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THE REGIONAL UNEVENNESS OF ECONOMIC DEVELOPMENT
IN UKRAINE AND THE EU: MODELS OF ANALYSIS

S. Prokopovych
N. Chernova

Nowadays countries and regions are under socioeconomic threats of different origin. One of the most crucial ones
is notable regional unevenness of development, which leads to aggravation of social tension in society, a decline in
the level of social security. Threats of this kind are not only inherent in individual member countries but interregional
associations as well, such as the European Union. This leads to a reluctance of donor countries to spend an increasingly
greater share of their income on supporting the acceptor countries' development. The regional unevenness problem has
been studied by many scientists. However, the structure of unevenness has not been researched fully enough. Economic
and mathematical models have been constructed to analyze the economic development regional unevenness. Macroeconomic
and mesoeconomic systems have been researched. The macrolevel is presented by the European Union (EU) and its member
countries. The mesolevel is presented by Ukraine and its regions. Gross domestic product per capita (for the EU) and gross
regional product per capita (for Ukraine) have been selected as key indicators of the unevenness development.

The proposed models are based on the cumulative growth theory assumptions and variance analysis methods.
The models make it possible to position separate territories within the system of coordinates "development level — un-
evenness level"; select the centers of economic growth, problem regions and groups of regions with homogeneous
nature of changes in the economic development; carry out a comparative analysis of the unevenness trends at the
macro- and mesolevels.

Keywords: theory of cumulative growth, model, analysis, standard deviation, gross regional product, gross
domestic product, regional unevenness.
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PETOHAJIbHA HEPIBHOMIPHICTb EKOHOMIYHOIO PO3BUTKY
B YKPAIHI TA €C: MOOEJI AHANI3Y

lpokonoesuy C. B.
HepHoea H. J1.

Y uel yac kpaiHu U pezioHu € o6'ekmamu 8rugy couyiasibHO-eKOHOMIYHUX 3a2p03, WO Maomb Pi3HE MOXOOKEHHS.
OO0Hiero 3 Halbinbw 8aXkUBUX i3 HUX € ICMOMHa pe2ioHarbHa HEPIBHOMIPHICMb €KOHOMIYHO20 PO38UMKY, sIKa Mpu3eo-
Oumb 00 3a20CMPEHHS coujanbHOI Harpy>XeHocmi 8 CycninbCmei, 3HUXEHHs pieHs1 coyiarnbHol 6e3neku. Taki 3azposu
npumamaHHi He MINbKU OKpeMuM KpaiHam, a U MixpezioHanbHUM 06'¢eOHaHHAM, makum sk €eponeticbkul Coros.
Lle npuseodumb 0o HebaxkaHHS KpaiH-O0Hopie sumpadyamu ece binbly YacmuHy ¢8020 00x00y Ha nidmpuUMKy PO38UMKY
KpaiH-akyenmopis. [Mpobnemy pezioHanbHOI HepieHoMipHocmi 6yrno sug4eHo bazambma g84eHUMU. [Tpome cmpykmypy
HepigHoMipHocmi He docridxeHo documb No8HO. [ns aHanidy pe2ioHarnbHOI Hepi@HOMIPHOCMI €KOHOMIYHO20 PO38UMKY
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nobydosaHo eKOHOMIKO-MamemamuyHi modeni. [ocnidxeHo cucmemu mMakpo- ma me3opieHie. MakpopieeHb npe3eHmo-
e8aHo €aponelickkum Corw3oM ma (020 KpaiHamu-dneHamu. Me3opieeHb rnpe3eHmMosaHo YkKpaiHow ma ii pecioHamu.
Banosutli sHympiwHit npodykm Ha Oywy HaceneHHsi (0nsa €C) i eanosuli pezioHanbHUl Mpodykm Ha Oywy HacerieHHs
(0nsa YkpaiHu) 6yno obpaHo KroHo8uMU iHOUKamopamu HepieHOMIpHOCMI pO38UMKY.

lporioHosaHi Modeni 3acHO8aHO Ha MPUryUWeHHSIX meopii KyMynsmueHo20 3pocmaHHs ma memodax ducrep-
ciliHo2o aHanidy. 3acmocysaHHs 3arpornoHosaHux Mooesieli 00380JI5€ MO3UYOHy8amu OKpeMi mepumopii 8 cucmemi Koop-
OuHam "pieeHb po38UMKY — pieeHb HepigHOMIpHOCMI"; 8UBINAMU UeHMPU eKOHOMIYHO20 3pocmaHHs, MpobremMHi pe2ioHu
ma 2pynu pezioHie 3 00HOPIOHUM XapaKkmepoM 3MiH 8 EKOHOMIYHOMY PO38UMKY; 30iliCHI08amuU MOPIGHSAMbHUL aHarni3 meH-
OeHUyili HepieHOMIPHOCMI EKOHOMIYHUX CUCMEM Ha MakpO- | Me30pPI8HSIX.

Knroyoei crioea: meopisi KyMynssmugHo20 3pocmaHHsi, MoOe/ib, aHari3, cepeOHboKeadpamuyHe 8iOXUNEHHS, 8aro-
8ull peeioHanbHUl npodykm, eanosull HympiwHit rnpodykm, pezgioHanbHa Hepi8HOMIPHICMEb.
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PEr’MOHAJIbHAA HEPABHOMEPHOCTb 3KOHOMUYECKOI'O PA3BUTUSA
B YKPAUHE U EC: MOOENN AHAJIN3A

lpokonosuy C. B.
HepHoea H. J1.

B Hacmosiwee apemsi cmpaHb! U peeuoHb! 1od8epaaromcsi CouUaibHO-3KOHOMUYECKUM yepo3aM, KOmopbie UMeom
pasnu4Hoe npoucxoxdeHue. OOHOU u3 Haubonee 8aXHbIX U3 HUX S18/11€MCS CyWecmeeHHas peauoHarnbHas Hepas-
HOMepPHOCMb 3KOHOMUYECKO20 pal3sumusi, Komopasi npueodum Kk 060cmpeHuUto couyuanbHOU HamnpsikeHHocmu 8 obLye-
cmee, CHUXEeHUIO YpoeHsI coyuarbHol 6e3onacHocmu. Takue yepo3bl Mpucyuu He moJsibko omoOesibHbIM cmpaHaM, HO U
MexpeauoHabHbiM 06bedUHEHUsIM, makuM Kak Eeponelickuli Coto3. Omo npueodum K HexenaHuw cmpaH-00HOopo8
mpamumb ece 6onbwyto Yyacmb ceoeeo 0oxola Ha noddepxkaHue pasgumusi cmpaH-akyenmopos. [Mpobnema peauo-
HarnbHOU HepasHoOMepHocmu bbina udydeHa MHO2UMU y4YeHbIMU. TeM He MeHee, CmpyKkmypa HepasHoOMepHocmu
He uccnedosaHa 0oCmMamoyHO MOMHO. [nsi aHanusa peauoHasbHOU HepasHOMEePHOCMU 3KOHOMUYECKO20 passumusi
rnocmpoeHbl 3KOHOMUKO-MameMamudeckue modenu. ViccriedosaHbl cucmeMbl Makpo- U Me30yposHel. MakpoypogeHb
npedcmasneH Esponetickum Coro3om u e2o cmpaHamu-dneHamu. MesoyposeHb npedcmasneH YkpauHoU u ee peauo-
Hamu. Banoeol eHympeHHuUUl rnpodykm Ha Oywly HaceneHusi (0ns1 EC) u eanosou peauoHarbHbIl npodykm Ha Oywly Hace-
nieHusi (0ns1 YkpauHbl) 6biu 8b16paHbl 8 KaYecmee KtoHesbiX UHOUKamopoe HepasHOMepHOCMU passumusi.

lNpednazaemblie MoOesiu OCHOBaHbI Ha NMPEOMOMOXEHUSIX MeopuU KyMysIssmueHo20 pocma U memodax OuCrepCUOH-
Hoeo aHanus3a. [NpumeHeHue rpednoxeHHbIx Modersiel Mo38onssem No3UyUOHUPo8ams omoerbHbIE MeppuUMmopuU 8 cucmeme
KOOpOuHam "yposeHb pa3sumusi — ypo8eHb HEPaBHOMEPHOCMU'"; 8bIOENISMb UEHMPbI 3KOHOMUYECKO20 pocma, rnpobremHbie
peauoHbl U 2pyrinbl PeauoHO8 C OOHOPOOHLIM XapakmepoM USMEHEHUU 8 3KOHOMUYECKOM pa3sumuu; OCyUlecmerisimb

CcpasHUMesbHbIU aHanu3 meHOeHyul HepasHOMepHOCMU 3KOHOMUYEeCKUX cucmeM Ha MaKpo- U Me30YPOBHSIX.

Knroueenbie cnosa: meopusi KyMynsimueHO20 pocma, Modesib, aHanu3, cpedHekgadpamu4yecKoe OMKIIOHEHUE,
earosoll peauoHarsnbHbIl npodykm, eanoeoli 8HympeHHUl npodyKm, peauoHarbHas HepagHOMEPHOCMb.

The current stage of development of economic
systems is accompanied by the expansion of crises of
various origins. So Ukraine is faced with the problem of
a significant differentiation of development levels of
individual regions and territories, which is one of the
main causes of acute social tension, falling social secur-
ity. Problems of this nature are not confined to individ-
ual countries, but they are peculiar to interregional
associations, such as the European Union. This leads
to a reluctance of donor countries to spend an increas-
ingly greater share of their income on supporting an
adequate development level of acceptor countries.

The problem of uneven development of territories
has been studied by many domestic and foreign scientists.

The theory of cumulative growth, which is a syn-
thesis of neo-Keynesian, institutional, economic and
geographical models can be accentuated. These
models are based on the use of scale and specialization
effects whose synergy can lead to a new qualitative
transformation in the system. This trend in the of theor-
etical approaches to the study of regional economic
growth is based on the concept of "mutual and cumu-
lative conditionality" of the Swedish scientist G. Myrdal
[1, p. 565-575]. Specialization and economies of scale

may eventually lead to the growth and strengthening of
certain benefits of a region — the growth pole on the
background of decline in other regions. A similar theory
of "backward and forward linkages" introduced by A. Hir-
schman confirms an irregular mode of a country's eco-
nomic growth. This is caused by uneven localization of
economic development resources. At the same time,
this theory supports the "unbalanced growth", which
can give an impetus to mobilization of potential reserves
for the benefit of the territorial development [2].

The concept of "growth poles" was put forward
by the French economist F. Perroux, who proved that
economic growth is activated at some points or poles of
growth and with a variable intensity it is distributed
through various channels [3, p. 60-65]. In other words,
the regional growth does not ensure convergence of
the levels of economic development of the territories,
although some equalization is possible through the devel-
opment channels of distribution of "increase effects".

The theory of "growth poles" was further devel-
oped in the publications of P. Pottier, J. R. Lasuén,
J. Friedman, T. Hagerstrand [3-5].

The content of foreign theories of regional
economic growth and development has been most
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comprehensively analyzed in the paper by Yu. Gad-
zhiev [6, p. 49-52].

There are publication of domestic scientists dealing
with specific aspects of uneven regional development.
Thus, V. Yermachenko has been exploring unevenness
as a factor of tourist flows in Ukraine [7, p. 98]. E. Rayev-
nyeva and O. Krupa [8, p. 54—64] examined the uneven
economic development of regions in terms of their invest-
ment potential. Regions are divided into homogeneous
groups in the system of axes "investment potential —
investment risk" estimated by the standard deviation.

Various economic and mathematical methods and
models are widely used to solve problems of estimation,
analysis and forecasting of regional differentiation.

M. Malkina has conducted a study of factors of
interregional divergence of real incomes of the Russian
Federation population on the basis of the Gini coef-
ficient, Theil's entropy measure, Atkinson index and
other indicators [9, p. 113-115].

T. Klebanova, L. Guryanova, S. Svetunkov, O. Ser-
gienko in their works analyzed the unevenness develop-
ment of regions based on convergence models, simu-
lation, scenario modelling and mathematics of com-
plex numbers [10; 11; 12, p. 269-277; 13, p. 408-421;
14, p. 471-479]. The papers of Ukrainian scientists
have rejected the hypothesis of convergence of region-
al development processes in Ukraine [15, p. 29-32].

In most of the studies the uneven development of
territories was determined for each time (year) separately,
the unevenness structure has not been investigated.

The research aims to build models of evaluation
and analysis of regional unevenness of economic
development in Ukraine and the European Union. This
will help highlight the centres of economic growth,
problem areas, carry out a comparative analysis of the
unevenness structure.

In this study, the authors propose to carry out
analysis at the meso- and macrolevels. The mesolevel
is represented by a separate region of Ukraine, with a
separate EU country being a macrolevel object.

The objects of study are 24 regions of Ukraine,
except for the temporarily occupied territory of the
Autonomous Republic of Crimea, and 31 European
Union countries. The research period is limited to the
years from 2000 to 2013. Thus, the study period does not
only include the years of relative economic stability but the
financial crisis of 2007 — 2008 and the years of overcoming
its consequences. This allows the authors to explore
the phenomenon of uneven economic development
over a long period and under different conditions.

The following objectives were set in accordance
with the goal of the study:

¢ to identify the key indicators that will help
assess the level of economic development of the
territories;

¢ to build assessment and analysis models of
the regional unevenness level,

¢ to select the centres of economic growth, the
problem regions, and groups of regions with homoge-
neous nature of changes in economic development;

¢ to make a comparative analysis of the uneven-
ness structure at macro- and mesolevels.

The analysis of the publications has shown that
indicators which are most frequently used for regional
development assessment and analysis can be divided
into three groups: economic, social and political. The level
of regional development is determined by comparing
regional indicators (development indicators) with the
national average, or with those of other regions (some-
times with other countries' indicators) [16, p. 321].

The main economic indicators are the gross do-
mestic product (GDP), the gross regional product (GRP),
the gross national product (GNP), the gross value
added (GVA) or the national income (ND) per capita.
The level of economic development is also character-
ized by indicators of the branch structure (production
in industry, production in construction, production in agri-
culture), financial indicators (general and sector levels
of investment, including per capita), indicators of scien-
tific and technical progress (turnover from innovations,
total R&D expenditure) and others. It is also crucial to
take into account indicators of institutional changes
(change of the form of ownership, restructuring, etc.).

Within this paper the authors suggest to use
GRP per capita for regions of Ukraine and GDP per
capita for EU countries.

The assessment model of regional unevenness
is proposed to be build according to the algorithm
shown below (Fig. 1).

1. Formation of the initial data matrix, ¥ = (;).
(=TT, j=Tx

v

2. Calculation of the average level for each year, y,,
t=1,T

3. Calculation of deviations from the average level,
Ay, t=1T,j=1n

v

4. Calculation of the deviation average values, E}-,

j=Tn

v

5. Calculation of standard deviation, o, j = 1n

v

6. Calculation of the variation coefficient, V(;, j = 1n

Fig. 1. The algorithm for constructing
the assessment model of regional unevenness
of economic development

Let us consider the stages of the algorithm
in more detail.

Firstly, the initial data matrix Y = Vij is formed,
where y; is the value of GRP per capita (UAH) or GDP
per capita (EUR) in the year t, (t = 1,T) in the region j,
(G =1n).
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Secondly, the average level of development of
territories is calculated for each year as an average
GRP or GDP value according to the formula:

n
j=1Ytj

Ve = —

Thus, a general indicator is got to characterize a
typical level of regions' development per unit of a
homogeneous whole in each year.

Thirdly, the deviation of GRP from the average
level is calculated for each region:

Ay = Yej — Ve t=1T,j =1n.

Fourthly, the average deviation for each region
is determined:

t=1,T.

T_ Ay i
_ t=18)¢j
Ay; = - T
Fifthly, the standard deviation (SD) is calculated.
It is the best dispersion indicator.

. \/zgl(aﬂj %

j=1,n.

1 , j=1n.
Sixthly, the value of the variation coefficient (or
relative standard deviation) is determined. The coeffi-
cient of variation (VC) is determined as a ratio of the
standard deviation to the mean. It shows the extent of
variability in relation to the mean of the values:

9
VC; = |=|-100 %,

The proposed algorithm was applied to the
regions of Ukraine and the European Union. The initial
data sets were formed according to the open access
information of the State Statistics Service of Ukraine
and the European Statistical Committee [17; 18].

Let's consider the results. Fig. 2 and Fig. 3 show
the dynamics of the average values of GRP and GDP per
capita in Ukraine and the EU, respectively. Additionally,
the median was calculated. It shows the number sepa-
rating the higher half of a data sample from the lower half.

According to Fig. 2 and Fig. 3 the median values
are lower than the average ones. This shows the uneven
distributions of values and a strong shift towards small-
er values.

j=1n
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The flat segment of the graph of average values
of GRP is the consequences of the financial crisis of
2008 — 2009 years for Ukraine (Fig. 2). During the same
period the EU trend changed the direction (Fig. 3).
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Fig. 3. The dynamics of the GRP per capita average
and median values in the EU

The results of calculating the deviations of aver-
age values from the average level were obtained for
the period of 2000 — 2013. In Ukraine, positive average
deviations were found in the following regions: Dnipro-
petrovsk, Donetsk, Poltava, Kyiv, Zaporizhzhia, Kharkiv,
Odesa, Luhansk and Mykolaiv. These are industrial regions
with a strong transport infrastructure. In the EU, positive
average deviations were found in the following countries:
ltaly, Iceland, Germany, Ireland, Sweden, Switzerland, Nor-
way, Luxembourg, the United Kingdom, France, Belgium,
Finland, Austria, the Netherlands and Denmark.

The indicator SD gives a convenient way to
demonstrate disparities in the level of economic devel-
opment of individual regions, as well as make interregion-
al comparisons. In Ukraine, the highest values of stand-
ard deviation are demonstrated by the following re-
gions: Donetsk, Poltava, Kyiv, Dnipropetrovsk, Zakarpat-
tia, Chernivtsi and Ternopil. In the EU the highest values
of standard deviation are shown by Italy, Iceland, Ger-
many, Ireland, Sweden, Switzerland, Norway, Luxem-
bourg, Slovakia, Portugal, Greece, Cyprus, Spain.

The calculated values of the VC (variation coef-
ficient) in the period of 2000 — 2013 for Ukraine are
presented in Table 1.

Table 1
The coefficients of variation

25000 for the period of 2000 — 2013
—e— Average

20 000 —— Median Region VC Region VC
1. Zaporizhzhia | 54,44 |13. Poltava 75.25
15 000 2. Cherkasy 58,38 |14. Kherson 75.94
3. Donetsk 64,32 |15. Zakarpattia 76.83
10 000 4. Zhytomyr 65.07 |16. Lviv 78.12
5. Odesa 65.64 | 17. Dnipropetrovsk 80.04
5000 6. Ternopil 67.71 [18. Volyn 81.38
7. Kharkiv 69.62 |19. Sumy 82.54
0 O d N O T WOM~O®DDO oA N ™ 8. Khmelnytsk | 71.44 |20. Ivano-Frankivsk | 83.51
2888888888388 8 s 9. Kirovohrad 71.61 |21. Rivne 86.58
NN A AN NN N NN N N [10. Vinnytsia 72.92 |22. Mykolaiv 99.13
Fig. 2. The dynamics of the GRP per capita average 11. Chernivtsi 74.07 | 23. Kyiv 108.52
and median values in Ukraine 12. Chernihiv 75.17 |24. Luhansk 152.24
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The values of variation are very high, thus it is
108.5 % for the Kyiv region, 152.2 % for Luhansk,
99.1 % for Mykolaiv, while for the other regions this
value varies from 54 % to 87 %. This indicates a signifi-
cant level of spread of GRP per capita in Ukraine and
the lack of uniformity and a constant trajectory of eco-
nomic development of regions.

A model of the regional unevenness analysis
has been built on the basis of the graphical method.
The average deviation of GRP or GDP per capita of the
average level (Ay;,j =1,n) and standard deviation
(g;,j = 1,n) have been used as initial indicators.

The initial set of indicators was formed according
to the following assumptions. If the average values of
the deviations are positive, then the level of develop-
ment can be considered high (or at least above aver-
age). Negative values indicate that the level of devel-
opment is below average.

The standard deviation may be interpreted as a
measure of balance, a measure of evenness of devel-
opment. High values (above a certain threshold) indi-
cate the imbalance of the territory development. Low
values demonstrate a balanced, steady development.

When calculations of A_yj and o, are made,

each region (or country) may be presented as a point
in two-dimensional space. The obtained set of points
should be divided into four relatively homogenous
groups (quadrants) with the following characteristics:

Quadrant | — a positive average value and a high
standard deviation.

Quadrant Il — a positive average value and a low
average deviation.

Quadrant Ill — a negative average and a low
average deviation.

Quadrant IV — a negative average and a high
average deviation.

The application of the proposed model to the EU
is analyzed in Fig. 4.

Luxembourg 4
I Ay; . |
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gUni'(ed * L g
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: Cyprus
Slovenia .. |
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Czech Estonia ® ) g
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Romanﬁ .th ania
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Fig. 4. Analysis of the application
of the unevenness model to the EU

¥ Greece

The average values of both indexes for each
guadrant are presented in Fig. 5.

] 19 003

-20 000 -10000 0 10000 20000 30000

OStandard deviation B Average

Fig. 5. The average values for the quadrants

Let's analyze the obtained results. The values of
deviation are almost the same for quadrant | and quad-
rant Il (-19 003 and -15 864 respectively). These values
indicate a significant difference between the GDP of
these countries from the EU average level. However,
if members of the first quadrant may be described as
leaders (positive deviation), the third quadrant consists
of outsiders (negative deviation). Similar considerations
are also valid for the couple "quadrant Il — quadrant IV".
Their values of deviation are almost identical too and
only differ in the sign.

The second and the third quadrants consist of coun-
tries which have inverse vectors of development ac-
cording to their means. But they may be characterized
as stable ones according to their variances (576 for quadrant I
and 590 for quadrant Ill). Quadrant | and quadrant IV
are unstable zones, because of relatively high variances.
Additionally, the values of instability are equal, but opposite,
as in the case with the third and second quadrants.

When comparing situations in the third and fourth

quadrants you can see that the average value of A_yj for

guadrant Il is almost two times higher than for quad-
rant IV. As the variances in quadrant Il are less, its situ-
ation may be characterized as consistently negative.

Let's consider the situation in each quadrant.

The first quadrant consists of the following coun-
tries: Italy, Iceland, Germany, Ireland, Sweden, Switzer-
land, Norway and Luxembourg. The situation within the
guadrant is shown in Fig. 6 and Fig. 7.

Italy

49 552.5
Luxembourg

Germany

Norway Iceland
39902
Switzerland Ireland

Sweden

Fig. 6. Average deviation F}, in quadrant |
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Fig. 7. Standard deviation o, in quadrant |

According to Fig. 6, such countries as Luxem-
bourg, Norway and Sweden have demonstrated max-
imum values of Ay;. This means their GDP levels consist-
ently greatly exceeded the average EU level. The highest
variance was calculated for Luxembourg. Other countries
have lower variances. But their values are high com-
pared with those from quadrant Il and quadrant Il1.

For the majority of countries (except Italy, Swe-
den and Switzerland) the dynamics of Ay, indexes
can be described adequately by polynomial functions.
Sweden and Switzerland have demonstrated upward
linear trends while Italy has shown a downward linear
trend.

For most countries you can see an increase in
the values of Ay,; compared with 2000 level (by 19.07 %
for Ireland, by 25.34 % for Sweden, by 4.27 % for Nor-
way, by 11.61 % for Switzerland, by 9.47 % for Luxem-
burg, anomalous growth of 72 % was demonstrated by
Iceland). Italy has shown a negative growth of approxi-
mately 135 %. As it is situated very close to the x-axis
in Fig. 4, this country may change its quadrant in the
near future.

The second quadrant includes the following coun-
tries: the United Kingdom, France, Belgium, Finland,
Austria, the Netherlands and Denmark.

The situation within the quadrant is shown in Fig. 8
and Fig. 9.

Fig. 9. Standard deviation o, in quadrant Il

A leading position in this quadrant belongs to
Denmark. This country has the highest values of Ay;
and o; and demonstrates a great potential.

The United Kingdom has the lowest value of the
Ay; index. Its position in Fig. 4 is very close to the
x-axis, its Ay,; values are always the lowest (Fig. 10).
That is why it may change the quadrant.

A positive growth of Ay,; compared with the level
in 2000 is only presented by the United Kingdom (4.67 %),
Finland (8.95 %) and Austria (12.48 %) (Fig. 10). Other
members of the quadrant have negative growth values.
The highest negative growth of 22.18 % is demonstrat-
ed by France. For Denmark it is 11.51 %, for Nether-
lands it makes 4.95 %, for Belgium it is 3.78 %.

All participants of the quadrant have shown high
standard deviations. All series can only be adequately
presented by polynomial functions. Thus, forecasting
values may fluctuate and show either increase or
decrease.
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Fig. 8. Average deviation Ay; in quadrant Il

Fig. 10. The dynamics of Ay,; in quadrant Il

The third quadrant consists of Bulgaria, Romania,
Latvia, Poland, Lithuania, Hungary, Croatia, Estonia,
the Czech Republic, Malta and Slovenia. The results
are shown in Fig. 11 and Fig. 12.
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Fig. 11. The average deviation Ay; in quadrant Il

Bulgaria

Czech

Fig. 12. The standard deviation ¢; in quadrant Il|

Bulgaria and Romania have the highest values of
Ay;. A relatively better situation is with Slovenia (-9 211.8),
Malta (-10 726) and the Czech Republic (-12 176).

The analyzed quadrant consists of members
which demonstrate high standard deviations. However,
Slovenia is an exception among those countries with a
relatively low value (Fig. 12).

The situation with dynamics has worsened for
Bulgaria (by -4.73 %), Croatia (by -7.56 %), Hungary
(by -7.551 %), Malta (by -1.71 %), Romania (by -1.58 %),
Slovenia (by -2.81 %) and Croatia (by -7.56 %) (Fig. 13).
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The dynamics of Ay,; is perfectly described by
polynomial functions (Fig. 13) and has the same fluc-
tuations. Visual analysis makes it possible to track a
similar deterioration trend until 2007. Then all lines
except Slovenia tend to grow. Actually, Slovenia has
demonstrated a return to the 2000 level. This situation
was not probably due to real improvements within the
country. The reason is in its stable position against
deterioration in other countries.

A relative growth of Ay,; is shown by the rest of
the quadrant members. The highest levels of growth
are in Lithuania (12.28 %), Estonia (11.62 %) and Latvia
(7.89 %). In the Czech Republic and Poland those levels
are 4.35 % and 1.97 %, respectively. All trends may be
described as polynomial functions only.

Quadrant IV consists of Slovakia, Portugal, Greece,
Cyprus and Spain.

These countries show the GDP lowest levels.
The high levels of standard deviations give reason to
assume an unstable position of these countries (Table 2).

Table 2

Characteristics of quadrant IV

Index [ Slovakia | Portugal | Greece | Cyprus | Spain

Average

deviation -15162

-9340.3 | -6 068.9 | -3568.9 |-2933.2

Standard

939.513 | 1253.86 | 1 842.24 | 1 019.64 | 991.626

deviation

The levels of Ay,; have demonstrated a dramatic
fall for the majority of countries. The series are adequate-
ly described by linear functions for Spain, Cyprus and
Portugal. As for Greece the best variant is a polynomial
function. The greatest reductions in Ay,; against the 2000
level have been demonstrated by Spain (-138.23 %)
and Cyprus (-112.15 %). A better situation is for Greece
(-71.80 %) and Portugal (-49.51 %).

Slovakia has shown a linear upward trend. Its rela-
tive growth of Ay,; equals approximately 13 %. But the
absolute value of Ay,; still remains the worst (-13 564.5
in 2013).

8383833885333 233
SRSJIIIKIRIKRKR]RR
o771
-2 000 -
000 M
-6 000 - <
-8 000 +
-10 000
-12 000
-14 000 ﬁ
-16 000 “
18 Q0 giovakia —8— Greece —&— Spain
——Cyprus —¥—Portugal

Fig. 13. The worsened dynamics of Ay,; in quadrant Il

Fig. 14. The dynamics of Ay,; in quadrant IV



NMaTtemaTtdHi meTogn, Mogesr
Ta iIHhopMaLiiHI TEXHOIOM B EKOHOMILJ

The application of the proposed model to Ukraine
is analyzed in Fig. 15.
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i Chernihiv v

Fig. 15. The application of the regional unevenness
model to Ukraine

Consider the characteristics of the regions, placed
in each of the quadrants.

Donetsk, Poltava, Kyiv, and Dnipropetrovsk re-
gions are in quadrant |. These regions are not only char-
acterized by significantly higher levels of development
in the researched period but also by a high level of
deviation from the national average, high dynamic changes
(Fig. 16 shows the dynamics of the levels of deviations
from the average GRP per capita values). But these
changes are with a "+" sign and have a stable trajec-
tory. These regions are leading industrial regions, which
produce "growth impulses”. The advantages of these
regions may eventually increase.
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with the value of GDP that is above average and bal-
anced development. These are industrial regions with a
developed transport infrastructure, bordering the regions-
leaders. Due to this they have growth potential. Fig. 17
shows the dynamics of the levels of GRP per capita
deviations from the average data.
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Fig. 16. The dynamics of average annual value
deviations for regions in quadrant |

Mykolaiv, Luhansk, Odesa, Zaporizhzhia and Khar-
kiv regions are in quadrant Il. These are the regions

Fig. 17. The dynamics of average annual value
deviations for regions in quadrant Il

The trajectory of economic development has
been stable for these regions until 2008 — 2009. The
positive deviations indicate that these regions have a
certain potential for development. However, a small
measure of deviation indicates the need for additional
resources to enable these regions to go to the group of
the leading regions. This is especially true of the Khar-
kiv region and Zaporizhzhia region which are stable
ones with a growth potential.

Vinnytsia, Volyn, Zhytomyr, Ivano-Frankivsk, Kirovo-
hrad, Lviv, Sumy, Kherson, Khmelnytskyi, Cherkasy and
Chernihiv regions belong to quadrant Ill. These are the re-
gions with lower-middle and low standard deviation levels.
For these regions the degree of deviation is insignificant,
but these deviations show a negative dynamics (Fig. 18).
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Fig. 18. The dynamics of average annual value
deviations for regions in quadrant Ill
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Ternopil, Zakarpattia, Rivne and Chernivtsi are
in quadrant IV. These are the regions with the lowest
level of economic development and a negative dynam-
ics (Fig. 19).

Potentially, these regions are a threat to the econom-
ic security of the country. These regions are outsiders.
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Fig. 19. The dynamics of average annual value
deviations for regions in quadrant IV

According to the retrospective analysis conduct-
ed for Rivne only, it had been situated within quadrant Il|
until 2012. However, its declining trend dropped the
region into quadrant IV.

Finally, let's analyze the structure of the quadrants
for the EU and Ukraine (Fig. 20).

the European Union

Fig. 20. The quadrants' structure
for the EU and Ukraine

In both cases members of quadrant | and quad-
rant Il demonstrate the highest level of socioeconomic
development. The members of quadrant Il are relatively
stable. The members of quadrant | produce "growth

impulses”. The advantages of these members may
eventually increase. The higher the share of these two
quadrants, the better economic situation of the system
as a whole. The share of the first and the second quad-
rants equals 48 % for the EU and 38 % for Ukraine.
That means a more even distribution for the EU.

In both cases, the third quadrant is the most numer-
ous one. Its share equals almost one third for the EU. But in
the case of Ukraine this value equals 50 %. So, half of the
regions of Ukraine do not demonstrate any growth potential.

In general, the structures are comparable with
each other.

The absence of intersections on the graphs of
Ayy; shows a relative stability of the composition of the
guadrants over time for the EU. However, in the case of
Ukraine the structure of the quadrants may change.

The model suggested by the authors makes it
possible to analyze the quadrants' structure in dynam-
ics. It also helps determine those regions which are
situated near the axes and may migrate from the
quadrant. Those regions do not demonstrate a stable
position. Thus it is crucial to investigate the opportunity
of changing their membership and select the factors
that may support such changes.

The results obtained by the authors correspond
to the cumulative growth theory. The levels of econom-
ic development of regions are not aligned with the
times. With specialization and economies of scale, the
limited advantages of the industrial areas can grow and
be multiplied with time. The distribution of this effect in
the regions or the so-called "divergent effects" lead to
the fact that the benefits of individual areas, growth poles,
lead to their catalyzed development and greater stag-
nation of the adjacent regions against this background.

Regional unevenness of development often leads
to aggravation of social tension in society, decline in the
level of social security. That is why it is crucial to con-
struct and implement a set of models that will produce
short-term and long-term forecasts of the level of uneven-
ness. Moreover, such models should be able to determine
the most significant factors which cause the unevenness.
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