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Abstract

The consequence of the military aggression of the Russian Federation is the loss of control over part of the territory of Donetsk
and Luhansk regions in Eastern Ukraine and the annexation of the Crimean peninsula. The events are accompanied by the
objective processes of migration of persons who were forced to leave their permanent residence and move to other regions
of Ukraine or abroad. As a result, a new category of citizens who are the internally displaced persons (IDPs) has arrived in the
country counting for millions of people. In such circumstances, the study of the interdependence between gross regional product
(GRP) and the IDP migration is topical and reflects the ongoing social and economic processes in a big European country.

As a result of the study, a two-layer neural network with an error back-propagation model that simulates the nonlinear impact of
the number of internally displaced persons on the dynamics of gross regional product has been constructed.

According to the number of IDPs, regions such as Donetsk, Luhansk, Kharkiv, Zaporizhzhia and Kyiv, including Kyiv city, are
among the first ten regions of Ukraine. Based on the data from the abovementioned regions, we have formed a statistical
sampling in order to formulate and test the prospective economic and mathematical model.

The study of mutual correlation function graphs by regions has allowed justifying the value of the time lag, which shifts an array
of explanatory variables along the time axis, on average, into nine periods (three quarters). According to the results, only for
Kharkiv, Donetsk, Luhansk, Zaporizhzhia and Kyiv regions, there is a significant correlation between the studied indicators. This
conclusion is substantiated in view of the fact that the number of IDPs, in the structure of which only about 23% represents the
working age population, impacts the size of the gross product growth in the regions. The abovementioned regions account for
75% of the total number of internally displaced persons.

The estimation of the forecast reliability, based on the 2017 data for Dnipropetrovsk region, points to the high accuracy of the
developed model. The author of the article has identified specific features that accompany the processes of internal migration of
the able-bodied population. In particular, based on the correlation function, the value of the time lag, which is shifted by the effect
of IDP movement into a separate region, has been substantiated. The author has developed a neural network which establishes
nonlinear regression dependence between the number if IDPs and the dynamics of GRP with high reliability.
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Apakenosa l. O.

KaHanaaT eKOHOMIYHMX HayK, AeKaH haKynsTeTy eKOHOMIKM,

[oHeubKuiA fepXXaBHUIA yHIBEpCUTET ynpasniHHA, Mapiynonb, YkpaiHa

Mo6yaoBa HeniHilHOI Mopeni OWiHKM BMJIMBY AUHAMIKU BHYTPILLHbO NepeMilleHuxX ocié

Ha piBeHb coLiajibHO-eKOHOMIYHOIO PO3BUTKY PErioHiB

AHortauis. Hacnigkom BilicbkoBoi arpecii Pociicbkoi ®Pefiepalii ctana BTpara KOHTPOMO Haf, YacTuHOW Teputopii JoHewubKol
Ta JlyraHcbKoi obnacTein Ha cxogi YKpaiHm Ta aHekcid Kpumcbkoro nisoctposa. Lli mopgii cynpoBomKyoTbCA 06’ EKTUBHUMN
npouecamn mirpauii nogen, ski 6ynu 3MyLUeHi 3anMwnTi CBOE MOCTINHE MiCLe MPOXMBaHHA Ta nepeixaTy B iHWi perioHu
YKkpaiHn abo 3a KoppoH. Sk Hacnigok, B KpaiHi cchopmyBanacs HoBa KaTeropist HacefeHHst — BHYTPILUHbO NepemMilleHi ocobu
(BMO), KinbKiCTb SKMX NEPEBULLYE MiNIbIAOH OCi6. 3a Takux 06CTaBUH BUBYEHHSI B3AEMO3aNEXHOCTI Mi>K BanOBUM PerioHanbHUM
npogykTom (BPI1) Ta Mirpaujieto BHYTPILLHIX NepeMilleHb € akTyanbHUM i Bigobpakae NOTOYHI coLjiasibHi Ta EKOHOMIYHI Npouecu
y BENVKI EBPONENCHKIN KpaiHi.

B pesynbraTi npoBegeHoro AocnigkeHHs 6yno nobyaoBaHO ABOLLAPOBY HEMPOHHY MEPEeXy 3i 3BOPOTHIM PO3MOBCIOAKEHHAM
NOMWJIKN, LLIO MOAESIOE HEMIHIHNIA BNAUB KiNbKOCTI BHYTPILLHBO nepemillieHnx ocib (BMO) Ha guHamiky BanoBoro perioHansHoro
npogaykty (BPIM).

Cepep, nepwmnx gecsAtn perioHiB Ykpaiin 3a gaHumn BMO nposigHi nosuuii 3arimatoTe [oHeubka, JlyraHcbka, XapkiBcbka,
3anopisbcbka Ta KniBcbka obnacTi, a Takox micto Knie. Ha nigcTasi gaHnx Lmx perioHiB chopmMoBaHO CTaTUCTUYHY BUOIPKY 3
METO0 (POPMYIIOBAHHSA Ta NEPEBIPKN NEPCNEKTMBHOI EKOHOMIKO-MaTeMaTuyHOI Mogeni.

BuBueHHs rpadikis B3aeMHO KopensAuinHoi (hyHKLT No perioHax 4o3Boanno o6rpyHTyBaTi BENNMYMHY YacoBOro fary, Lo 3cyBae
MacuB MOSICHIOBAJILHUX 3MiHHMX B3[OBX 4acOBOI BiCi B cepegHbOMY Ha AeB’ATb nepiodiB (Tpy kBapTanw). BignosigHo go
OTpUMaHuX pesynbraTie fvwe ansa XapkiBcbkoi, [JoHeLbKoi, JlyraHCbKoi Ta 3anopisbkoi obnacTen, a Takox Micta Knesa, icHye
NMOMITHUIA B3aEMO3B’A30K MiXK AOCAIOKYBaHUMN NOKa3HKamu. [JaHnii BUCHOBOK € 3aKOHOMIPHMM, OCKinbku Big Yucna BrO, B
CTPYKTYpIi AKMX nniue 6nmn3bko 23% cknagatoTb 0cobu npauesnaTHoro Biky, 3aneXXnTb BENNYMHA 3POCTaHHS BanioBOro NpoaykTy
B perioHax. Ha 3asHauveHi BuLLie perioHn npunagae 75% Big, 3aranbHOi KiflbKOCTi BHYTPILLHBO NepeMiLLeHnX OcCib.

OuiHka JoCTOBIpPHOCTI NOByaoBaHOrO NMPOrHo3y 3a gaHumu 2017 poky gnst [HiNponeTpoBCbKOI o6nacTi BKa3ye Ha BUCKOKY
TOYHICTb NobynoBaHoi Mogeni. BuaHayeHo 0co6nMBOCTI, WO CynpoOBOLKYIOTb NMPOoLEecK BHYTPILWHBLOI Mirpadii npauesgaTHoro
HaceneHHsl. Ha ocHOBI B3aeMHO KOpPensuinHoi (yHKLii 06r'pyHTOBaHO BEIMYUHY 4acOBOro nary, Ha siky 3cyBaeTbCsl eheKT Big
nepemiwieHHs BIMO go okpemo B3SiTOro perioHy. ABTOpPOM cTaTTi No6y[oBaHO HEVPOHHY MEpPEeXYy, L0 3 BUCOKO AOCTOBIPHICTIO
BCTaHOB/IOE HENMiHIHY pPerpecinHy 3anexHicTb MiX KinbkicTio BIMO Ta gnHamikoro BPIT.

Knro4voBi cnoBa: BHYTPILIHBO NepeMilleHi 0cobu; BanoBuin perioHanbHUn NPOAYKT; B3aEMHO KopensuiiHa (yHKLis; YacoBuin
nar; HeniHinHa Mopenb; HEPOHHA Mepexa.
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Apakenosa WU. A.

KaHanaaT 3KOHOMUYECKMX HayK, AeKaH (hakynsTeTa 9KOHOMUKMY,

[oHeuKnii rocyaapCTBEHHbI YHUBEPCUTET yrpasneHns, Mapuynonb, YkpanHa

MocTpoeHne HeNeHENHOW MOAENUN OLEHKN BIIMSIHUA AUHAMUKW BHYTPEHHE NepeMeLLeHHbIX JnL,

Ha ypoBeHb coLManbHO-3KOHOMNYECKOIro pa3BUTUSA PErmMoHoB

AHHoTauus. MNMocnegcTemsiMM BOeHHONW arpeccun Poccuiickon depepauun ctanu notepsi KOHTPONA Haf YacTblo Tepputopum
[oHeukoli n JlyraHckol o6nacTei Ha BOCTOKe YKpauHbl, a Takxke aHHeKkcus nonyoctposa KpbiM. 3Tu COObLITUS CONPOBOXAAIOTCA
OOBEKTMBHbLIMM MpoLeccamn MUrpaummn Nofen, BbIHYXAEHHbIX NMOKWHYTb CBOE NMOCTOSIHHOE MECTO XWUTeNbCTBa M nepeexaTb
B Apyrue pervoHbl YKpauHbl unn 3a rpaHudy. B pesynstate B YkpanHe chopmupoBanacb HOBas KaTteropusi HaceneHus —
BHYTPEHHe nepemelleHHble nuua (BMJ1), KOTOpbIX HaCHUTbIBAIOTCA MWANMOHBI. [pn Taknx o6CTOATENbCTBAx W3y4veHue
B32MMO3aBMCMMOCTI MEXAY BaSIOBbIM pernoHanbHbiM npogykToM (BPM) n murpauuwen BIJ1 akTyanbHO 1 oTpaxkaeT Tekylume
coumanbHO-3KOHOMMYECKIME NPOoLLECChl B 6OMbLLION €BPOMNencKol cTpaHe.

B pesynbTaTte npoBeaeHHOro nccneaoBaHns 6b110 MOCTPOEHO ABYXCMNONMHYIO HEMPOHHYIO CETb C 06PaTHLIM PacnpPOCTPaHEHNEM
OLIMBKU, KOTOpas MOZENMPYET HENMHENHOE BNUSIHAE KONMYECTBA BHYTPEHHE NepemeLleHHbIx nuy (BIMJ1) Ha guHammky Banosoro
pernoHansHoro npogykTa (BPIM).

Cpenwn nepsbix AECATU PErMOHOB YKpauHbl no vucny BIJ1 — OoHeukas, JlyraHckas, XapbkoBckas, 3anopoxckas, Kuesckas
o6bnactu nr. Kues. Ha ocHOBe AaHHbIX N3 3TUX PErMOHOB Bbina chopMmnpoBaHa cTaTucTuyeckas Bolbopka Aans opmMynmposaHns
1 MPOBEPKN 3KOHOMNYECKO-MaTEMaTNHECKON MOAENN.

M3yyeHne rpadnkoB B3avIMHO KOPPENALMOHHOW (DYHKLMX NO pernoHam no3Bonnno 060CHOBaTb BEIMYUHY BPEMEHHOro nara,
YTO CABWraeT MaccuB OOBACHUTENbHBIX NePeMEeHHbIX BAOMb BPEMEHHON OCK B CPeAHEM Ha AeBsATb NepuofoB (TP KBapTana).
CornacHo nony4eHHbIM pe3ynbsTaTam, TONbKO Anst XapbKoBCKOo, [loHewuKkon, JlyraHckoi, 3anopo)kckoi obnacTeli n ropoaa Knes
CyLLeCTBYET 3aMeTHasa B3aMOCBS3b MeXAy nccrnegyembiMn nokasatenamu. [laHHbIN BbIBOA ABNSETCSA BNOMHE 06OCHOBaHHbLIM,
Tak Kak oT uncneHHocTtn BIMJ1, B CTpyKType KOTOpbIX TONbKO OkKono 23% COCTaBnsaloT nnua TPy[oCnoco6HOro Bo3pacTa,
HanpsMyto 3aBUCUT BeNnYMHa pocTa BanoBOro NPOAyKTa B pervoHax. Ha ykasaHHble Bbile pervoHbl npuxogntes 75% ot
06LLIEro KONMYECTBa BHYTPEHHE NEPEMELLEHHBIX JINL,.

OueHka JOCTOBEPHOCTM MOCTPOEHHOrO MPOorHo3a no AaHHbiM 2017 roga ans [AHenponeTpoBCKO ob6nactu ykasblBaeT Ha
TOYHOCTb MOCTPOEHHOW mogenu. OnpepeneHbl 0OCOBGEHHOCTN, KOTOPble COMPOBOXAAIOT MPOLECChI BHYTPEHHEN Murpaumum
TPYQOCNOCOGHOIrO HaceneHus. B 4acTHOCTW, Ha OCHOBE B3aUMHO KOPPENAUMOHHOW (YHKLUUM OBOCHOBAHHO BEUYUHY
BPEMEHHOro fara, Ha KoTopyto casuraetcs addekT oT nepemelleHns BlJ1 B oTaenbHO B3STOM pervioHe. ABTOPOM CTaTbu
NOCTPOEHa HEPOHHAs CETb, KOTOPAsi C BbICOKOW OCTOBEPHOCTLIO YCTaHaBNNBAET HESIMHENHYIO PErPECCUOHHYIO 3aBNCUMOCTb
mMexay konudectsom BIMJ1 n guHamukoii BPIT.

KnioueBble cnoBa: BHyTpY NepemelleHHble N1La; BasIOBON PervoHanbHbIi NPOAYKT; B3aUMHO KOPPENsaUMOHHas (yHKLMS;

BPEMEHHOW nar; HennHeliHasi Mofenb; HEMPOHHas CEeTb.

1. Introduction

The consequence of the military aggression of the Rus-
sian Federation is the loss of control over part of the territory of
Donetsk and Luhansk regions in Eastern Ukraine and the an-
nexation of the Crimean peninsula. The events are accompa-
nied by the objective processes of migration of persons who
were forced to leave their permanent residence and move to
other regions of Ukraine or abroad. In accordance with the de-
finition stated in the «Guiding Principles on Internally Displaced
Persons Issues» developed by the United Nations, such per-
sons receive the status of internally displaced persons (IDPs),
given that «internally displaced persons are individuals or
groups of persons forced to leave their homes or places of per-
manent residence as a result, or to avoid the consequences,
of an armed conflict, manifestations of violence, human rights
violations, natural or industrial disasters, and who did not cross
international recognized frontiers» (ECOSOC, 1998).

The importance of these processes has led to the appea-
rance of relevant scientific works. However, the majority of
them are focused on studying the age and social structure of
IDPs, issues of regional labour markets and real estate, which
are short-term effects of internal migration. However, four
years have passed since the beginning of mass internal dis-
placement; there has been an accumulation of statistical in-
formation, and it has become possible to assess middle-term
effects of the process. In particular, the growth of the able-bo-
died population in certain regions is expected to be reflected in
the size of gross regional product (GRP).

The study of nonlinear and interspaced time changes of
GRP, impacted by the IDP migration, is essential for the forma-
tion of regional economic policies, as well as for the introduc-
tion of perspective plans for the development of private entre-
preneurship, housing market, social infrastructure, etc.

2. Brief Literature Review

A complex analysis of the modern trends in the migra-
tion in Ukraine, covering its impact on the country’s demo-
graphic and socio-economic development, has been done
by a significant number of Ukrainian scholars, including
A. Gladun, T. Hnatyuk, T. Dragunova, O. lvankova-Stetsyuk,
E. Libanova, I. Maydanik, I. Mostovaya, A. Ovchinnikova,

A. Pozniak, |. Prybytkova, M. Romaniuk, A. Khomra and
P. Shuspanova.

Among foreign scholars, a significant contribution to the
study of regional migration theory has been made by P. Pe-
dersen (2004), M. Pytlikova (2004), N. Smith (2004). The stu-
dies by G. Borjas (1992; 1995; 1999), D. Levhari (1982) and
O. Stark (1982; 1998) are devoted to the economic issues of
immigration processes.

Taking into the account the cessation of peak processes
of internal migration, there are objective prerequisites for a
post-stage analysis and assessment of the middle-term ef-
fects of the relevant processes. The assessment of the im-
pact of the number of IDPs on the size of GRP is of particular
importance for regional economic development.

The analysis of research publications in this area gives
grounds to consider the results of assessing the impact of do-
mestic forced migration on the dynamics of the gross product
in certain regions extremely insufficient.

3. The purpose

The research aims at the study of effects of the internal mi-
gration of persons from temporarily occupied territories on the
dynamics of GRP, taking into account the peculiarities of the
time distribution of the relevant effects in order to make a scien-
tific justification of time lags, which are considered when con-
structing a nonlinear mathematical model of such dependence.

The main objectives of the research are to construct a
nonlinear model of the dependence of the number of IDP on
the dynamics of GRP in selected regions; to pre-substantiate
the need of taking into account certain inertia of these effects
and determining the magnitude of the corresponding time lag,
to select mathematical tools that meet the research objectives
and the specifics of the available statistical information as well
as to ground the obtained findings.

4. Results

Considering issues relating to the internally displaced per-
sons in Ukraine, it is necessary to realise that currently the matter
is one of the most acute global problems, since the number of
IDPs worldwide has grown to almost 40 million people who were
forced to become migrants due to wars or natural disasters in
2017. According to the IDMC, armed conflicts have caused the
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resettlement of 11.8 million people, doubling more than
in 2016, and about 19 million people were left without
a roof over 2017 due to the disaster - most of them are
from China, the Philippines, Cuba and the United States.

In the EU member states, there are 2.5 to 2.8 mil-
lion internally displaced people: there are about 1 mil-
lion people in Turkey, about 600 thousand in Azerbai-
jan, 274 thousand in Georgia, 225 thousand in Serbia,
113 thousand in Bosnia and Herzegovina; others are in
the Balkan countries, Armenia and Russia.

The increase in the number of internally displaced
people, as a result of protracted wars has been noted
in the following countries: Irag, South Sudan, Syria, the
Democratic Republic of the Congo and Nigeria. The five
countries account for 60% of the world’s internal dis-
placement. Over the past four years, Ukraine has also
joined the group of these countries.

According to the data of the Ministry of Social Policy,
departments of social protection of the population of re-
gional and Kyiv City state administrations, the number of
internally displaced persons in Ukraine, as of the begin-
ning of May 2018, was 1,502.019 persons. The largest
number of IDPs lives in Donetsk region - 548,144 people,
Luhansk region - 292,191 people and in Kyiv City - 162,334 peo-
ple. About 60% of the IDPs are retired, 23.1% are able-bodied,
12.8% are children and 4.1% are disabled persons (Ministry of
Social Policy of Ukraine, 2018).

It is essential to add that the lowest number of IDPs is re-
gistered in the western regions of Ukraine, i.e. in Volyn region
(2,892 persons), Chernivtsi region (2,503 persons) and Terno-
pil region (2,123 persons).

The pattern of territorial resettlement of internally dis-
placed persons in the regions of Ukraine is shown in Table 1.

According to the number of IDP, Kyiv, Dnipropetrovsk, Pol-
tava, Odesa and Sumy are among the first ten regions. Corre-
spondingly, based on the statistic information from the regions,
we form a statistical sampling in order to formulate and test the
prospective economic and mathematical model (see Figure 1).

It is necessary to formulate requirements for mathematical
tools so as to construct the model showing interconnection
between the number of IDPs and GRP. The following should
be considered.

1. The mathematical model should describe the nonlinear effects
peculiar to the investigated processes. In particular, there is
a noticeable asymmetry between the number of IDPs and
the dynamics of GRP, which is explained by the social age
structure of IDPs, in which only about 23% of persons are of

Tab. 1: Distribution of internally displaced persons
by regions of Ukraine in May 2018

Number of IDPs
2722-5000
5001-10000

771 10001-20000

[ 20001-75000

Il 75001-125000

Il 125001-250000

Il 250001-676533

Fig. 1: Number of IDPs by regions of Ukraine as of the end of 2017

Source: Compiled by the author based on data
by the Ministry of Social Policy of Ukraine

working age. Inversely to the purposeful labour migration pro-
cesses from the territory of Ukraine to neighbouring Poland,
it causes almost a direct proportional effect on GDP growth.

2. The mathematical model should take into account certain
time inertia between the emergence of the able-bodied
population in the regional labour market and the reflection
of the results of their labour in the GRP amount.

3. The mathematical model ought to be flexible to changes in
output data and to adjust with the emergence of relevant
information or changes in external conditions.

In accordance with the requirements for developing a non-
linear model of the relationship between the IDP number and
the GRP dynamics, the author used the mathematical appa-
ratus of the neural networks theory.

Compared with other mathematical tools designed to sup-
port decision-making process under uncertainty and the availa-
bility of small-size accessible databases, neural networks have

a number of specific advantages (Strelchenko, 2011). They:

1) allow to effectively model nonlinear processes;

2) do not require strict mathematical specification of the mo-
del during the resolving of non-formalised or poorly forma-
lised tasks;

3) are adaptive to changes of the affecting factors;

4) allow performing parallel processing of information;

5) are effective when working with incomplete or noisy data;

6) provide the possibility of classification on many grounds;

7) are effective in predicting time series that depend on many
factors;

Territorial unit, Number of internally
region displaced persons, people
1 Cherkasy 11,391
2 Chernihiv 8,492
3 | Chernivtsi 2,503
4 Dnipropetrovsk 74,036
5 | Donetsk 548,144
6 Ivano-Frankivsk 3,563
7 | Kharkiv 125,132
8 Kherson 13,959
9 Khmelnytskyi 6,582
10 | Kirovohrad 6,630
11 | Kyiv 63,857
12 | Kyiv City 162,334
13 | Luhansk 292,191
14 | Lviv 11,768
15 | Mykolaiv 8,416
16 | Odesa 40,786
17 | Poltava 25,406
18 | Rivne 3,244
19 | Sumy 11,215
20 | Ternopil 2,123
21 | Vinnytsia 11,416
22 | Volyn 2,892
23 | Zakarpattia 3,606
24 | Zaporizhzhia 55,078
25 | Zhytomyr 7,255

Source: Ministry of Social Policy of Ukraine, 2018
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8) effectively work in the task of finding hidden patterns in
data arrays.

First of all, it is important to create a learning sample in order
to configure the parameters of the neural network. Previously,
it has been noted that it is expedient to include statistics in the
learning sample from ten areas, where the number of IDPs is
statistically significant for the GRP dynamics. The data forming
the learning sample must have the same periodicity. According
to the available publicly, accessible statistical information on the
distribution of the number of IDPs by regions (State Migration
Service of Ukraine, 2018) and the amount of GRP (State Sta-
tistics Service of Ukraine, 2018), the sample included monthly
data for selected areas over the four-year period of 2014-2017.
The total amount of the learning sample (N)is:

N=2x4x12x10=960 . ()

One half of the data is the meaning of the explanatory /X /
variable. However, in order to justify the potential structure of the
neural network, it needs to be verified. For this purpose, the tes-
ting of the neural network is carried out on the basis of known
arrays of input indicators {X/ and resultant /Y } values. There-
fore, before the formation and testing the neural network, the
output data array will be shortened to rows that correspond to
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information in Kharkiv and Dnipropetrovsk regions. Finally, the
size of the learning sample of the elements N= 768 is obtained.

Let us consider the second requirement to the mathema-
tical model that was formulated earlier. The effect of inertia in
reflecting the influence of the IDP quantity on the GRP dyna-
mics is analytically taken into account as a time lag. That is,
the shift of the array of explanatory variables is relative to the
time axis of the previously known value 7. To determine the
time lag, the correlation function R} is used.

The mutually correlative function characterises the tightness
of the each dependent function element connection (Y}, with
the element of an independent variable {X } shifted to the time
lag 7, one relatively to the other. The values of the mutual corre-
lation function R lie in the range from -1 to 1. The largest value
{R) } taken by the module (closest to one) determines the time
lag. If some of the {R} } values are several units closer to one,
then it means that the late effect of the variable occurs over a
period of time, and as a result, there are several time lags for
the interrelated time series (Matviichuk and Strelchenko, 2015).

The correlation function R, between x(t)and y(¢- 7)is mu-
tually determined by the formula (2):

R (W=E[(x@)-n)p-7)-u)], @

where ,uyand u_are mathematical expectations of random
processes y(t) and x(t) respectively.

It is essential to construct graphs of the correlation func-
tion between the number IDPs and the GRP by the data of the
ten regions that are characterised by the largest number of in-
ternally displaced persons. In the process of creating the da-
tabase, an additional restriction was found on the length of
the initial series of data on the number of IDP. The official sta-
tistics of this indicator have been determined since July 2014.
Consequently, it reduces the learning sample on the elements
(six for each region).

In order to determine the statistically significant values of
the time lag 7 on the graph, one has to denote confidence in-
tervals calculated in the form of double inequalities:

MR, xL, -

@ f @)

where (ﬂRy,) is the selective meaning equal to the arithme-
tic mean of the correlation function; ¢ is the argument of the
Laplace function for a given probability ¢ (in this case a is the
assumed value; o is the selective quadratic deviation; »n is the
sample size).

The results of calculations are shown in Figures 2-5.

It is necessary to note that according to the obtained re-
sults, there is a significant correlation between the studied in-
dicators only for Kharkiv, Donetsk, Luhansk, Zaporizhzhia re-
gions and Kyiv city. This conclusion is substantiated in view
of the fact that the number of IDPs, in which structure there
is only approximately 23% represents the working age popu-
lation impacts the size of the gross product growth in the re-
gions. These regions account for 75% of the total number of
internally displaced persons.

According to the data, it is possible to determine the ave-
rage value of the time lag 7, that is 7 = 9 (periods).

Consequently, the final learning sample consists of an ar-
ray of explanatory variables shifted along the time scale for 9
periods for each resulting variable (4):

Y= (X5, X X)) @)

The analytical nonlinear model (4) was implemented on the
basis of the NeuroNetwork toolbox of the MatLab package.

In particular, a two-layer neural network with error back-
propagation for the solution of the nonlinear regression task
is constructed.

In accordance with the method of error back-propagation,
in order to determine the synaptic weights of a multilayer neural
network, a gradient method of finding the minimum of the er-
ror function in the direction opposite to the signal propagation
in the normal operation mode is used. Taking into the account

the computational characteristics of the gradient optimisation
methods, the derivative of the activation function must be de-
termined throughout the abscissa (Strelchenko, 2011).

The training of the neural network has been carried out ac-
cording to the Levenberg-Marquardt method. The algorithm
successfully combines the method of steepest descent (i.e. mi-
nimisation along the gradient) and the Newton method (i.e. use
of a quadratic model to accelerate the search for the function
minimum). The method of steepest descent gives the algorithm
the working stability, the Newton method influences as accelera-
ted convergence in the neighborhood of minimum. The Leven-
berg-Marquardt’s algorithm implements optimisation with sim-
ple constraints, that is limitation of the [ < X < u, form.

The error function is to be calculated using the modified
formula (5) as follows:

:—Z(y,, ). )

20T

where y and y;) are the output signal of the neuron and the
reference index for this neuron, respectively.
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Fig. 2: Mutually correlated function of selected indicators
for Kharkiv, Luhansk and Zaporizhzhia regions
for the period of July 14 - December 17 2017
Source: Compiled by the author

05 : . : : ; ; : . :

time lag

Fig. 3: Mutually correlated function of selected indicators
for Donetsk region and Kyiv City
for the period of July 2014 - December 2017
Source: Compiled by the author
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The adjustment of the matrix of synaptic weights by the
gradient descent method is given by the formula:

Oe
h
AWy, =11

pq

. ©)

where wﬂq is the coefficient of synaptic connection from
neuron p of layer % - 1 to neuron of layer;

77 is the coefficient of learning rate, 0 < 17 < 1.

Applying the rule for differentiating a complex function and

entering a new variable
5t = de dy,
"oy, dS,’
where § is the argument of the activation function of the
corresponding neuron, allows the expression (6) to be written
in a more usual form:

awl, =80y ™

rq

The value 5 is calculated according to the recursive for-
mula for each layer / based on the values 5" of the following
layers i+ 1:
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Fig. 4: Mutually correlated function of selected indicators
for Dnipropetrovsk, Poltava and Sumy regions
for the period of July 2014 - December 2017
Source: Compiled by the author
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Fig. 5: Mutually correlated function of selected indicators
for Kyiv and Odessa regions
for the period of July 2014 - December 2017
Source: Compiled by the author
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dy
5= {Z o = } )
P P dSp

-

As well as individually for the last layer H of the neural
network:
dy,
das,’

5 =) =) ©)

The expanded structure of the neural network for mo-
deling the nonlinear regression dependence between the IDP
number and the GRP dynamics is presented in Figures 6-8.

The results of the realised neural network training are
shown in Figure 9.

The determination coefficients shown in Figure 6 cor-
respond to the results of each stage of the neural network
training: learning (R = 0.765), verification (R = 0.946), testing
(R = 0.865), complete sample (R = 0.773).

The obtained results indicate a high level of reliability of
the obtained model. The constructed neural network makes
it possible to describe the existing nonlinear relationship
between the indicators by 77%.

Fig. 6: The expanded structure of a two-layer neural network,
modeling the nonlinear relationship between
the investigated indicators
Source: Compiled by the author

Fig. 7: The deployed structure of the first layer of the neural
network
Source: Compiled by the author
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It is possible to make a forecast for the GRP in 2017 for
Dnipropetrovsk region and compare it with the actual data. Tab. 2: Estimation of the constructed nonlinear model quality
The results are presented in Table 2.

The average absolute error of the forecast is UAH N 2 5 5
1,046.208 million or 2.65%, the average square error is & s = 5 5
3.1%. It testifies to the high quality of the obtained non- 2 2 2 £ Qo
linear model. a e 2 2 el

5. Conclusions RS o385 35 S 2

As a result of the study, a neural network that simulates No B = 5 S E = £ = o o
the nonlinear influence of the IDP number on the dynamics of E T 53 % T EES g g
the GRP has been developed. The preliminary analysis of the gs 2853 25 z z
learning sample has confirmed the assumption of the exis- 1 318747 31.056.3 818.4
tence of a certain time lag in the formation of a noticeable ef- 2 33:527_9 32:253_6 1,274.3
fect on the able-bodied population growth in the regions. It is 3 36,825.5 35,442.0 1,383.5

4 | 32,242.8 32,304.5 -61.7
5 | 28,969.1 29,912.1 -943
6 | 31,770.6 31,022.4 -748.2
7 | 31,164.7 32,215.1 1,050.4 | 1046.208 | 1184.706
8 | 35,816.4 33,948.5 18,67.9
9 | 35,427.2 36,429.3 -1,002.1
10 | 35,566.5 36,554,3 -987.8
11 | 39,580.7 37,453.4 2,127.3
12| 32,346.7 32,056.8 289.9
Source: Compiled by the author
Fig. 8: The deployed structure of the second layer
of the neural network logical to confirm the conclusion that the magnitude of the ef-
Source: Compiled by the author fect depends directly on the number of domestic migrants of

working age, accounting for an average of 23% of the total.
The study of graphs of the mutually correlated function by re-

L ing: R=0.76543 Verification: R=0.94633 . 7 e . . : i
10" eqmng 5 35 —~ - gion allowed justifying the value of the time lag, which shifts
© Dan : © Daa o the array of explanatory variables along the time axis, on ave-
" o o 3 o / rage, into nine periods (three quarters). From the point of view

of the socio-economic conditions that IDPs face with, this re-
sult is quite expected and indicates a long period of adapta-
tion and identification of migrants in the labour market.

Given the present inertia in the model, its general appea-
rance is as follows:

Y = (X s Xy s o X)),

5 10 15 10f ! 2 3 10t This analytical nonlinear model (4) was implemented on the
104 Testing: R=0.86547 Gemplete samply: R=0.77258 basis of the NeuroNetwork toolbox of the MatLab package.
o 7 o o E .In particular, a twg-layer neural network with back-.propa-
Fit : Fit B gation error for resolving the issue of nonlinear regression has
4 Y=T 1 =T L been developed.

The results of the training of the neural network are: training
(R = 0.765), verification (R = 0.946), testing (R = 0.865), com-
plete sample (R = 0.773).

The reliability of the estimation of the developed fore-
cast according to the data of 2017 for Dnipropetrovsk region
points to the high accuracy of the constructed model: the
average absolute error of the forecast is 2.65%, the average
square error is 3.1%.

1 2 3 4 4 s 10 15
10 ol The constructed model can be used for planning and
Fig. 9: Results of training of the neural network operational assessment of the migrant workforce impact on
Source: Compiled by the author socio-economic development of regions.
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