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AHoTauifa. B pgaHuin 4yac KpaiHu i perioHn € ob’ektamu BRNUBY
couianbHO-EKOHOMIMHMX 3arpo3, WO MatoTb pidHe noxomkeHHda. OfHieo 3
Hambinbll BaXNMMBMX 3 HUX € ICTOTHA perioHanbHa HepiBHOMIPHICTb
€KOHOMIYHOIro pPO3BUTKY, fKa MpuU3BOAUTL [0 3aroCTPEHHSA couiaribHOl
Hanpy>XeHOCTi B CYCNINbCTBI, 3HWXEHHS PIBHA couianbHoi 6e3nekn. Taki
3arpo3n nputamMaHHi He TiNbKM OKpeMUM KpaiHam, a M MiKperioHanbHUM
o6'egHaHHAM, Takum gk €sponencbkun Cotos. Lle npussoantb O HeBaKaHHSA
KpalH-QOHOpIB BUTpadaTn Bce Binbluy 4YacTUHY CBOro Ooxo4y Ha MiaTPUMKY
pPO3BUTKY KpaiH-akuenTopiB. Mpobnema perioHanbHOI HepiBHOMIpHOCTI Byna
BMBYeHa OGaratbma BYeHUMW. [1poTe, CTpyKTypa HEpPIBHOMIPHOCTI He
pocnigkeHa pgocutb noBHO. Metoto pobotn € nobyaoBa €KOHOMIKO-
MaTeMaTUYHUX mMoaenen aHanisy  perioHanbHOl  HepiBHOMIPHOCTI
€KOHOMIYHOro po3BuUTKy. OB'ekTaMu LOCMIOKEHHA € CUCTEMM Makpo- Ta
Me30piBHIB. MakpopiBeHb npeactaBneHnn €sponencbkum CoOO30M Ta MOro
KpalHamu-dneHamn. MesopiseHb npeacTaBneHnn YkpaiHow Ta 1l perioHamu.
BanoBui BHYTpIWHIA NpOAyKT Ha Aywly HaceneHHs (ana €C) i Banosuu
perioHanbHUN NPOAYKT Ha Aywy HaceneHHa (ons YkpaiHu) Oynu obpaHi B
SAKOCTI KINKYOBUX IHOWMKATOPIB HEPIBHOMIPHOCTI PO3BUTKY.

[MponoHoBaHi  MoAeni  3acHOBaHI  Ha  NpunyweHHaxX  Teopil
KYMYNATUBHOIO 3pOCTaHHS i MeTofax AMCNEepPCINHOro aHanidy. 3acTtocyBaHHS
3anponoHoBaHMX MoAenen [[O03BOSISE MO3ULIOHYBATU OKpeMi TepuTopii B



CUCTEMI KOOPAWHAT «piBEHb PO3BUTKY - PiBEHb HEPIBHOMIPHOCTI»; BUOINATU
LEHTPU EKOHOMIYHOro 3pPOCTaHHA, MNPOOMEeMHI PerioHn i rpynu pPerioHiB 3
OAHOPIAHMM XapakTepoM 3MiH B €KOHOMIYHOMY pPO3BUTKY; 34IMCHIOBATU
NOPIBHANLHUIA aHarni3 TeHAeHUin HEepiBHOMIPHOCTI €KOHOMIYHUX CUCTEM Ha
MaKpoO- i Me30- piBHSAX.

KntoyoBi cnoBa. Teopisi KyMynaTUBHOIO 3pOCTaHHS, MOAerb, aHarnis,
cepefHbOKBagpaTUYHE BIOXWIEHHS, BanoBUW perioHanbHUA  MPOAOYKT,
BaroBWUW BHYTPILLHIA NPOAYKT, perioHarnbHa HEPIBHOMIPHICTb.

AHHOTaumusa. B HacToslee BpemMs CTpaHbl U PErnMoHblI NogBeprarTcH
couManbHO-9KOHOMUYECKMM  yrpo3aM,  KOTOpble  MMEKT  pasfimyHoe
npoucxoxageHne. OgHoM K13 Haumbornee BaXHbIX W3 HUX ABNsSeTCA
CcyLlecTBeHHasa pernoHarnbHas HepaBHOMEPHOCTb 3KOHOMUYECKOIO pa3BUTKS,
KoTopasi NpMBOAUT K 0BOCTPEHMIO colmnanbHON HanpshkeHHOCTU B obLiecTse,
CHWKEHUIO YPOBHS couunanbHon 6e3onacHoCcTU. Takue yrposbl NpUCYLUN He
TONbKO OTAENbHbIM CTpaHaMm, HO M MeXpernoHasnbHbIM 06beauHEeHUsM,
TaknMm Kak EBponenckui cors. OTO NPUBOAUT K HEXENaHUK CTpaH-4OHOPOB
TpaTnTb BCce BOMbLIyD YacTb CBOEro Aoxoda Ha nogaep)XaHue pasBuTUS
cTpaH-akuenTtopoB. [lpobnema pervMoHanbHOW HepaBHOMEPHOCTM Obina
n3yyeHa MHOMMMU y4eHbIMU. TeM He MeHee, CTPYKTypa HEPaBHOMEPHOCTU He
nccrnegoBaHa [OCTaToOMHO MOMHo. Lenbko paboTbl 9BNAETCS NOCTPOEHME
SKOHOMMKO-MaTeMaTU4eCKnxX mMoaenen aHanusa pervoHasribHou
HepaBHOMEPHOCTM 3KOHOMMYECKOro passutmnda. ObbekTamu uccnefoBaHus
ABMAITCA CUCTEMbI Makpo- U Me3oypoBHen. MakpoypoBeHb npencrasrieH
Esponenckum  Coto3om ©n  ero cTpaHamu-dyneHamu. MesoypoBeHb
npeacTtaBneH YKpanHon n ee permoHamu. BanoBon BHYTPEHHUM NPOAYKT Ha
aywy Hacenenus (ona EC) n BanoBow pernoHanbHbI MPOAYKT Ha Oylly
HaceneHus (ons YKpauHbl) 6binn  BbIOpaHbl B KayecTBe  KIHYEBbIX
MHONKaATOPOB HEPABHOMEPHOCTU pPa3BUTUS.

[Mpeonaraemble MoAenn OCHOBaHbl Ha MPeanonoXeHnax Teopun
KYMYNATUBHOIO pocTa M MeTodax LUCMEPCUOHHOro aHanusa. [pumeHeHue
NPpeanoXeHHbIX Mogenen ro3BOSiSeT  MNO3UUMOHMPOBATL  OTAESIbHbIE
TEPPUTOPUN B CUCTEME KOoOpAMHAT «YypoOBEHb pPa3BUTUS — YPOBEHb
HepaBHOMEPHOCTUY; BblAeNATb LEeHTPbl  3KOHOMWYECKOro pocTa,
NpoONeMHble PervoHbl U Tpynnbl PerMoHOB C OOHOPOLHbIM XapaKTepom
N3MEHEHMN B OSKOHOMWYECKOM pPa3BUTUWN; OCYLLECTBIISATb CpPaBHUTENbHbLIN



aHanu3 TeHOeHUMn HepaBHOMEPHOCTU IKOHOMMUYECKUX CUCTEM Ha Makpo- U
Me30- YPOBHSAX.

KnrouyeBble cnoBa. Teopusa KyMynaTMBHOrO pocTta, MOAENb, aHanus,
cpegHekBagpaTUYeckoe OTKINOHEHME, BanoBOW pPervoHanbHbIM  NPOAYKT,
BanoBOW BHYTPEHHWUA NPOLYKT, permoHanbHasi HepaBHOMEPHOCTb.

Annotation. Nowadays countries and regions suffer from socio-
economic threats, which have different origins. One of the most crucial ones
Is notable regional unevenness of development, which leads to aggravation of
social tension in society, decline in the level of social safety. These kinds of
threats are not only inherent in individual member countries but also inter-
regional associations, 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 hasn’t been researched fully enough. The research
aims to construct economic and mathematical analysis models of economic
development regional unevenness. The objects of the research are
macroeconomic and mesoeconomic systems. The macro level is presented
by the European Union (EU) and its member countries. The meso level 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 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 — unevenness levely;
select the canters of economic growth, problem regions and groups of
regions with homogeneous nature of changes in economic development;
carry out a comparative analysis of unevenness trends at macro and meso
levels.

Keywords. Theory of cumulative growth, model, analysis, standard
deviation, gross regional product, gross domestic product, regional
unevenness.

Introduction. The current stage of development of economic systems
Is accompanied by the deployment 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 security. Problems of this nature are not confined
to individual countries, but they are peculiar to inter-regional associations,
such as the European Union. This leads to a reluctance of donor countries to
spend increasingly more of their income on maintain an adequate
development level of acceptor countries.

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

The theory of cumulative growth, which is a synthesis 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 area of theoretical approaches to the study of regional economic
growth is based on the concept of "mutual and cumulative 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. Hirschman confirms an irregular mode of a country’s economic growth.
This is caused by uneven nature dependent 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. Perry, who has 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 development channels of
distribution of "increase effects".

The theory of "growth poles" was further developed in the works of P.
Pottier, J. R. Lasuen, J. Friedman, T. Hagerstrand. [3-5].



The content of foreign theories of regional economic growth and
development has been most comprehensively analyzed in the work by
Y. Hajiyev [6, p. 49-52]

There are works of domestic scientists dealing with specific aspects of
uneven regional development. Thus, V. Ermachenko has been exploring
unevenness as a factor of tourist flows in Ukraine [7, p. 98]. E. Rayevneva
and O. Krupa [8, p. 54-64] examined the uneven economic development of
regions in terms of their investment appeal. 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 inter-regional
divergence of real incomes of the Russian Federation population on the basis
of the Gini coefficient, Theil's entropy measure, Atkinson index and other
indicators [9, p. 113-115].

T. Klebanova, L. Guryanova, S. Svetunkov, O. Sergienko in their works
analyzed the unevenness development of regions based on convergence
models, simulation, scenario modelling and mathematics of complex numbers
[10, 11, 13, p. 269-277, 14, p. 408-421, 15, p. 471-479]. The papers of
Ukrainian scientists have rejected the hypothesis of convergence of regional
development processes in Ukraine [12, p. 29-32].

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

Research setup. The goal of this research is 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 areas, problem areas, carry out a comparative analysis of
the unevenness structure.

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



The objects of study are the 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:

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

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

o to select the centres of economic growth, the problem regions,
and groups of regions with homogeneous nature of changes in economic
development;

o to make a comparative analysis of the unevenness structure at
macro and meso levels.

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 (sometimes with other countries’ indicators) [16, p. 321].

The main economic indicators are gross domestic product (GDP), gross
regional product (GRP), gross national product (GNP), gross value added
(GVA) or national income (ND) per capita. The level of economic
development is also characterized by indicators of the branch structure
(production in industry, production in construction, production in agriculture),
financial indicators (general and sector levels of investment, including per
capita), indicators of scientific 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 (see Fig. 1).

1. Formation the initial data matrix, Y = (ytj), t=1T,j=1n

!

2. Calculatation the average level for each year, y;, t = 1,T

\ 4

3. Calculatation deviations from the average level, Ay;;, t = 1,T,

A 4

4. Calculatation the deviation average values, Ay;, j = 1,n

'

5. Calculatation standard deviation, o;,j = 1,n

i
y

6. Calculatation the coefficient of variation, VCj,j =1n

Fig. 1. 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 = (y,;) 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, (j = 1,n).

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
=——, t=1,T.
YVt n
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:

Ayt = Vij — Voo t=1T,j=1n

Fourthly, the average deviation for each region is determined:

_ T Ay,
_ Lt=18)tj -
Ay] - Ti ] - 11 n,
Fifthly, the standard deviation (SD) is calculated. It is the best

dispersion indicator.

j {zl(AYtj - A_Yj)z
O'j =

T-1 ’

j=1n.

Sixthly, the value of the variation coefficient (or relative standard
deviation) is determined. The coefficient of variation (VC) is defined as a ratio
of the standard deviation to the mean. It shows the extent of variability in
relation to the mean of the values:

- 100 %, j=1n.

_J

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

Let’'s consider the results. Fig. 2 — Fig 3 shows 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
separating 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 smaller values.


https://en.wikipedia.org/wiki/Sample_(statistics)
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Fig. 2. The dynamics of the GRP per capita average and median values
in Ukraine

The flat segment of the graph of average values of GRP is the
consequences of the financial crisis of 2008 — 2009 years for Ukraine (see
Fig. 2). During the same period the trend changed direction for the EU (see
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 average values deviations from the
average level were obtained for the period of 2000-2013. In Ukraine, positive
average deviations were found in the following regions: Dnipropetrovsk,
Donetsk, Poltava, Kyiv, Zaporizhzhia, Kharkiv, Odesa, Luhansk and Mykolaiv
. These regions are industrial ones and have a strong transport infrastructure.
In the EU, positive average deviations were found in the following countries:
Italy, Iceland, Germany, Ireland, Sweden, Switzerland, Norway, 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 development of individual regions, as well as make
inter-regional comparisons. In Ukraine, the highest values of standard
deviation are demonstrated by the following regions: Donetsk, Poltava, Kiev,
Dnipropetrovsk, Zakarpattia, Chernivtsi and Ternopil. In the EU the highest
values of standard deviation are shown by ltaly, Iceland, Germany, Ireland,
Sweden, Switzerland, Norway, Luxembourg, Slovakia, Portugal, Greece,
Cyprus, Spain.

The calculated values of the variation coefficient in the period of 2000 -
2013 for Ukraine are presented in Table 1.

Table 1
The coefficients of variation for the period of 2000 - 2013

Ne Region VC | Ne Region VC | Ne Region VC
1 | Zaporizhzhia | 54,44 | 9 | Kirovohrad 71.61 | 17 | Dnipropetrovsk 80.04
2 | Cherkasy 58,38 | 10 | Vinnytsia 72.92 | 18 | Volyn 81.38
3 | Donetsk 64,32 | 11 | Chernivtsi 74.07 | 19 | Sumy 82.54
4 | Zhytomyr 65.07 | 12 | Chernihiv 75.17 | 20 | lvano-Frankivsk 83.51
5 | Odesa 65.64 | 13 | Poltava 75.25 | 21 | Rivne 86.58
6 | Ternopll 67.71 | 14 | Kherson 75.94 | 22 | Mykolaiv 99.13
7 | Kharkiv 69.62 | 15 | Zakarpattia | 76.83 | 23 | Kyiv 108.52
8 | Khmelnytsk 71.44 | 16 | Lviv 78.12 | 24 | Luhansk 152.24

The values of variation are very high, thus it is 108.5 % for the Kiev
region, 152.2 % for Lugansk, 99.1 % for Mykolaiv, while for the other regions
this value varies from 54 % to 87 %. This indicates a significant level of
spread of GRP per capita in Ukraine and the lack of uniformity and a constant
trajectory of economic 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 (o;,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 development can be considered high (or at least above average).
Negative values indicate that the level of development is below average.

The standard deviation may be interpreted as a measure of balance, a
measure of evenness of development. High values (above a certain
threshold) indicate the presence of 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 on 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 Il —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 below

(Fig. 4).
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Fig. 4. Implementation of Unevenness Model of Analysis




Average values of both indexes for each quadrant are presented
in Fig. 5.
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Fig. 5. Average values for the quadrants

Let’'s analyze the obtained results. The values of deviation are almost
the same for quadrant | and quadrant Ill (-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
guadrant 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 IVV”. Their values of deviation are
almost identical too and only differ in the sign.

The second and the third quadrants consist of countries, which have
inverse vectors of development according to their means. But they may be
characterized as stable ones according to their variances (576 — for quadrant
2 and 590 — for quadrant IIl). 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 Ay; for quadrant Il is almost two times higher

than for quadrant IV. As the variances in quadrant Ill are less, its situation
may be characterized as consistently negative.

Let’s consider the situation in each quadrant.

The first quadrant consists of the following countries: Italy, Iceland,
Germany, Ireland, Sweden, Switzerland, Norway and Luxembourg. The
situation within the quadrant is shown in Fig. 6-7.
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Fig. 7. Standard deviation o; - quadrant |

According to Fig. 6, such countries as Luxembourg, Norway and
Sweden have demonstrated maximum values of Ay;. This means their GDP
levels consistently greatly exceeded the average EU level. The highest
variance was calculated for Luxembourg. Other countries have lower
variances. But their values are high compared with those from quadrant Il and
quadrant IlI.

For the majority of countries (except Italy, Sweden 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 Norway, by 11.61 % for Sweden, by 9.47 % for Luxemburg,
anomalous growth of 72 % was demonstrated by Iceland). Italy has shown a
negative growth of approximately 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 countries: the United
Kingdom, France, Belgium, Finland, Austria, the Netherlands and Denmark.

The situation within the quadrant is shown in Fig. 8 - 9.
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A leading position in this quadrant belongs to Denmark. This country
has the highest values of A_y]- and o; and demonstrates a great potential.

The United Kingdom has the lowest value of the A_y]- index. Its position
in Fig. 4 is very close to the x-axis, its Ay,; values are always the lowest (see

Fig. 10). That is why it may change the quadrant.

A positive growth of Ay,; compared with the 2000 year level 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 demonstrated by France.
For Denmark it is 11.51 %, for Netherlands it makes 4.95 %, for Belgium it is
3.78 %.

All participants of the quadrant have shown high standard deviations.
All series can be adequately presented only by polynomial functions. Thus
forecasting values may fluctuate and show either increase or decrease.
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Fig. 10. Dynamics of Ay, ;— quadrant Il.

The third quadrant consists of Bulgaria, Romania, Latvia, Poland,
Lithuania, Hungary, Croatia, Estonia, Czech Republic, Malta and Slovenia.
The results are shown in Fig. 11 — 12.
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Bulgaria and Romania have the highest values of A_yj. 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 in 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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Fig. 13. The worsened dynamics of Ay, ; - quadrant Il

The dynamics of Ay,; is perfectly described by polynomial functions

(Fig. 13) and has the same fluctuations. 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 Ayy; is shown by the rest of quadrant members. The
highest levels of growth are for Lithuania (12.28 %), Estonia (11.62 %) and
Latvia (7.89 %). For 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.

For its member countries the GDP levels are the lowest. The high levels
of standard deviations give reason to assume an unstable position of these
countries (Table 2).

Table 2
Characteristics of the quadrant IV
Index Slovakia | Portugal | Greece | Cyprus | Spain
Average deviation -15162 | -9340,3 | -6068,9 | -3568,9 | -2933,2
Standard deviation 939,513 | 1253,86 | 1842,24 | 1019,64 | 991,626




The levels of Ay,; have demonstrated a dramatic fall for the majority of
countries. The series are adequately 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 relative growth of Ay;;
equals approximately 13 %. But the absolute value of Ay,; still remains the
worst (-13 564.5 in 2013).
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Fig. 14. Dynamics of Ay,; - quadrant IV

The application of the proposed model to Ukraine is analyzed below
(Fig. 15).
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Fig. 15. Implementation of the regional unevenness analysis model

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

Donetsk, Poltava, Kiev, and Dnepropetrovsk regions are in quadrant |I.
These regions are not only characterized 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 trajectory.
These regions are leading industrial regions, which produce "growth
impulses”. The advantages of these regions may eventually increase.
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In quadrant Il got Mykolaiv, Luhansk, Odesa, Zaporizhzhia and Kharkiv
regions. These are the regions with the value of GDP that is above average
and balanced 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. 17. The dynamics of average annual value deviations for regions in
guadrant 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 Kharkiv
region and Zaporizhzhia region which are stable ones with a growth potential.

Vinnytsia, Volyn, Zhytomyr, Ivano-Frankivsk, Kirovohrad, Lviv, Sumy,
Kherson, Khmelnytskyi, Cherkasy and Chernihiv regions belong to quadrant
lll. These are the regions 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
guadrant 11l

Ternopil, Zakarpattia, Rivne and Chernivtsi are in quadrant IV. These
are the regions with the lowest level of economic development and a negative
dynamics (Fig. 19).

Potentially, these regions are a threat to the economic security of the
country. These regions are outsiders.
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According to the retrospective analysis conducted for Rivne only, it had
situated within quadrant 3 until 2012. However, its declining trend dropped
the region into quadrant 4.

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

European Union Ukraine

Fig. 20. The quadrants structure

In both cases members of quadrant 1 and quadrant 2 demonstrate the
highest level of socio-economic development. The members of quadrant 2
are relatively stable. The members of quadrant 1 produce "growth impulses”.
The advantages of these members may eventually increase. The higher a
share of these two quadrants, the better economic situation of the system as



a whole. The share of the first and the second quadrants 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 numerous one. Its share
equals almost one third for the EU. But in case of Ukraine this value equals
50 %. So, half of regions of Ukraine do not demonstrate growth potential.

In general, the structures are comparable with each other.

Conclusions.

The absence of intersections on the graphs of Ay,; shows a relative

stability of the composition of the quadrants over time for the EU. However, in
case of Ukraine the structure of quadrants may be changed.

The model suggested by authors allows carry out analysis of quadrants
structure in dynamics. It also makes it possible to determine those regions
which are situated near axes and may migrate from the present 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 economic 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 of greater stagnation of the adjacent regions
against this background.

Future research directions.

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