simplification of the legal, infrastructural and institutional conditions for doing business in the country etc.

The study areas, which can become further research based on this article:

modelling and assessment of the intensity of influence between the dynamics of macroeconomic indicators
and bank loans rates in Ukrainian and international practice; identification of the most and the least signifi-
cant factors;

modelling and assessment of the intensity of influence between the banking system activities indicators and
bank loans rates;

analysis of regulatory policies in the global and Ukrainian practice to intensify and reduce the cost of bank
lending services.
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TRENDS IN THE DEVELOPING UKRAINIAN
NON-BANK FINANCIAL SERVICE MARKETS
ASSESSED USING A MIXTURE

SEPARATION METHOD

Abstract

Non-bank financial institutions play an important role in the non-bank financial service markets ex-
pressed in expanding the access to financial services for individuals and legal entities. The non-bank
financial service markets demonstrate their performance peculiarities in the pre-crisis and post-crisis
periods that bring up to date the need to form a scientific presentation of their development trends.
Therefore, it is necessary to provide scientific background and identify the regress and progress pro-
cesses in the non-bank financial service markets.

The research aim is to develop an analytical approach to determining the peculiarities of the develop-
ment processes in the non-bank financial service markets. The research assesses the key indicators of
the non-bank financial service markets in terms of quantity by dividing a set of values into groups by
cluster analysis and multidimensional object clustering by a system of indicators, as well as identify-
ing the progress and regress patterns in the non-bank financial service markets.

Achieving the research results requires taking into account the above-mentioned objectives fulfilled
in seven stages.

The research results reflect the influence on the financial service markets exerted by the governmental
regulation policy and the consumer protection level in these markets.

financial services, non-bank institutions, insurance,
credit unions, regulation

G23,G28

Keywords

JEL Classification

H. M. Buykosa (Ykpaina), P. /1. Bauo (Yropmuna)

OLIIHKA TEHAEHLIN CYYACHOIO
PO3BUTKY PUHKIB HEBAHKIBCbKMX
®OIHAHCOBMX NOCAYI YKPAIHMU I3
3ACTOCYBAHHAM METOAY 3
PO3AI/IEHHA CYMILLI

AHoOTAaLiA

He6aHnkiBcpki (iHaHCOBI yCcTaHOBM BifiirpaloTh BaXX/INBY pONb HA pHUHKaX HeOAaHKIBCHKMX
(hiHaHCOBUX MOCTYT LMIORO PO3IMIMPEHHA JOCTYIy (Qi3MYHNUX Ta OPUAMYHUX 0cib 1o ¢iHaHCOBMX
nocyr. Bpaxoyroun 0co6mBocTi QyHKI[iOHYBaHHA HEOAHKIBCBKMX PMHKIB (iHAHCOBMX IOCTYT
y JOKPM30BMII Ta MOCTKPU30BUIl IEpiOfi, aKTyamidyerbcsi HeOOXifHICTb (OpMYBaHHSA HAyKOBOI
dopmanisanii TeH/eHIIii iX pO3BUTKY.

Takum 4MHOM, JOCHIiI)KeHH:, IPUCBAYEHI HAyKOBill apryMeHTallii Ta BCTaHOB/IEHHIO IIPOLIeCiB
perpecy Ta mporpecy Ha He6aHKiBCbKIX PMHKaX (PiHAHCOBYX ITOC/TYT € HEOOXiTHIMIL.

MeTor0 HOCTIIKeHHsI € pO3pOOKA aHATITUYHOTO MifXOAY /IS BUSHAYEHHsI 0COOIMBOCTEI! IPOLeciB
PO3BUTKY He6aHKIBCHKIX PUHKIB DiHAHCOBUX MOCIYT. Y HOCTIIKeHH] IIPOBEIEHO Ki/IbKICHY OLIiHKY
K/TIOYOBMX iHIMKATOPiB PO3BUTKY HeOAHKIBCHbKMX PUHKIB (PiHAHCOBUX MOCIYT IULIXOM PO3IOALTY
[IOKA3HUKIB Ha TPYIM 3 BUKOPMCTAHHIM KIACTEPHOTO aHasIi3y Ta 6araToBMMipHOI KIacTepusarii
06’eKTiB 3a CHCTeMOIO ITOKA3HNKIB, a TAKOXK BIUABICHHS 3aKOHOMIPHOCTEII IIPOTrpecy Ta perpecy Ha
pMHKax HeOaHKiBCbKMX (PiHAHCOBUX ITOCTYT.

OTpuMaHHA pe3ynbraTiB Mo>ke 6yTU JOCATHYTO 3 ypaXyBaHHAM BMILe3a3HAYEHMX IIEPEIyMOB 3 ix
BUKOHAaHH:AM Y CiM eTalliB.
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PesynbTaTyt JOC/IiKEHHHA BU3HAYAIOTh BIUIUB IOMITYUKY [IeP>KaBHOTO PEry/MOBaHHA Ha PUHKM (iHAHCOBUX NOCMIYT Ta PiBeHDb 3aXWUCTY
IPaB CIOXXMBAYiB Ha JOCTIIKYBAHIX PUHKAX.

OTpuMaHHA 6aXaHNX Pe3y/IbTATiB JOCTIKeHHA MOXe OYTI OTPMMAHO 3 YPaxyBaHHAM BIIIle3a3HAUCHNX ITi/eil Ta BUKOHAHHA IX y CiM eTamiB.
PesynbraTyt JOCT/KEHDb BI3HAYAIOTh BIUIMB HOJITUKM JEP>KaBHOTO PerymioBaHHA Ha PUHKY (GiHAHCOBMX MOC/YT Ta PiBeHb 3aXUCTY IPaB
CIIOXMBaYiB Ha TOCTI/IKYBaHUX PUHKaX.

Kawo4uoBi cz10Ba ¢inancoBi mocnyry, HebaHKIBCbKi (DiHAHCOBI YCTAHOBY, CTPaxyBaHHsI, KPEAUTHI CIIUIKY, PETYIIOBaHHS
Knacudikauia JEL G23,G28
INTRODUCTION

In modern conditions of deepening economic relations, non-bank financial institutions play an important role
in the markets of non-bank financial services (NBES) displayed in expanding the access to financial services for
individuals and legal entities. The functioning of these institutions helps to stimulate financial and economic
relations between economic entities at the micro-, meso- and macroeconomic levels. Given the volatility of the
basic factors influencing the non-bank financial service markets, there is a need to identify these factors as well
as the trends in internal processes occurring in the NBFS markets. The global financial and economic crisis of
2008-2009 showed the vulnerability of domestic financial service markets and their dependence on external
influences. Negative expectations of deteriorating economic conditions in the world and Ukraine, in particular,
due to the negative impact of coronavirus disease, create new challenges for government regulation in the NBES
markets.

To establish clear recommendations by state regulators for non-bank financial service markets, the latter need to
identify changing conditions in the studied markets in a timely manner. Therefore, the research works devoted to
scientific argumentation and establishment of regress and progress processes in the NBFS markets are updated.

1. LITERATURE REVIEW

This research included the scientific works by Maliarets (2006), Maliarets (2008), Ponomarenko and Maliarets
(2009) devoted to systematization and development of economic and mathematical models representing the
development trends of the chosen research targets in retrospect.

Masciandaro and Quintyn (2009) as well as Cihdk and Podpiera (2006) considered the possibility of introducing
a single regulator (megaregulator) in the financial service markets with a view to a new financial architecture.
Ingves (2011) studied the impact of the new Basel standards on the stability of banking financial institutions
and confirmed the need to improve the existing banking regulation. Goodhart and Tsomocos (2012) explored
the issue of ensuring financial stability in the financial service markets, assessing the regulatory impact on the
development of the studied markets.

The development trends of the financial service market have been influenced by the reformed international AML
system with the adaptation mechanism introduction in the state regulation sphere representing one of its elements.
Ponomarenko et al. (2019) assessed the impact exerted by the level of state regulation and supervision on the
development of the risk-oriented AML system based on a five-level hierarchical model applied to the development
of this system using Saati’s hierarchy analysis method.

The current transformation stage in the financial service market following the introduced risk-oriented approach
in Ukraine is marked by changes in the financial monitoring system as evaluated by Vnukova et al. (2020) through
to the probable determination of the connectivity among insurance companies using the graph theory tools and
indicator markers.

Macroprudential features seen in the regulation of the financial service markets are revealed in Hirtle et al. (2009).
Kolodiziev and Lozynska (2020) and other researchers explored current trends in the digital transformation
(digitalization) of the financial service market and the peculiarities of changes in the banking system.
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The works presented by the above-mentioned scientists do not provide means for determining the development
features peculiar to the non-bank financial service markets taking into account the possibilities of the improvement
dynamics or deterioration of the basic indicators which characterize the performance of the non-bank financial
service markets. Therefore, it is necessary to develop a special analytical and information approach that will
reflect the above patterns.

2. AIMS

The research is aimed at developing an analytical approach to determine the peculiarities of the development
processes in the NBFS markets, which assesses the key indicators of the NBFS markets quantitatively by dividing
the set of values into groups with the help of cluster analysis and multidimensional clustering of objects by a
system of indicators, as well as identifying patterns of progress and regress in the non-bank financial service
markets.

3. METHODS

The scientific advances in Ponomarenko and Maliarets (2009) formed a base for building the law of value
distribution with regard to each of the studied indicators applicable to the NBFS markets. It is possible to confirm
or refute the existing homogeneity or heterogeneity against an array of statistical samples while calculating the
normal distribution for the selected indicators.

Summarizing the primary information collected and published on the official website of the body that carried out
state regulation of the financial service markets in Ukraine for 20062018 provided a set of statistical information
for the study.

A hypothesis about the simultaneous existence of several distribution laws is formed by solving a mathematical
problem on the distribution of a mixture proposed by Pearson (1986). The differential and integral distribution
functions of a mixture of two components are expressed as a linear combination of normal distributions, by
determining certain parameters based on the method of moments. The set of values is divided into groups by means
of cluster analysis using a centroid connection and Ward’s method (Brucker, 1974). Finally, the multidimensional
clustering of objects by a system of indicators (Anderberg, 1973) makes it possible to establish the course of two
opposite processes, namely, progress and regress.

The desired research results can be obtained taking into account the above objectives and fulfilling them in the
following sequence: analyzing scientific and statistical sources to choose the indicators applied for assessing the
development of the NBFS markets while forming a system of indicators to assess their development; establishing
laws for the distributed values of each studied indicator of the NBFS markets; forming a hypothesis about the
simultaneous existence of several distribution laws for each of the indicators; dividing the set of indicator values
into groups by solving the problem of mixture division; building laws of value distribution of an indicator in each
cluster; calculating the centroid values in each cluster of indicator values; determining the type of development
process for the specific indicators of the NBFS markets, namely, progress or regress, building a dendrogram that
reflects the stratification of indicator values; grouping the indicators that characterize specific NBFS markets
and carrying out cluster analysis, selecting clusters, determining the value of their centroids; determining the
development process type for certain NBFS markets, building a dendrogram that reflects the stratification of
objects by clusters.

4. RESULTS

The existing performance peculiarities of the non-bank financial service (NBFS) markets in the pre-crisis and
post-crisis periods actualize the need to form a scientific presentation of their development trends. Given that the
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NBFS markets are described by the heterogeneity of characteristics (each of these markets has its own economic
nature of operation) (Pukala et al., 2019) and a broad set of indicators (specific indicators for each of the markets
differ from the economic content of the other market), and since the existing scientific approaches illustrate
the lack of tools to identify the relationship building among various features aimed at determining the main
factors (Maliarets, 2008) that drive the development of the NBFS markets, the need to specify approaches to the
analytical presentation of such changes becomes urgent.

To represent the development trends of the NBFS markets in Ukraine as following from the scientific developments
(Maliarets, 2006; Ponomarenko & Maliarets, 2009), the authors have formed an analytical approach, the use of
which involves several stages.

Stage 1. Forming a system of indicators that characterizes the performance of the NBFS markets. The list of
indicators with the assigned symbols that have been analytically processed is based on the existing data presented
in Table 1.

Stage 2. Building a value distribution law for each of the selected indicators. Confirmation or refutation of the
homogeneity or heterogeneity of the statistical sample array (Maliarets, 2006) while calculating the normal
indicator distribution (x,...k ).

The calculation of the normal indicator distribution (x,...k,) provides means for confirming or refuting the
existing homogeneity or heterogeneity of the statistical sample array (Maliarets, 2006). Confirmed or refuted,
the heterogeneity of the statistical sample array (inhomogeneous arrays differ at least by a vector of averages)
indicates the existence or absence of several normally distributed subsets, respectively.

Stage 3. Forming a hypothesis of several distribution laws that operate simultaneously. By confirming or refuting
this hypothesis, the existence of different processes has been scientifically proved, which in turn leads to the
conclusion about the presence/absence of structural changes in the respective NBFS market. For this reason, it
is necessary to divide the present sets by solving a mathematical problem on the mixture division proposed by
Pearson (Rissanen, 1986). The scientist suggests the representation of asymmetric distributions of the mixture
by two normal laws (Ponomarenko & Maliarets, 2009), i.e. two separate normal distributions can be uniquely
restored by the mixture distribution (Maliarets, 2006).

The differential and integral distribution functions of a mixture of two components are expressed as a linear
combination of normal distributions containing 5 parameters (Maliarets, 2006):

S =p- /() + py - f(%), ey

F(x) =p 'E(x)+p2 'Fz(x)a ()
1 _(x—ai)2
1/2”'51' eXp{ 2'512

y distributed components are mixed, with p +p,=1, a, - mathematical expectations of individual distributions,
8, — mean squared deviations of the individual distributions.

where f,(x) = }, F(x)= f fi()dt, p, p, - probabilities by which the normall

While determining the parameters of individual distributions, the method of moments was applied. The

smoothed function for each of the studied indicators is represented in Figure 1. The obtained graphs of the

smoothed functions prove the existence of several sets of features, which is confirmed by the pronounced “breaks”
(waveform) of the built graphs for each of the studied parameters. In order to represent such changes numerically,
it is necessary to separate the sets into corresponding groups by means of cluster analysis.

Stage 4. Dividing the set of values into groups by cluster analysis. It is proposed to use cluster analysis at this stage,
which will offer a means for determining the number of components and their composition based on the mixture
data. This approach rests upon the fact that over the last decades, significant progress has been made in cluster
analysis, and some current varieties of analysis are credible in the classification objectivity. Within the scope of
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cluster analysis, one of the main basic points of qualitative calculation and results presentation is the choice of
the distance between the groups of objects (clusters), which may include about twelve different methods, the most
common of which are centroid linkage and Ward’s method. The first method is characterized by comparing the
distance between their centers, and the second one determines the proximity of the two clusters by combining
them and determining the minimum increment of the total variance. The advantage of using Ward’s method to
classify objects while measuring the feature size is expressed by the ability to identify clusters of nearly the same
size (Ponomarenko & Maliarets, 2009).

Stage 5. Calculating the numerical characteristics for each subset of the indicator values. Given that the analytical
potential of solving the mixture split problems is the ability to separate subsets in the aggregate of the statistical
information set and calculate the statistical characteristics of individual subsets, it is necessary to study the mag-
nitude of the characteristics shown by specific indicators and determine the levels of indicator values that char-
acterize the NBFS markets. For this purpose, the obtained calculations have been summarized in Table 1 from
which it is seen that the data set of each indicator can be represented by two clusters. At the same time, one can
distinguish certain features inherent in the process of indicator clustering.

Firstly, several indicators are divided by cluster analysis into two clusters, and in a chronological framework this
is continuous, otherwise speaking, the set of features (years of study) in Cluster 2 represents a continuation of the
Cluster 1 set of features. Such indicators are as follows (see the data in Table 1): x, (non-bank financial institutions’
assets), y, (a volume of the non-state pension insurance market), z, (a premium volume of the risk segment), z,
(assets of insurance companies belonging to the risk segment), z, (a share of technical provisions in the total in-
surance reserves), z, (a share of the risk insurance companies’ assets in the insurers’ total assets), z , (a share of the
risk insurance companies’ reserves in assets), v, (a volume of life insurance premiums), v, (a share of life insurance
premiums in gross premiums), v, (a volume of insurance payments), v, (a volume of redemption amounts), v, (a
volume of insurance indemnities and redemption amounts), v, (a volume of mathematical insurance reserves),
v, (life insurance assets of the insurance companies), v, (HHI of life insurance), g, (a number of the issued cer-
tificates of mandatory third-party insurance coverage), g, (total premiums derived from mandatory third-party
insurance coverage), g, (total insurance indemnities derived from mandatory third-party insurance coverage),
g. (an average value of mandatory third-party insurance coverage), g, (a number of settled cases of mandatory
third-party insurance coverage), g (an average compensation for mandatory third-party insurance coverage),
and k , (a share of the reporting credit unions).

Secondly, several indicators are characterized by the presence of one cluster within a chronological row, that is, in
the time frames, the initial period and the end period of the chronological row create another cluster (see Table 1).

In this case, the smoothed function assumes an undulating form, and the graph ends imitate the initial rep-
resentation, which indicates the recurrence of economic processes in the final years of the study and at the initial
stage. The indicators characterized by these features are as follows: x, (a share of the NBF institutions’ assets in
GDP), y, (a volume of credit unions’ services), z , (a share of the first 50 insurance companies included in the risk
segment), z , (HHI of the risk segment), v, (a number of life insurance companies), k, (a number of credit unions),
k, (a number of credit unions’ members), k, (a share of the population covered by credit cooperatives), k, (a share
of credit unions’ productive assets), k, (total contributions made by credit unions’ members), k | (a number of re-
porting credit unions).

Thirdly, it is necessary to mention a group of indicators displaying trends that count in favor of a certain cycli-
cality, process repetitiveness in the respective NBFS markets. This repeatability is confirmed by the presence of
two clusters that alternate in chronological order. Put in other words, the chronological row of Clusters 1 and 2 is
divided by time. Such “breaking” of clusters in chronological rows testifies to the cyclicality of processes. These
indicators (Poyda-Nosyk & Vdovenko, 2017) of the NBFS markets include v, (a level of life insurance payments),
v,, (@ market share of the first three life insurance companies), v, (HHI of the life insurance market), and k , (a
ratio of credit union borrowers to depositors).

Stage 6. Comparing centroids in each group and determining the development process type. Clustering and iden-
tifying the periods that determine the chronological framework of clusters enables us to assess the nature of the
development process shown by specific indicators. With this in view, the research compared the calculated values
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Table 1. Summarized results of cluster analysis for selected indicators of the NBFS markets in Ukraine for 2006—2018

Symbols that characterize the NBFS markets and their placement in clusters

Year

2006
2007
2008
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2009 :

Cluster number

2010

2011

2012

2013

2014

2015

2016

2017

2018

Economics of Development, Volume 19, Issue 4, 2020

W IO O:MO:IN:©OW:©O:©O:A: NN N W:! Hh 00:N:OD

N
N

QIO N0 IN W WA~ iWw wWwih H

NIV IW IO W I Ia© O : : :

‘Quantity
‘in the
. cluster

538
146.2 538

46.2

Share of

30174

i
S
1364847 10,1478
Timn T

T
8115
76175
o
T
a2

9977
4502
- 106375
267912
76438

P
4365
6,361.8?
g42 2947
11400 7135
6246 3305
68.68 45495
739.83 22777

clusters, % EVaIue of centroids

53



Economics of Development, Volume 19, Issue 4, 2020

of the centroids (mean values) with regard to the selected clusters. The obtained values of centroids, when com-
pared, make it possible to reach a conclusion on the progress or regress of the specified indicators.

It should be noted that the study examines two development types — progress and regress. Progress indicates a
qualitative change in the indicator towards improvement, which in turn does not mean that the increase in the
Cluster 2 centroid value compared to Cluster 1 testify to progress. Specific generalizations are in place to consider
the economic nature of the indicator formation.

Comparisons of the calculated values of centroids derived from the studied indicators (see Table 1) allow us to
form the following general conclusions:

1)

2)

3)

o4

regarding the indicators that are characterized by a chronological sequence of clusters:

development regress is observed in indicators z, (a share of technical provisions in the total insurance re-
serves), z, (a share of the risk insurance companies’ assets in the insurers’ total assets), z,; (a share of the risk
insurance companies’ reserves in assets), v, (a volume of life insurance premiums), k , (a share of reporting
credit unions);

development progress is stated in terms of x, (non-bank financial institutions’ assets), y, (a volume of the
non-state pension insurance market), z, (a premium volume of the risk segment), z_ (assets of insurance com-
panies belonging to the risk segment), v, (a volume of life insurance premiums), v, (a share of life insurance
premiums in gross premiums), v, (a volume of insurance payments), v, (a volume of redemption amounts), v,
(a volume of insurance indemnities and redemption amounts), v, (a volume of mathematical insurance re-
serves), v, (life insurance assets of the insurance companies), v,, (HHI of life insurance), g, (a number of the
issued certificates of mandatory third-party insurance coverage), g, (total premiums derived from mandatory
third-party insurance coverage), g, (total insurance indemnities derived from mandatory third-party insur-
ance coverage), g, (an average value of mandatory third-party insurance coverage), g, (a number of settled
cases of mandatory third-party insurance coverage), g, (an average compensation for mandatory third-party
insurance coverage);

regarding the indicators that are characterized by one of the clusters present in the middle of the chronolog-
ical row:

development regress occurs in the middle of the sampling period at k, (a share of credit unions’ productive
assets);

development progress is observed in the middle of the sampling period at x, (a share of the NBF institutions’
assets in GDP), y, (a volume of credit unions’ services), z,, (a share of the first 50 insurance companies includ-
ed in the risk segment), z , (HHI of the risk segment), v, (a number of life insurance companies), k, (a number
of credit unions), k, (a number of credit unions’ members), k, (a share of the population covered by credit
cooperatives), k, (total contributions made by credit unions’ members), and k , (a number of reporting credit
unions);

regarding the indicators characterized by process repeatability:

progress follows the cyclical regress, and the chronological sequence ends with regress in the case of k ,indi-
cator (a ratio of credit union borrowers to depositors);

regress follows the cyclical progress, and the chronological sequence ends with progress for such indicators as
v, (alevel of life insurance payments), v, (a market share of the first three life insurance companies), v, (HHI
of the life insurance market).
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Indicators with a chronological sequence of clusters
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Figure 1. Examples of generalization patterns showing the development process of indicators by the cluster

analysis method

Stage 7. Multidimensional clustering of objects (years) by the indicator system to determine the flow of the two
processes.

Within the study scope, cluster analysis addressed not only single indicators, but also a group (set) of indica-
tors that share common characteristics, that is, characterize specific NBFS markets, or NBFS markets in general
(Table 1). The use of cluster analysis for a specific set of indicators explains the development trends in the NBFS
markets studied. According to the calculations (Figure 2), common trends are effective for the non-state pension
insurance market and credit cooperation, since Cluster 1 covers 2006-2012 and Cluster 2 - 2013-2018.

Two periods are clearly distinguished in the risk insurance segment: 2006-2013 and 2014-2018; 2006-2015
and 2016-2018 are identified for life insurance; 2007-2009 and 2010-2018 display mandatory third-par-
ty insurance coverage. It should be noted that the credit cooperative market is characterized by the presence
of Cluster 2 (covering the period of 2007-2012), which separates the chronological framework of Cluster 1
for 2006 and the period of 2013-2018.
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Evaluating the indicators that characterize the assets of all non-bank financial institutions and the shares of all
NBEFS markets in GDP, the authors find a certain trend recurrence in 2018 with the trends for the period of 2006-
2014, forming Cluster 1 as opposed to Cluster 2 (covering the period of 2015-2018).

At the same time, the impossibility of obtaining the cluster analysis results for the whole set of indicators under-
lines the authors’ thesis about the existence of its own development trends for each of the studied NBFS markets
and the need to study each of them separately.

Based on the developed analytical approach, it has been established that the NBFS markets are characterized by
several periods distinguished by opposite development trends (Figure 2).
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Figure 2. Results of the analytical approach applied to define the development processes in the NBFS
markets
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Source: Developed by the authors.
Figure 2 (cont). Results of the analytical approach applied to define the development processes in the
NBFS markets

As can be seen from Figure 2, the insurance market is characterized by the following features (Figure 2, a—c):
positive growth trends in risk insurance in 2006-2013, and since 2014 there has been a setback; more steady de-
velopment in life insurance in 2016-2018 as opposed to the 2006-2015 recession; enhanced trends of sustainable
development in the mandatory third-party insurance coverage market as observed in 2010-2018, which is con-
firmed by higher values of centroids for each of the indicators characterizing this market compared to the period
of 2007-2009.

2007-2012 was the most favorable period for the development of the credit cooperation market (Figure 2d), which
is characterized by the division of the chronological framework into three periods with sequential processes of
progress and regress.
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Stage 8. Comparing the centroids in each group and determining the development process type by a system of
indicators.

At the final stage of the analytical approach application, the results were summarized taking into account the ag-
gregation of indicators and change directions in the numerical expression of the centroids of the formed clusters,
as well as determining the process course in the NBFS markets.

Thus, the risk insurance market (Figure 2a) is characterized by two clusters: Cluster 2 (2014-2018) imitates
Cluster 1 (covering 2006-2013), and the development progress is confirmed, which proves the increasing centroid
values of the corresponding Z,2,2,2, indicators. The decrease of the centroid values of Zy 2 Z,, indicators did
not affect the overall assessment of the growth in this market, which is explained by the estimated nature of their
obtaining, as the decrease in the risk segment share means a simultaneous growth of the life insurance market,
which is generally desirable for Ukraine and corresponds to the insurance market trends in the EU countries.

The life insurance market (Figure 2b) is characterized by similar trends as the risk segment. However, the chron-
ological framework of Cluster 2 is 3 years (2016-2018), which indicates more favorable conditions for functioning
and ensuring the recent development of life insurance in Ukraine. As is clear from the data presented in Table 1
and Figure 2b, a reduced number of life insurance companies did not result in an increasing market concentra-
tion, since a decrease in the centroid value of v, indicator testifies to increased competition in the market.

The mandatory third-party insurance coverage market (Figure 2c) has had a clear positive upward tendency
since 2010. The centroid values of Cluster 1 and Cluster 2, when compared, confirm the thesis that the centroid
valuesof g, g,, g, 8., g, and g indicators in Cluster 2 are greater than the values of the similar Cluster 1 indicators.

A special situation is observed in the credit cooperative market (Figure 2d). The calculations prove that there
are two clusters: Cluster 1 contains the chronological frames of 2006 and 2013- 2018, while Cluster 2 addresses
the period of 2007-2012. Based on the compared centroids of the indicators peculiar to each cluster, the authors
conclude that the development of the credit cooperative market in Ukraine was characterized by regress in 2006,
progress in 2007-2012, and repetitive regress in 2013-2018.

CONCLUSIONS

Consequently, the research was based on the proposed analytical approach to determine the course of processes
in the NBFS markets, which provides quantification of key indicators reflecting the NBFS markets’ performance
by dividing the totality of values into groups by cluster analysis and performing multidimensional clustering
of objects by the system of indicators, as well as the implementation of qualitative characteristics of the devel-
opment level for the selected indicators based on the determined limit values of the latter, using the methods of
multidimensional cluster analysis, Pearson’s criterion, Ward’s method, mathematical statistics and techniques
(generalization, grouping, comparison), which determines the patterns of progress and regress in markets under
the implementation of the policy adopted by the National Commission for State Regulation of Financial Service
Markets regarding the activity of non-bank financial institutions and the protection of the NBFS consumer rights.

With the help of the obtained calculations related to the non-bank financial service markets in Ukraine, the pe-
riods of progress and regress have been determined, which is a precondition for determining the cyclical devel-
opment of the studied markets in the future. Further development of this scientific issue will include establishing
the strength of the influence of regulatory functions exerted by the central government on the relevant indicators
that characterize the development of the studied markets.
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