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THE STUDY OF THE INFLUENCE
OF FORCED MIGRATION PROCESSES
ON PARTICULAR SOCIO-DEMOGRAPHIC
INDICATORS OF TERRITORY SECURITY
BASED ON NEURAL NETWORKS

Annotation. The paper deals with the topical problem of studying the im-
pact of migration processes of internally displaced persons on certain socio-
demographic indicators of regional security. This problem became particularly
important after the beginning of armed aggression on the territory of Ukraine in
2014, which led to a rapid increase in internal migration processes. In particular,
the dynamics of change of the following indicators was analysed: demographic
burden, unemployment rate, the volume of remittances and proximity to the line
of demarcation.

As a result of the study, the author constructed a neural network of the Ko-
rhonen map type. The model divided the training sample from the regions of the
country into six clusters according to the level of four indicators of socio-demo-
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graphic security. This allowed us to assess the impact of forced internal migration
on some aspects of socio-economic security of the regions. Based on the obtained
Korhonen map, it is shown that the Donetsk and Luhansk Oblasts, which di-
rectly border the Joint Forces Operation (JFO) zone, had a catastrophic increase
in the demographic burden and unemployment rate during the study period. The
volume of remittances of migrants has also decreased several times. The level of
socio-economic security of the regions of the sixth cluster was selected as dan-
gerous according to the selected indicators. The obtained results can be used for
the formation of regional socio-economic policy and the corresponding national
demographic and migration policy. The cluster analysis process and the proposed
system of indicators make it possible to constantly monitor and assess the impact
of forced internal migration processes on certain aspects of socio-economic secu-
rity of regions.

Keywords: socio-demographic security, demographic burden, unemployment
rate, demarcation line, Korhonen map, cluster.

JOCJIIYKEHHA BILIMBY MPOIIECIB BUMYIIIEHOI MITPAIII
HA OKPEMI COITAJIbHO-ZAEMOIPA®IYHI IIOKA3SHUKUA
BE3IIEKH TEPUTOPIiI1 HA OCHOBI HEMMPOHHIX MEPEK

Awnoranig. Pobory npucBg4eHno akTyaabHiil mpoOieMi Z0CTiIKeHHsT BILIN-
BY IIPOIIECiB Mirpaitlii BHyTPIilIHBO TIEpPEeMITIIEHIX 0Ci0 Ha OKPeMi COTiaTbHO-/1e-
MorpadiuHi mokasuuky Gesrekn perionis. OcobJMBOTO 3HAYEHHS 1181 TPOOIIe-
Ma Haby.1a [mic/isd movyarky 36poitHoi arpecii Ha TepuTopii Ykpainu y 2014 p., o
TIPU3BEJIO /IO CTPIMKOTO 3POCTaHHS TTPOIIeCiB BHYTPINIHBOT Mirpartii. 3o0kpema,
MIPOaHA30BaHO AWHAMIKY 3MiHM HACTYITHUX TTOKAa3HWKIB: 1eMorpadiuae Ha-
BaHTaKEHHs, PiBeHb 0e3p00iTTs, 0OCAT TPONIOBUX IIePeKa3iB, OJIU3bKICTh PO3-
TaILyBAHHA 10 JiHIT PO3MEKyBaHHA.

VY pesyJbTari MpoBeAEHOTO MOCIIIKEHHS aBTOPOM OyJI0 oOYI0BaHO HE-
poHHY Mepexky Tuiry kaptu Koxonena. Mosesb po3smnoiiinia HaBYaabHY BU-
6ipKy 3 perioHiB KpaiHu Ha NICTh KJIACTEPIB 3a PIBHEM YOTUPHOX ITOKA3HUKIB
cotiaabHO-IeMorpadiuroi 6esneku. Lle 103BOMMIIO OIIHUTHY BILUIUB IIPOIECIB
BUMYIICHOI BHYTPIIIHBOI Mirparii Ha JeAKi aclleKTU COLiaJIbHO-CKOHOMIUHOI
6esnexu perionis. Ha ocHosi orpumanoi kaptu Koxonena nokasano, mo /[oxe-
1bka ta Jlyrancbka o6acTi, siki 6e3rocepeabo MexKyIoTh i3 301010 OOC, ma-
s KatacTpodiuHe 3pocTaHHs [eMorpadiTHOro HaBaHTaKeHHS Ta PiBHSI 6€3po-
GITTS IPOTATOM JOCJIIKYBaHOro nepioay. Takox y KijibKa pasiB CKOPOTUINCH
o0csTn TPOMIOBUX TepeKasiB MirpanTiB. PiBeHb coliaqbHO-eKOHOMIYHOT Oe3-
[EKU PErioHiB IMIOCTOTO KjacTepy 3a OOpaHMMHK MMOKasHUKaMK OyB BU3Haue-
HUl K HeGesmeunnit. OTpuMaHi pe3yIbTaTé MOKYTb OYyTH BUKOPUCTAHI ISt
dopMyBaHHS pPerioHaJIbHOI COIaTbHO-eKOHOMIUYHOT TIOJIITUKY 1 BiIITOBiIHIX
HarioHaJIbHOI AemorpadiuHoi Ta MirpariitHoi mosiTuk. [Iporec kmacreprOTO
aHa3y Ta 3alpOMOHOBaHA CUCTEMa TTOKA3HUKIB JO3BOJISIOTH 37iMCHIOBATH
MOCTIHHWUI MOHITOPUHT Ta OI[iHKY BIJIMBY ITPOIIECiB BUMYIIIEHOI BHYTPIlTHbOT
Mirpartii Ha OKpeMi acIeKTH CoIianibHO-eKOHOMIYHOT OEe3IeKU PETioHiB.
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Kmouogi cioBa: corianbio-gemorpadiuna Gesneka, jemMorpadiutne HaBaHTa-
JKeHHs1, piBeHb 6e3pobiTTsl, JiHist po3MeskyBaHHs1, Kapta Koxonena, kiacrep.

UCCJIEJOBAHUE BJIMSHUSA IIPOIIECOB
BBIHYKJIEHHOI MUTPAIIU HA OTIEJbHBIE
COILIMAJIBHO-IEMOTPA®UYECKHUE ITIOKA3ATEIU
BE30OIMACHOCTH TEPUTOPUIT HA OCHOBE HEMPOHHBIX CETEI

AnHoranus. Pabora mocBsiiiieHa akTyasbHO# pobJieMe NCCIel0BaHus BIUsI-
HUSI TIPOIECCOB MUTPAIIUU BHYTPEHHE TIePeMeIeHHBIX JIUI Ha OT/eJbHbIE COIH-
aJbHO-ZIeMoTrpaduvecKie mokasaresn 6e3omacHocT pernoHoB. Ocoboe 3HaueHre
aTa mpobiema probpesta mocse Hadyaia BOOPYKEHHOTO KOH(MDJINKTA Ha TEPPHUTO-
pun Ykpaunsl B 2014 1., KOTOPBIN IPUBEJ K CTPEMUTETTBHOMY POCTY ITPOIECCOB
BHYTpPEHHEl MUTpalny. B yacTHOCTH, TpoaHATM3NPOBaHA TUHAMUKA U3MEHEHUS
CJIEIYIONINX MOKa3aTeseil: jeMorpaduueckas Harpyska, ypoBeHb 0e3paboTHIIbI,
00beM JIEHEKHBIX TTEPEBOJIOB, OJIM30CTH PACIIONOKEHUST K JIMHUU PAa3rPaHUYEHUSI.

B pesysibrare mpoBeeHHOTO MCCJEOBAHUST aBTOPOM OBLIO MOCTPOEHO Heli-
porHyIo ceTb T KapThl Koxonena. Mozenb pacripezennia 06ydaioryio Bbioop-
Ky M3 PErMOHOB CTPAHbI HA IIECTh KJIACTEPOB TI0 YPOBHIO YeTHIPEX MOKa3aTesieil
CONMaNbHO-eMOrpahudeckoii 6e30MacHOCTH. ITO MO3BOJNIIO ONEHNUTH BIIMSTHIE
IIPOTIECCOB BBIHYK/IEHHON BHYTPEHHEN MUTPAIMK HA HEKOTOPbIE ACTIEKTHI COIH-
AJIbHO-9KOHOMIYECKON Ge301macHOCTH pernoHoB. Ha 0cHOBe MOJTydeHHOI KapThl
Koxonena mokasano, uro JloHerkast u Jlyranckast 06JacTi, KOTOpble HETOCPe/-
ctBeHHO rpaHuydat ¢ 30H0i OOC, nmen katacTpopuueckuil poct gemorpadude-
CKOI HArPY3KH 1 yPOBHsI 6e3pabOTHUIIbI B TeUEHHE HCCIIeyeMoro epuojia. Takske B
HECKOJIHKO Pa3 COKPATHIINCH 00bEMBI JIEHEKHBIX TIEPEBOIOB MUTPAHTOB. Y POBEHb
COTMATbHO-IKOHOMIYECKON 0e301IaCHOCTH PETHOHOB IIECTOTO KJIACTEPA 10 BbI-
OGpaHHbBIM TIOKa3aTessiM ObLT OTIpeiesieH Kak onacHbiil. [loryueHHble pe3yibTaThl
MOTYT OBITH UCTIOJB30BAHBI [I7ist (POPMUPOBAHMST PETMOHATBLHOI COIUATBHO-9KO-
HOMUYECKOH MOJIMTUKKA U COOTBETCTBYIONINX HAIMOHAIBHON JIeMOTpaudecKoil
Y MUTPAIMOHHOI oJaUTHK. [Iporiece kactepHoro aHaM3a u mpeio;KeHHast Cu-
cTeMa IoKasaTeJieil TI03BOJISIOT OCYIIECTBISATh HOCTOSHHBII MOHUTOPHHT U O11€H-
Ky BJIMSTHUS TIPOIIECCOB BBIHYSKJEHHOI BHYTPEHHEN MUTPAIlMN HA OT/eJIbHbIE ac-
MIEKTBI COIATbHO-9KOHOMUYECKO# OE30ITaCHOCTH PETHOHOB.

KmoueBble ciioBa: comraibHo-aeMorpadudeckast 6e30MacHOCTD, reMorpadu-
JecKast Harpy3Ka, ypoBeHb 0e3paboTHIlbl, TMHUS padrpanndenust, kKapra Koxome-
Ha, KJIacTep.

Problem statement. The annexa- gions: led to a significant destruction
tion of the Crimea and the deploy- of industrial, transport and social in-
ment of armed aggression in the Eastin frastructure, increased environmental
2014 caused significant demographic risks. Particularly large changes have
and social changes in the life of the re- taken place in the oblasts directly bor-
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dering the JFO zone (Luhansk and
Donetsk). There have been dramatic
changes in the state of the economy
of these regions, which accounted for
about a quarter of industrial produc-
tion and a large share of Ukraine's ex-
ports. These processes have negatively
affected the overall and safe life of mil-
lions of people. The decline in produc-
tion and the massive closure of small
and medium-sized businesses resulted
in large-scale job cuts. In Ukraine, the
processes of internal forced migration
have begun.

Consequently, the problem of stud-
ying the impact of forced migration
processes on certain socio-demograph-
ic indicators of territorial security re-
mains relevant, but not sufficiently
studied.

Analysis of recent researches and
publications. The processes of forced
migration of Internally Displaced Per-
sons (IDP) have an impact on almost
all spheres of society, and most of all on
the demographic, social, economic, la-
bour and financial markets. Undoubt-
edly, these processes affect the level of
socio-economic security of the country
and regions, in particular its socio-
demographic component. But, despite
the significant amount of research to
study the IDP social or demographic,
the issue of quantifying the impact of
forced migration on the level of socio-
economic security in the regional con-
text remains beyond the attention of
scientists.

O. Homra argued that migration
is a natural manifestation of human
mobility, motivated by the desire to
improve the conditions of their exist-
ence, fuller and more reliable satisfac-
tion of their needs, is migration [1].
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Research of problems of freedom of
movement of the person, reproduction
of the population, migration processes,
legal, political, demographic, social as-
pects of these processes and methods of
management were studied at different
times by such domestic scientists as
O. Hladun, T. Hnatiuk, T. Draguno-
va, O. Ivankova-Stetsiuk, O. Piskun,
I. Prybytkova, Y. Rymarenko, U. Sad-
ova, and P. Shushpanova. E. Libanova
studied human development, primarily
its socio-demographic problems.

Among foreign scholars who have
made a significant contribution to the
study of the theory of regional migra-
tion processes should be mentioned:
W. Beck W. Sombart, E. Lee, N. Luh-
mann, P. Pedersen, J. Ravenna,
O. Stark and A. Schutz.

Quantitative assessment of the scale
of migration flows in the world is car-
ried out by specialized organizations,
in particular: The Department of Eco-
nomic and Social Affairs of the United
Nations (New York, USA) [2] and the
Institute of Migration Policy (Wash-
ington, USA) [3]. In Ukraine, these is-
sues are dealt with by the State Statis-
tics Service [4].

Formulating goals (aim) of the
article. The aim of this study is a thor-
ough analysis of the impact of forced
migration on certain socio-demograph-
ic indicators of security of territories
and the subsequent formalization of
the results based on the tools of artifi-
cial intelligence, including neural net-
works.

Presentation of the main research
material. However, aspects of the im-
pact of forced internal migration pro-
cesses on the level of socio-economic
security of the regions remain insuf-




ficiently studied. First of all, this is-
sue concerns oblasts that share bor-
ders with them (Ukraine-controlled
parts of Donetsk and Luhansk Oblasts,
Kharkiv, Zaporizhzhia Oblasts), and
Kyiv, where IDP see greater prospects
for employment and social protection.
To confirm this thesis, we present the
structure of the distribution of IDP
between the regions of Ukraine as of
April 13,2020 (Fig. 1).

The level of economic security of
the country is characterized by many
indicators. Therefore, in practice, in-
tegrated assessments are used, which
would describe the change in the level
of economic security of the country in
the dynamics in comparison with the
threshold values. It is the comparison
of the quantified level of economic se-
curity of the country with the thresh-
old values is the main task of the analy-
sis of economic security.

The threshold value is a limit val-
ue, non-compliance with the values
of which leads to the beginning of de-
structive actions and unregulated pro-
cesses in various spheres of life of the
country and its territories, to the for-
mation of destabilizing tendencies, or
even puts the system in crisis.

All others
Zaporizhzhia Oblast
Kyiv Oblast
Dnipropertovsk Oblast
Kharkiv Oblast
the city of Kyiv
Luhansk Oblast
Donetsk Oblast :

To determine the threshold values
of indicators usually use the following
methods [6-8]:

* Functional dependencies (macro-
economic/microeconomic analytical or
statistical equations, Akhiezer-Goltz
methods, information theory);

* Macroeconomic models that ad-
equately reflect the effects of destabi-
lizing factors for a particular country in
the current period,

* Methods of expert assessments;
taking into account the assessments of
international organizations (compari-
son of the main macroeconomic indica-
tors with the threshold values, which
are accepted as values not lower than
the world average);

* Assessment of the growth of eco-
nomic growth of the country according
to the main macroeconomic indicators
and the dynamics of their change;

* Expert assessment methods and
heuristic methods (‘snowball’; analogue
approach; calibration; scoring of the
level of economic security and ranking
of territories according to the degree of
threats based on the analysis of actual
indicators of economic security);

* Method of analysis and processing
of scenarios;

0 100000

200000 300000 400000 500000

Fig. 1. The IDP distribution by oblasts of Ukraine as of April 13, 2020
Built by the author according to the data of the Office of the UN High

Commissioner in Ukraine [5]
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* Nonlinear dynamics (Wavelet
analysis);

* Stochastic (Diagnosis: cluster
analysis, fuzzy sets; t-criterion; logistic
regression, multidimensional statisti-
cal analysis);

* Game-theoretical methods;

* Methods of utility theory;

* Image recognition methods;

» Legislative approach (setting
thresholds at the legislative level)
9.

Usually, the first two methods are
used, the others are used only in case of
impossibility of their application.

Today in Ukraine at the legislative
level there are methodological recom-
mendations for calculating the level
of economic security of the country,
which essentially implements an in-
dicative approach to assessing the vul-
nerability of the national economy and
ultimately provide for the calculation
of integrated assessment [10]. Com-
pared to the abolished methodology,
since 2007, the new development has a
number of advantages, namely:

* Determination of the vector of
limit values of integrated indicators;

* Setting weights to calculate the
contribution of each sub-index to the
integrated indicator by the principal
components’ method;

* Substantiation of the method of
rotation of factor axes [6].

This technique has several known
methodological and technical problems
in determining the integrated indicator
of economic security [6].

The classical indicative method is
based on a comprehensive analysis of
economic security indicators and con-
sists of the following stages:

» Formation of a set of indicators;
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* Determination of characteristic
(optimal, threshold and limit) values
of indicators;

» Normalization of indicators;

* Determination of weighting fac-
tors;

* Calculation of the integrated in-
dex.

To adequately describe the dy-
namics and assess the socio-economic
security of the region because of the
ongoing military conflict in the East,
it is necessary to expand the relevant
system of basic indicators. Let’s define
a set of indicators that will allow us to
quantify the impact of forced internal
migration on the socio-demographic
component of security in the region.
The author proposes to use the follow-
ing specific criteria, namely:

* The growth rate of the demograph-
ic burden since the JFO beginning;

* The growth rate of unemploy-
ment, since the JFO beginning;

* The proximity of the region to the
JFO zone;

* The growth rate of remittances
from abroad, since the JFO beginning.

Let’s analyse separately the impact
of selected indicators on the level of
socio-economic security of the region
and their dynamics under the influence
of forced internal migration.

In terms of the impact on the re-
gion’s economy, the growing burden of
the elderly population on the working
population leads to a decrease in the
natural recovery of labour resources
and is a problem for the development
of social production. If the share of re-
tirees in the total population is grow-
ing, it causes the need for additional
care for the elderly, leads to an increase
in the economic cost of providing ser-




vices to support this category of peo-
ple. To maintain and serve the elderly,
it is necessary to increase unproductive
costs [11].

According to the Office of the UN
High Commissioner in Ukraine [5], the
age structure of IDP varies greatly by
region. The highest number of disabled
people in the structure of IDP falls on
the regions directly bordering the JFO
zone and neighbouring regions. This
significantly affects the level of demo-
graphic burden on the economically
active population and the level of so-
cio-economic security of these regions.

According to the definition of the
State Statistics Committee, Demo-
graphic Burden (DB) is a generalized

quantitative characteristic of the age
structure of the population, which
shows the load on society by unpro-
ductive population. The DB is given
per thousand population, i.e. in per-
mille (%o0). Accordingly, the DB is cal-
culated by the following formula:

DB = Number of peopleaged 60 and over

Population aged 16 —59

To confirm the assumption of a
significant impact of forced internal
migration processes after 2014 on the
level of socio-economic security of in-
dividual regions, we construct a com-
parative table of the total DB and com-
pare the dynamics of its change during
the JFO period (Table).

Comparison of the Regions of Ukraine by the Level of Demographic Burden
in the Period 01.01.2014 t0 01.01.2019

The Region, in the DB
Descending Order
(01.01.2014)

The DB
(01.01.2014)

The Region, in the DB
Descending Order
(01.01.2019)

The DB
(01.01.2019)

1 2 3 4
Chernihiv Oblast 421 489 Luhansk Oblast
Cherkasy Oblast 393 480 Donetsk Oblast
Kirovohrad Oblast 385 459 Chernihiv Oblast

Donetsk Oblast 384 425 Cherkasy Oblast
Vinnytsia Oblast 378 421 Sumy Oblast
Poltava Oblast 376 416 Kirovohrad Oblast
Sumy Oblast 375 415 Zaporizhzhia Oblast
Luhansk Oblast 370 403 Poltava Oblast
Khmelnytskyi Oblast 365 402 Vinnytsia Oblast
Zaporizhzhia Oblast 364 399 Khmelnytskyi Oblast
Zhytomyr Oblast 355 396 Dnipropetrovsk Oblast
Dnipropetrovsk Oblast 354 385 Kharkiv Oblast
Kharkiv Oblast 346 384 Mykolaiv Oblast
Mykolaiv Oblast 338 383 Zhytomyr Oblast
Kyiv Oblast 337 380 Kherson Oblast
Kherson Oblast 334 361 Odesa Oblast
Ternopil Oblast 331 357 Kyiv Oblast
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1 2 3 4
Odesa Oblast 326 357 Ternopil Oblast
Lviv Oblast 306 344 the city of Kyiv
Chernivtsi Oblast 302 343 Lviv Oblast
Ivano-Frankivsk Oblast 299 330 Ivano-Frankivsk Oblast
the city of Kyiv 295 327 Chernivtsi Oblast
Volyn Oblast 285 314 Volyn Oblast
Rivne Oblast 273 303 Rivne Oblast
Zakarpattia Oblast 258 286 Zakarpattia Oblast

Source: Built by the author based on data [4]

According to Table, we conclude
that the areas that are geographically
located in the immediate vicinity of
the JFO zone during the period under
review had rapid dynamics to the DB
growth. In particular, the maximum
growth rate is observed in Luhansk
(+32,2 %) and Donetsk (+25 %)
oblasts, which account for more than
50 % of the IDP total number. In com-
parison: the DB average growth rate
in the country during this period was
11,7 %.

The growing demographic burden
hasadverse consequences, which in par-
ticular lead to a scattered investment
as a result of their redistribution from
manufacturing to social infrastructure,
a reduction in savings as a result of in-
creased household consumption.

Consider the following of the select-
ed indicators: the Unemployment Rate
(UR) among the IDP. It is quite natu-
ral that a significant increase in the
IDP number leads to a proportional in-
crease in the unemployment rate in the
region. Analysis of data on the unem-
ployment rate according to the meth-
odology of the International Labour
Organization (determines unemploy-
ment rate as a ratio (as a percentage) of
the number of unemployed aged 15 and

22

over to the labour force of the specified
age or the relevant socio-demographic
group) by regions during the JFO in-
dicates the UR significant increase by
regions bordering on the JFO zone.
In particular, we have unprecedented
growth of the indicator during the pe-
riod under review in Luhansk (202 %)
and Donetsk oblasts (59,5 %), with the
UP average growth rate at 9,5 %, and
in half of the oblasts, there was the UR
reduction.

The third indicator that needs to be
taken into account to assess the impact
of forced internal migration processes
on the level of socio-economic security
of the region is the Proximity of the Lo-
cation (PL) to the demarcation line, to
the JFO zone. The objectivity and the
need to take this indicator into account
is unquestionable. However, the quan-
tification of territories by distance from
the line of demarcation is complicated
by the lack of a clear methodology in
international law for determining areas
of armed tension in countries with mil-
itary conflict [12]. Therefore, as part of
this study, the author offers an expert
assessment of this indicator, which will
be determined in points. The scale of
the PL indicator varies from 1 to 4 and
is adjusted according to the regions ac-




cording to the geographical distance
from the demarcation line from the
maximum value for regions directly
bordering the JFO zone (Donetsk and
Luhansk oblasts) to the minimum for
regions far from the JFO zone. The PL
level is equal to three in the regions
bordering on regions with the PL level
equal to 4 (Dnipropetrovsk, Zapo-
rizhzhia and Kharkiv Oblasts). The
PL = 2 for the regions adjacent to the
data (Kirovograd, Mykolaiv, Poltava,
Sumy and Kherson Oblasts) and PL =
=1 for all others.

The last indicator that the author
proposes to take into account in the
process of cluster analysis of the dy-
namics of individual indicators of so-
cio-economic security of regions under
the influence of forced migration of the
IDP is the Growth Rate of Remittances
(GRR). This is the only selected indi-
cator that reflects the positive impact
of IDP migration on regional security.

The realities of today show that in
the context of declining investment
attractiveness, as well as military-po-
litical conflict, the growing rate of re-
mittances and investments of the IDP
forced to work abroad can become a
stable and long-term resource for re-
gional economic development [13].

The available data of the National
Bank of Ukraine allows us to study
the regional distribution of only part
of remittances to Ukraine that comes
through international payment sys-
tems (Western Union, Golden Crown,
MoneyGram, etc.). Therefore, this
study is limited to official statistics
and will not make assumptions about
the number of remittances through
other revenue channels. This approach
will form a statistical sample to build

a mathematical model that meets the
principles of comparability.

Based on the analysis of available
statistical information, we see a ten-
dency to increase the GRR in the re-
gions that account for the IDP majo-
rity. An important exception is
Donetsk and Luhansk Oblasts. They
show a decrease in the GRR revenues.
Therefore, it means that there is no
positive effect from the processes of
forced internal migration in this indi-
cator. This is due to the IDP highest
levels in regions where more than half
of the IDP are retired. Conversely, the
majority of the IDP economically ac-
tive population was registered in Kyiv,
where the GTT grew by 309 % during
the period under review.

Let’s generalize the obtained data.
Based on statistical information about
the dynamics of the selected indica-
tors, we will conduct a cluster analysis
of their impact on the level of socio-
economic security of regions based on
aneural network such as the Korhonen
map. Korhonen map implements one of
the methods of cluster analysis [ 14].

This neural network is a single layer
of neurons organized in the form of a
two-dimensional matrix. This makes
it possible to obtain a visual image of
multidimensional input data. The Ko-
rhonen map allows clustering of re-
search objects and further analysis of
neuronal weights and distribution of
examples by clusters.

According to the simulation results,
the author obtained a Korhonen map,
which divides the sample of 25 ele-
ments (24 oblasts and the city of Kyiv)
into clusters according to the level of
selected indicators that characterize
certain aspects of the impact of forced
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internal migration on socio-economic
security of regions (Fig. 2) [15].

Let’s analyse the results. Regions of
Ukraine were distributed by clusters
according to the values of the selected
indicators on 01.01.2014 as follows:

* Cluster #1: Magarpatta Oblast,
Zaporizhzhia Oblast, Ivano-Frankivsk
Oblast, Kyiv Oblast, Mykolaiv Oblast,
Sumy Oblast, Ternopil Oblast;

¢ Cluster #2: Volyn Oblast, Rivne
Oblast, Kherson Oblast, Khmelnytskyi
Oblast, Cherkasy Oblast, Chernivtsi
Oblast;

e Cluster #3: Dnipropetrovsk
Oblast, Donetsk Oblast, Lviv Oblast,
Luhansk Oblast, Odessa Oblast,
Kharkiv Oblast;

* Cluster #4: Kirovograd Oblast,
Chernihiv Oblast;

* Cluster #5: the city of Kyiv; and

e Cluster #6: Vinnytsia Oblast,
Zhytomyr Oblast, Poltava Oblast.
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Consider the obtained clusters fol-
lowing the selected indicators of socio-
economic security and compare the
change in the cluster structure of the
training sample under the influence of
forced internal migration (Fig. 2).

The highest level of security ac-
cording to the selected indicators as
of 01.01.2014 was observed in the city
of Kyiv (Cluster #1), Dnipropetrovsk,
Donetsk, Lviv, Luhansk, Odesa and
Kharkiv Oblasts (Cluster #3). They
were characterized by a combination
of the lowest and average values of de-
mographic burden, unemployment and
remittances. This result is quite justi-
fied: the core of the third cluster con-
sists of historically formed industrial
regions of Ukraine, and the city of
Kyiv is the financial and administra-
tive centre of the country with all
the relevant advantages and opportu-
nities.
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Fig. 2. From left to right: Korhonen map, obtained as a result of modelling
the distribution of regions of Ukraine by individual indicators of socio-economic
security according to the data on 01.01.2014; Korhonen map, obtained as a result
of modelling the distribution of regions of Ukraine by individual indicators of socio-
economic security according to data as of01.01.2019

Source: Made by the author.

24




Cluster #1 is characterized by a
stable level of security: it is the largest
and includes areas with low unemploy-
ment, the demographic burden on the
economically active population and
the GRR high values, which signifi-
cantly exceed the corresponding flows
of foreign investment in the regions.

Slightly worse values of the studied
indicators correspond to Cluster #2.
The level of security of the areas in-
cluded in it, according to the selected
indicators, the author defines as below
average. The worst situation with the
DB, UR and GRR. They were typical
on 01.01.2014 for Vinnytsia Oblast,
Zhytomyr Oblast, Poltava Oblast
(Cluster #6), Kirovohrad and Cherni-
hiv Oblasts (Cluster #4). The latter
two have the worst values of indica-
tors, and therefore the level of socio-
economic security is defined by the
author as ‘dangerous’. The level of so-
cio-economic security of the regions of
Cluster #6 was threatening.

Under the influence of the processes
of forced internal migration in the clus-
ter structure of the educational sample,
there were changes. Regions of Ukraine
were distributed by clusters according
to the values of the selected indicators
on 01.01.2019 as follows:

e Cluster #1: Vinnytsia Oblast,
Zhytomyr Oblast, Zakarpattia Oblast,
Rivne Oblast, Ternopil Oblast, Khmel-

nytskyi Oblast, Cherkasy Oblast,
Chernivtsi Oblast;
e Cluster #2: Ivano-Frankivsk

Oblast, Kyiv Oblast, Lviv Oblast,
Mykolaiv Oblast, Odesa Oblast, Kher-
son Oblast;

¢ Cluster #3: Volyn Oblast, Kiro-
vohrad Oblast, Poltava Oblast, Sumy
Oblast, Chernihiv Oblast;

e Cluster #4: Donetsk Oblast, Lu-
hansk Oblast;

* Cluster #5: the city of Kyiv; and

* Cluster #6: Zaporizhzhia Oblast,
Dnipropetrovsk  Oblast,  Kharkiv
Oblast.

According to the selected set of in-
dicators, Donetsk and Luhansk Oblasts
have a dangerous level of social and
economic security (Cluster #4). Since
the beginning of the military aggres-
sion in the east, which caused the IDP
significant influx to these regions, their
status has changed from ‘the highest
level of security’ to ‘dangerous’. The
high share of the IDP in the structure
of the IDP has led to a catastrophic in-
crease in the demographic burden and
the unemployment rate in the oblasts.
Instead, there was no increase in remit-
tances, the positive dynamics of which
also directly depends on the number of
the economically active population in
the region. Besides, the regions direct-
ly border the JFO zone, which accord-
ing to the proposed algorithm gives the
territories the highest values of the PL
indicator and reflects the additional
risks associated with it.

According to the distribution, the
level of security in Volyn Oblast, Kiro-
vohrad Oblast, Poltava Oblast, Sumy
Oblast and Chernihiv Oblasts remains
threatening.

Under the influence of forced in-
ternal migration, the indicators of de-
mographic burden and unemployment
have increased significantly in Zapo-
rizhzhia, Dnipropetrovsk and Kharkiv
Oblasts. Also, the UR = 3 for these
regions. Because of this, the trained
neural network assigned them to one
cluster. However, the level of socio-
economic security of these regions re-
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mains above average, in particular, due
to the growth of remittance flows and
low unemployment. The results ob-
tained allow us to conclude that despite
the proximity of the location to the
demarcation line, the IDP significant
number did not lead to a catastrophic
decrease in the level of socio-economic
security. One reason is the difference in
the demographic structure of the IDP.
Compared to Donetsk and Luhansk
Oblasts, the regions of Cluster #6 have
a ratio between people of working age
and the retirement age of 80-90 %
(8-9 people of working age per 10 pen-
sioners), while in the fourth cluster the
same figure is 24 % (Donetsk Oblast)
and 17 % (Luhansk Oblast).

Cluster #5 has the highest level of
security. It consists of one element of
the educational sample as the city of
Kyiv. Although the status of the safest
region according to the chosen system
of indicators has not formally changed,;
the positive effect of the IDP flow, since
2014 can be observed on the example of
the city of Kyiv. The reason for this is
again the demographic structure: the
previously reported ratio between peo-
ple of working age and retired person
in IDP is 231 %. This means that one
retired person has two people of work-
ing age. As a result, cash flows from
migrants, low unemployment and the
demographic burden have more than
tripled.

Cluster #1 and Cluster #2 are char-
acterized by a medium and high level
of socio-economic security according
to selected indicators.

Based on the generalized character-
istics in the form of average values of
characteristics within each of the six
clusters, the author constructed a scat-
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tering diagram in the coordinate sys-
tem ‘unemployment rate-demographic
burden’, which clearly demonstrates
the component of socio-demographic
security of each group. The size of the
item on the chart corresponds to the
average amount of remittances in the
cluster. The arrow indicates the vec-
tor of deterioration of the level of the
socio-demographic component of se-
curity in the regions that make up the
corresponding cluster (Fig. 3).

The obtained average values of in-
dicators of the unemployment rate,
demographic burden, the volume of re-
mittances of migrants and the proxim-
ity of their location to the demarcation
line confirm the conclusions obtained
by the author regarding the impact of
forced internal migration processes on
certain aspects of the level of socio-de-
mographic security of regions.

The situation in the east of the
country requires additional research
on the conceptual approach to assess-
ing the level of economic security of
the regions. In the light of these events,
it becomes clear that adequate man-
agement of the security of the regional
economy is impossible without taking
into account the risks of significant
fluctuations in its indicators under the
influence of forced internal migration
processes.

Conclusions and prospects for
further researches. As a result of the
study, the author constructed a neural
network of the Korhonen map type.
The model divided the training sample
from 25 regions (24 oblasts and the city
of Kyiv) into six clusters according to
the level of four indicators of social and
demographic security. This allowed us
to assess the impact of forced internal
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Fig. 3. Diagram of scattering of the generalized characteristics of separate
indicators of social and economic safety of regions on clusters of the Korhonen map
on data of 2019

Source: Made by the author.

migration on some aspects of socio-
economic security of the regions. Based
on the obtained Korhonen map, it is
shown that the Donetsk and Luhansk
Oblasts, which directly border the JFO
zone, had a catastrophic increase in the
demographic burden and unemploy-
ment rate during the study period. The
volume of remittances of migrants has
also decreased several times. The level
of socio-economic security of the re-
gions of the sixth cluster was selected
as dangerous according to the selected
indicators. In contrast, in the city of
Kyiv, which has significant volumes of
the IDP arrivals, an increase in the lev-
el of socio-economic security was re-
corded in the selected indicators. This
is due to the demographic structure of
IDP in the region. The ratio between
people of working age and retired per-
sons in IDP is 231 %. As a result, the
volume of cash flows from migrants,
low unemployment and demographic
burden have more than tripled.

The level of security of the oblasts
bordering Donetsk Oblast and Lu-
hansk Oblast remains consistently high
during the period under review. They
did not record the catastrophic impact
of forced internal migration processes,
but there was an increase in the demo-
graphic burden indicator.

The obtained results can be used
for the formation of regional socio-eco-
nomic policy and the corresponding
national demographic and migration
policy. The cluster analysis process
and the proposed system of indicators
make it possible to constantly monitor
and assess the impact of forced internal
migration processes on certain aspects
of socio-economic security of regions.
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