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The article is considering the question of application of modern mathematical methods in order to evaluate
the level of sustainable development of countries. The analysis of indexes that traditionally applied for de-
termination of degree of socio-economic development of separate regions is conducted. The model analysis of
sustainable development of Eurozone countries was executed according to the data of official statistical sourc-
es for the members of EU for 2016. Clustering and classification of EU-28 countries was conducted according
to the meaningful measurements of sustainable development.
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ntroduction. Many problems the world runs

today are the result of unstable development.
Global climate change, holes in the ozone layer,
resource depletion, space debris, biodiversity loss,
malnutrition, extinction of ecosystems, global in-
equality and the risk of unprecedented nuclear
wars are perhaps among the most well-known but
not always the only examples.

Traditionally researches of problems of sustain-
able development had a tendency to concentrate
on the aspects of ecological or proof development
and ignore no less important spheres. In particu-
lar, it is problems of unfair development, extreme
poverty and starvation, resource wars, mostly be-
cause of oil. However, in the near future water can
become the subject of conflicts also, as her deficit
becomes all more extreme [4, p. 5].

Today stability needs to be examined as a new
paradigm, where the future is balance of three
components (economy, society and ecology), and
the aim is development and improvement of qual-
ity of life.

In different years the row of scientists from the
different countries of the world studied the ques-
tions of modeling of sustainable development, in
particular M. Hersh, J. Rehmeyer, W. Mellor, R. Clift,
P. Boulanger, T. Brechet, M. Kissinger, W. Rees,
S. Faucheux, D. Pearce, J. Proops, V. Todorov,
D. Marinova, G. Malinetskiy, A. Potapov, etc.

Selection of earlier unsolved parts of general
issue. Researches of problems of sustainable de-
velopment were conducted during not alone dec-
ade. However, a previous analysis had a tendency
to use «soft» approaches that does not need the
use of instruments of analytical, mathematical or
calculable methods. However, complication and in-
teractiveness of receipt of decisions of many inter-
related problems of sustainable development, that
can be used for development of compromises and
support of making decision in difficult, indefinite
terms, need necessary application of mathematical
and calculable methods [5, p. 352].

Purpose. The main purpose of this work is
a model analysis of process of sustainable devel-
opment of EU-28 countries by facilities of modern
instruments of mathematical modelling. Applica-
tion of more formal, mathematically reasonable
approach for determination of progress, related
to providing of sustainable development, will give
an opportunity to get the deeper understanding
of process and work out a reliable, scientifically
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reasonable base for politicians and officials that
make decisions.

Main Part. Sustainable development is a general
model of society, that envisages the observance of
balance between satisfaction of modern necessities
of humanity and defence of interests of future gen-
erations, in particular safe and healthy environment
of existence. It is the guided development, basis of
that is systems approach and modern information
technologies, that give possibility to design the dif-
ferent possible variants of development quickly and
qualitatively, with high probability to predict their
results and accept optimal decisions.

A question of choice of optimal variant of devel-
opment is important for every country, as develop-
ment of economy is related to natural limitations.
However, there are countries for that a survival
is an only strategic aim. Such countries provoke
threats and calls to international safety. The close-
ness of the nearby states creates ecological risks.
Swift globalization assists formation and intensify-
ing of economic and social dangers. Therefore an
achievement of sustainable development of regions
is an extraordinarily important problem. Direction
of sustainable economic development was chosen
by the row of the developed states, among them
there are the USA, Japan, European Union coun-
tries [1, p. 48].

Sustainable development is a main objective for
the European Union. It aims to improve quality of
life for present and future generations. Progress
for EU is economic development in combination
with the safe of environment and social justice.
For the estimation of level of sustainable devel-
opment of EU 10 primary purposes were select-
ed and appropriate indicators were identified by
Eurostat [13].

Socio-economic development envisages pros-
perity, introduction of innovations, development
of education and science, riches, competitive and
ecologically effective economy that provides the
high standard of living and full, quality employ-
ment on all territory of European Union. One of
indicators is rates of increase of the real GDP per
capita — measure of dynamism of economy and its
ability to create new workplaces (in %). The high
rates of increase of GDP mean that society gener-
ates additional economic resources for satisfaction
of economic necessities of present generation, in
order to invest in the future, or for the solution of
social and ecological problems [4, p. 61].
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Social integration envisages creation socially in-
clusive society, including solidarity between coun-
tries and into generations; providing of safety and
upgrading of life of citizens as precedent condi-
tions for development and prosperity of individual.

Change of climate and conservation of energy
has for an object strategy in relation to limitation
of climate change and negative consequences of
it use for society and environment. Indicators are
extrass of greenhouse gases and part of renewable
energy sources in the gross internal consumption
of energy (in %). There are all more proofs of that
the extrass of greenhouse gases are responsible for
global warming that causes negative consequences
for economic, social and ecological spheres at glob-
al level. The renewable energy sources have an
important value for the decline of dependence of
EU from the import of extractive fuel.

Strategy of effective management is an assis-
tance to the collaboration in political sphere and
co-ordination of countries of EU on local, regional,
national and global levels with the aim of increase
of their ante in sustainable development.

Measuring of progress is inalienable part of
strategy of sustainable development of EU. Every
year Eurostat determines basic economic indica-
tors on the basis of analysis of the last internation-
al economic events for 35 countries, 28 from that
are included in the zone of euro.

The value of GDP per capita or HDI are usu-
ally used for comparison of standard of living in
different countries. However, these indexes not al-
ways represent the real state of affairs [5, p. 75].
Comparisons of value of GDP in general is consid-
ered to be unappropriate, as an ultimate goal of
most people to be not rich, but happy and healthy.
Therefore in some countries of EU the index of
happiness is used for the estimation of welfare of
people and state of environment. It represents the
real welfare of nation. Economic freedom is one of
factors of sustainable development. The index of
economic freedom is annually calculated for the
most world countries. The indexes of perception of
prosperity are used for the estimation of quality
of life. There is a row of other indexes that are
traditionally use for the evaluation of sustainable
development [6, p. 67].

Model analysis of sustainable development of
EU-20 countries

For research of basic mutual dependences of
traditional indicators of sustainable development
the vehicle of mathematical and calculable meth-
ods is used [4, p. 346]. A model analysis is con-
ducted according to the official data [7-13] of next
most widespread indexes of sustainable develop-
ment for 2016 for the EU-countries: Human De-
velopment Index (HDI), Life expectancy at birt,
Expected years of schooling, Mean years of school-
ing, GDP per capita ($PPP), Gini Index, Ranked
of terrorism, Rank of corruption, Enabling Trade
Index, Availability and quality of transport infra-
structure, Availability and use of ICT, Social Pro-
gress Index, Access to Basic Knowledge, Health
and Wellness, Personal Freedom and Choice, Tol-
erance, Global Competitiveness Index, Ranking of
the world by economic freedom, The Global Peace
Index records a less peaceful and more unequal
world, Population, Migrants, Happy Planet Index,
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Wellbeing, Happy Life Years, Footprint, Inequality
of Outcomes, Happy Planet Index.

For today there is not compatible set of the uni-
versally recognized indicators and perfect method-
ology of determination of sustainable development.
Except of that, a substantial problem is absence
of reliable estimations of several indexes for some
countries of EU. Therefore for realization of quality
analysis it is expedient to use the different math-
ematical methods of analysis and compare the got
results [4, p. 143].

The cross-correlation analysis of all preliminary
select indexes is conducted to form an optimal set
of factors that will be used in further researches.
It was found, that for EU countries, as well as
for other ones of the world, exactly HDI is denser
in all related to the repressing amount of index-
es that traditionally considered to be the measur-
ing devices of sustainable development [2, p. 244].
However, row of factors, poorly or mildly correlate
with HDI In particular, The Global Peace Index
(-0,03), Gini Index (r = 0,08), Happy Planet In-
dex (r = 0,09), Population (r = 0,33), Mean years
of schooling (r = 0,4), Access to Basic Knowledge
(r = 0,47), Ranking of the world by economic free-
dom (r = 0,6) Migrants (r = 0,56) and Health and
Wellness (r = 0,63). That is why it is expedient not
to use them for the construction of mathematical
models of sustainable development.

Tree clastering (joining, k-means clustering)
[3, p. 356] is conducted in the work for EU-28 coun-
tries for the meaningful measuring of sustainable
development (Fig. 1, 2).
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Fig. 1. Dendrogram of EU countries
for the meaningful measuring
of sustainable development

Source: worked out by authors after [7-13]

The research was performed with analytics
platform Statistica. By means of k-means method
3 clusters of countries (Fig. 2) are distinguished.
Only 3 countries entered to the first cluster — Cy-
prus, Italy of and of Spain. These countries are
mainly characterized by the mean values of the
indexes for the EU-countries that was selected for
an analysis. However, the greatest mean value on
the cluster of Life expectancy at birth (81,57) and
the least values of Footprint (4,17) and Rank of
corruption (54,33) among the EU-countries were
fixed in this countries. At the same time here is
minimum value among country — members of
EU of Availability and use of ICT (5,31), Personal
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Freedom and Choice (68,65) and Ranking of the
world by economic freedom (65,73).

Cluster | Cluster | Cluster

“ariable Mo. 1 Mo, 2 Mo, 3

HDI [ 057 0,54| 020
Life expectancy at hirt a1 57| 7700/ 80,79
Wellbeing 5,10 553 715
Happy Life Years 42900 323 5230
Footprint 417 | 4 55/ 554
Inequality of Qutcomes 1133 1309 730
GOP/capita (3FFPF) 30786 57| 16523 ,18| 47954 90
Expected years of schoaling 1577 1586 1688
Irmpact of terrarism 1,87| 071 282
Corrugtion 5433 &509| 8170
Enabling Trade Index 494 452 550
Transpart infrastructure 491 351 526
ICT 531 534/ 6,23
Social Progress Index 304 7948 8775
Personal Freedom and Choice BEEs| 7053 872
Tolerance and Inclusion 2R3 G498 Fop4
Global Competentitiveness Index 443 433 532
Economic freedorm BA 73] BE7S| 7248

Fig. 2. Centroids of the distinguished clusters

Source: worked out by authors

The second cluster is folded by countries with
the most subzero for EU socio-economic indexes.
In particular, AV GDP for this cluster presents
16523,18 $PPP, that almost half as much than for
the countries of the first cluster. However, in the
countries of this cluster it is fixed not high Footprint
(in middle 4,55) and the least among EU-countries
Ranked of terrorism (0,71). It means that countries
of this cluster are most safe for a residence among
the EU-countries. This group was entered by such
countries, as Croatia, Czech Republic, Greece, Po-
land, Portugal, Romania, Estonia, etc.

The third cluster was entered by such econom-
ically developed industrial countries, as Austria,
Belgium, France, Sweden, United Kingdom etc.
They are characterized by the high level of HDI
(0,9) and other social indexes and most subzero
among EU-countries level of Inequality of Out-
comes (AV for a cluster 7,3). GDP (47984 $PPP) is
substantially higher comparatively with EU-coun-
tries, that entered to the first two clusters. At the
same time mean values of Ranked of terrorism
(2,92) and Rank of corruption (81,7), fixed in the
countries of the third cluster, are considerably
higher, than for other members of EU.

Thus, in distribution of countries for clusters
the indexes of Inequality of Outcomes, GDP,
Ranked of terrorism and Rank of corruption have
most weight.

By HDI value, that is one of the most authorita-
tive rating, by means of which the level of steady
development is traditionally measured, countries
are attributed to one of four groups: very high,
high, medium and low.

According to The 2016 Human Development
Report, that is annually published United Na-
tions Development Program, HDI level of most
EU-countries is certained as very high. Only in
Bulgaria and Romania it is fixed high [11]. To
check co-ordination of distribution of EU-countries
according to these groups of HDI with the prelim-
inary conducted clusterization, one of Data Mining
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methods (tree classification) is used. This method
is applied in the cases when predicates are quali-
tatively different and carry substantially different
information for objects classification [4, p. 148].

Results of the conducted classification are pre-
sented as a tree structure, that branches on the
left and right branches that are contained on one
node knot (Fig. 3). Inequality of Outcomes appeared
a basic factor in distribution of EU-countries ac-
cording to HDI levels. This fact confirms the re-
sults of the preliminary conducted clusterization.
Condition of countries division to the tops 2 and 3:
if value of Inequality of Outcomes is more than
17,5, country referes to the group with high HDI
(2 objects); in other case — to the group with very
high HDI (26 objects).
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Fig. 3. Graphic presentation of tree of classification
Source: worked out by authors

The results of the conducted classification testify
the absence of the wrong classified objects (Fig. 4).
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Fig. 4. 3-D diagram of classification matrix

Source: worked out by authors

Conclusions. The results of conducted analysis
testify that not only economic factors influence on
the level of sustainable development of EU-coun-
tries. Quality and safety of life, reduction of social
inequality play an important value providing of
balance between satisfaction of modern necessi-
ties of humanity and defence of interests of future
generations, guaranteeing safe and healthy envi-
ronment of existence.
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In study of problems of sustainable develop- including the change of people consciousness, and

ment the basic question is development of strate- also politicians and officials. The best way to un-
gies that would give possibility to accept optimal derstand these problems is to use modern instru-
decisions on the different levels of management, ments of mathematical modelling.
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Ropaabuyk O.{., ®enopoubko H.I, MackonkoBa M.M.
TepHOMIiNbCHKMIT HAI[IOHAJIBHUI €KOHOMIYHNI YHIBEpCUTET

MOJEJIOBAHHSA CTAJIOTO PO3BUTKY KPAIH €C-28

Amnorargis

Y poboTi PO3TIIAHYTO NMTAHHA 3aCTOCYBaHHSA CydacCHMX MaTe€MaTUYHMUX METOJIB JJIA OLIHIOBAHHA PIBHA cTa-
JIOTO PO3BUTKY Kpain. IIpoBenmeHo aHasi3 MOKa3HMKIB, AKI TpaaMIifiHO 3aCTOCOBYIOTH AJIs BU3HAUEHHS CTY-
IIeHA COLIiaJIbHO-€KOHOMIYHOIO PO3BMTKY OKPEMMX pPerioHiB. 3a HaHMMM OMIifHMX CTATUCTUYHUX IKepe
i weHiB €C 3a 2016 pik BMKOHAHO MOJEeJIbHMII aHaJi3 CTAJOro pPo3BUTKY Kpain €Bposonn. IIposeneno
KJacTepusaliito ta kjacudikarito kpain €C-28 3a 3HaYyIMMM BUMipaMM CTaJIOTO PO3BUTKY.

KoarouoBi cioBa: €sponericexknii Cors, cTannii pO3BUTOK, [HIEKC JIIOACHKOTO PO3BUTKY, MaTeMaTUYHE MOJe-
JIIOBaHHA, KJacTepusalid, Kiacudirallisa.

Kopaabuyk O.{., ®enopoubro H.VI., Macboukosa M.M.
TepHOHOJIbeKVIVI HaLU/IOHaJIbeIﬁ DKOHOMMYECKII YHUBEPCUTET

MOJIEJIMPOBAHIE YCTOMYMBOIO PA3BUTNSA CTPAH EC-28

AnHOTaUA

B pabore paccmoTpeH BOIpOC NpMMEHEHMA COBPEMEHHBIX MaTeMaTUYEeCKUX MeTOJIOB JJIA OLleHMBaBaHUA
YPOBHA yCTOMYMBOTO pa3BUTUA cTpaH. [IpoBeseH aHaM3 IOKa3aTesell, KOTOpble IPUMEHAT IS OIpeesie-
HIA YPOBHA COLMAJIbHO-3KOHOMMYECKOTO Pas3BUTHUA OTAEJIbHBIX PernoHoB. IIo naHHBIM OpUIMaJIbHBIX CTATH-
CTUYECKUX MCTOYHMKOB Juid 4wieHoB EC 3a 2016 rop BBINOJIHEH MOJEJBHBIN aHAJIN3 YCTONYMBOIO Pas3BUTUA
crpad EBposonsl IIpoBenens! kiacrepnusaima 1 Kiaaccuduraima crpad EC-28 3a 3HaUMMbIMY MIBMEPEHUAMN
YCTOMUYMBOIO Pa3BUTHUA.

Kuarouesrblie cioBa: Esponeiickuit Cora, ycToitunBoe pasButue, VIHIEKC 4eJI0BeYeCKOro pas3BUTA, MaTeMaTy-
yecKoe MOJeJIMPOBaHMe, KlacTepusals, KilacCuuKams.
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