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IMPROVEMENT OF MIGRATION BALANCE FORECASTING WITHIN
THE FRAMEWORK OF MANAGEMENT OF SOCIO-ECONOMIC
DEVELOPMENT OF SINGLE-INDUSTRY TOWNS
ON THE BASIS OF ARTIFICIAL INTELLIGENCE
(on the materials of the Republic of Kazakhstan)

In this study, models of artificial neural networks of migration balances are developed in order
to improve the efficiency of management of socio-economic development of single-industry towns
in the Republic of Kazakhstan. Now there are no universal tools for forecasting indicators of socio-
economic development in general and characterising migration processes in particular. However, the
volume of budget allocations to address human resources issues in single-industry towns, the creation
of social facilities and the implementation of other activities that are significant for economic, social
and infrastructural development, the direction of development of single-industry towns depend on the
forecast of migration balance. In addition, the forecast of migration balance is important for identifying
core areas and their subsequent priority development. In this article, a substantial analysis of researchers’
works is carried out, and it is determined that artificial intelligence models, in particular, the most
adaptive neural networks are not used in forecasting the migration balance. The purpose of this study
is to develop models of artificial neural networks of migration balance to improve the efficiency of
management of socio-economic development of single-industry towns in the Republic of Kazakhstan.
The result of the research is a methodological approach and a toolkit for forecasting the migration
balance for single-industry towns in the Republic of Kazakhstan. The developed approach to forecasting
and the toolkit are universal in the field of forecasting socio-economic indicators. In addition, the results
described in the article can be used in other studies in the field of forecasting and planning. In particular,
the developed toolkit can be used to assess the effectiveness of management decisions, for example, in
the implementation of evidence-based policy for the development of single-industry towns.

Key words: migration balance, single-industry towns, artificial intelligence models, artificial neural
networks, model error, management of socio-economic development.
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)KaCElH,A,bI UHTEAAEKT Hel'i3iH,A,e MOHOKAaAaAapPAbIH a/\eyMeTTiK-:-)KOHOMMKa/\bIK, AAMYbIH
6ackapy weHobepiHae (KasakcraH PecnyOAnKacbiHbIH, MaTepUaAAAPbIHAQ)
KOLLi-KOH CAaAbAOCbIH 6OAXKAYADbI XKETIAAIPY

byA 3epTTeyae KasakcraH PecrybAnkacbl MOHOKAAAAAPbIHbIH SAEYMETTiK-DKOHOMMKAABIK, AAaMYbIH
6ackapyAblH TMIMAIAIFIH apTTbIpy MakcaTblHAQ KOLWi-KOH CaAbAOCBIHbIH >KaCaHAbl HEMPOHADIK,
JKEAIAepiHIH, MoAeAbaepi 83ipAeHAl. Kasipri yakbITTa >KaAnbl 8AEYMETTIK-3KOHOMMKAABIK, AaMy
KepCeTKilITEPIiH OOAXKAYAbIH, >KOHE aTarn anTKaHAa Kelli-KOH MpouecTepiH curaTTanTbiH ambebarn
Kypansap >KOK. AAamAQ, MOHOKAAAAAPAbl AaMbITy 0OafbiTTapbl, MOHOKAAAAAPAAFbl  KaAPAbIK,
MOCEAEAEPAI LUELYre, SAEYMETTIK OObEKTIAEPAI KYpyFa >KOHE 3KOHOMMKAAbIK, SAEYMETTIK >KoHe
MH(PAKYPbIABIMADBIK, AaMy YLIIH MaHbi3Abl 6acka Aa ic-liaparapAbl icke acblpyfa 6arbiTTaAraH
BIOAXKETTIK KapaXkaT KeAeMi KeLi-KOH CaAbAOCbIHbIH, 60AXaMbIHa GaiAaHbICTbl. COHbIMEH KaTap, Tipek
ayMaKTapAbl aHbIKTay >KOHE OAapAbl KeMiHHeH GacbiM AaMbITY MaKCaTblHAQ KOLLi-KOH CaAbAOCbIHbIH
60AKaMbl MaHbI3Abl. ByA Makaasa 3epTTeylliAepAiH )KYMbICbIHA Ma3MYyHAbI TaAAQY >KAaCaAAbl, OHbIH
HaTMXKeAepi 60MbIHLLIA XXaCaHAbI MHTEAAEKT MOAEABAEPI, aTamn anTkaHAa, eH GeniMAEATILL HEMPOHADIK,
>KeAIAep KeLLi-KOH CaAbAOCbIH H0AXKAYAA KOAAAHBIAMANTLIHABIFbI aHbIKTaAAbl. ByA 3epTTeyaiH MakcaTbl-
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Improvement of migration balance forecasting within the framework of management of socio-economic development ...

KasakcrtaH Pecnybamkacbl MOHOKaAaAapblHbliH 9AEYMETTIK-DKOHOMMKAAbIK, AaMybliH 6GacKapyAblH
TUIMAIAITIH apTTbIPY YLUIH KOLWi-KOH CAaAbAOCBIHbIH >KaCaHAbl HEMPOHABIK, YXEAIAEPiIHIH, MOAEAbAEPIH
a3ipAey. 3epTTey HaTuxeci KasakcTtaH PecnybAmKacbiHbIH MOHOKAAAAAPb! YLLiH KOLLi-KOH CaAbAOCbIH
6OAXKAYAbIH, BAICTEMEAIK TOCIAI MeH KypaAaAapbl 6OAbIN TabbiAaabl. BoAXkayFa @3ipAeHreH TaciA mMeH
KYPaAAAP >KMbIHTbIFbl 9AEYMETTIK-3KOHOMMKAABIK, KOPCETKILLTEPAi 6OAXKay caracbiHAA dMbeban 6OAbIN
Tabbiraabl. COHbIMEH KaTap, MaKaAaAa CuMaTTaAFaH HaTukeAaep GOAXKay, XKOCMapAay CaAaCbIHAAFbI
6acka 3epTTeyAepAe KOAAAHbIAYbI MYMKiH. ATar ainTKaHAQ, 93ipAEHreH KyPaAAap >KMbIHTbIFbIH OacKapy
LIeLiMAEPIHIH TUIMAIAITIH 6aFaAay yLIiH KOAAaHyFa 6GOAAAbl, MbICaAbl MOHOKAAAAaPAbl AAMbITy
MaK,CaTbIHAQ ADAEAAI CASCATThl iCKe acblpy Ke3iHAE.

Ty#HiH ce3aep: KOLi-KOH CaAbAOCbI, MOHOKAAAAQpP, XacCaHAbl MHTEAAEKT MOAEAbAEPI, YKaCaHAbI
HEMPOHADBIK, >KEAIAEDP, MOAEAb KaTeCi, 9AEYMETTIK-DKOHOMMKAABIK, AAMYAbl GacKapy.
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CoBeplLueHCTBOBaHHWe MPOrHO3MPOBaHMUS CaAbAO MHUIPaLMM
B pamMKax ynpaBA€HUsl COLMAaAbHO-3KOHOMMYECKUM pa3BUTUEM MOHOTOPOAOB
Ha OCHOBE MCKYCCTBEHHOro MHTeAAeKTa (Ha marepmarax Pecnyoankm KasaxcraH)

B AQHHOM MccAep0BaHMM pa3paboTaHbl MOAEAN MCKYCCTBEHHbIX HEMPOHHbIX CETEN CAaAbAO MUTpa-
LMK C LleAbIO MOBbILLEHNS 3(DHEKTUBHOCTU YNPABAEHMS COLIMAAbHO-3KOHOMWYECKMM Pa3BUTHEM MOHO-
ropoaoB Pecnybamku KasaxctaH. Ha AaHHbIM MOMEHT He CYLLeCTBYeT YHUBEPCAAbHbIX MHCTPYMEHTOB
MPOrHO3MPOBaHUS NMoKasaTeAel COLMAAbHO-3KOHOMMYECKOrO Pa3BUTUS B LLIEAOM M XapaKTEPU3YIOLLIMX
MUIPALMOHHbIE MPOLECCHI B YaCTHOCTU. OAHAKO 06beM BIOAKETHBIX aCCUTHOBAHMIA, HAaNPaBAsSIEMbII Ha
peLleHne KaAPOBbIX BOMPOCOB B MOHOTOPOAAX, CO3AAHME COLMAAbHbIX OOBEKTOB M peaAn3aLmio Apy-
rMX MepPONPUSTUIA, 3HAUMMBIX AAS DKOHOMMUYECKOTO, COLUMAABHOIO M MHPPACTPYKTYPHOrO pa3BUTUS,
HarpaBAEHWS Pa3BUTUS MOHOTOPOAOB 3aBUCST OT MPOrHO3a CaAbAO MUrpaumm. Kpome Toro, nporHo3
CaAbAO MUIpaLIMM BaXKEH C LIEABIO OMPEAEAEHWNS OMOPHbIX TEPPUTOPUIA 1 UX MOCAEAYIOLLErO NMPUOPH-
TETHOrO Pa3BUTUS. B AaHHOW CTaTbe NMPOBeAEH CoAepyKaTeAbHbIM aHaAM3 paboT MCCAeAOBaTEAEN, MO
pe3yAbTaTam KOTOPOro OMPEAEAEHO, UTO MOAEAM MCKYCCTBEHHOTO MHTEAAEKTA, B YaCTHOCTH HanboAaee
aAQMNTMBHbIE HEMPOHHbIE CETU He UCTMOAb3YIOTCS MPU MPOrHO3MPOBAHUM CAAbAO MUrpaLmn. Lleab AaH-
HOroO MCCAEAOBaHUS — pa3paboTka MOAEAEN MCKYCCTBEHHbIX HEMPOHHBIX CETe CaAbAO MUTPALMK AAS
NoBblILleHNs 3(PPEKTUBHOCTU YNPaBAEHUS COLIMAABHO-3KOHOMWYECKMM Pa3BUTHEM MOHOropoaoB Pec-
ny6Amku KasaxcraH. Pe3yAbTaToM MCCAEAOBAHMS SIBASETCS METOAMYECKMIA TOAXOA M MHCTPYMEHTApHI
MPOrHO3MPOBAHMS CAAbAO MUIPALLUM AASE MOHOTOPOAOB Pecry6ankn KasaxcraH. Pa3paboTaHHblii MoA-
XOA K MPOrHO3MPOBAHUIO M MHCTPYMEHTaPUit IBASIIOTCS YHMBEPCAAbHbIMM B 00AACTH MPOrHO3MPOBaHUS
COLIMAaAbHO-3KOHOMMYECKMX MoKa3aTeAen. Kpome TOro, peayAbTaTtbl, OMM1CaHHbIE B CTaTbe, MOTYT ObiTb
MCMOAb30BaHbl B APYTMX UCCAEAOBAHMSX B 0OAACTM MPOrHO3MPOBaHUS, NAAHMPOBaHUS. B yacTHoCTH,
pa3paboTaHHbI MHCTPYMEHTAPUIA MOXKHO MPUMEHSITb AASI OLLEHKM 3PEKTUBHOCTU YNIPABAEHUECKMX
peLueHuit, HanpuMep, NPy peaAn3aummn AOKa3aTeAbHOM NMOAUTUKM C LLEAbIO Pa3BUTUS MOHOrOPOAOB.

KAloueBble cAoBa: CaAbAO MMIpaumu, MOHOTOPOAQ, MOAEAM UCKYCCTBEHHOIrO MHTEAAEKTa, MC-
KYCCTBEHHbIE HEMPOHHblE CETH, OLLIMOKA MOAEAM, YIPABAEHUE COLLMAAbHO-3KOHOMMYECKMUM Pa3BUTUEM.

Introduction

One of the important mechanisms of space de-
velopment is population migration. In the condi-
tions of the global world, population migration is
changing its character. If at the beginning of the
20th century the main population movements were
associated with wars and emergencies, now popu-
lation migration is a conscious process of search-
ing for better living conditions and application of
labor.

At the same time, uncontrolled population mi-
gration can lead to a sharp contraction of economic
space and loss of territorial integrity of the state. The
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task of the authorities is to manage migration pro-
cesses competently. For this purpose, it is necessary
to understand what factors influence this process
and to create conditions for controlling migration
processes.

Unfortunately, now there is no clear strategy
and policy for the development of single-industry
towns in the Republic of Kazakhstan. The study of
demographic trends in these cities plays a primary
role in building a clear policy and development
strategy in relation to these cities. In recent years,
there has been a strong outflow of population from
single-industry towns, which also creates a problem
for their further development (Akhmetova, 2023:
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86). Therefore, the study of demographic trends and
conditions of demographic sustainability of single-
industry towns, as well as the development of mech-
anisms for managing these processes is becoming
increasingly important. (Turgel, 2016: 30)

To solve the problem of migration in single-in-
dustry towns requires a significant amount of budget
allocations to address human resources issues in sin-
gle-industry towns, the creation of social facilities
and the implementation of other activities that are
significant for economic, social and infrastructural
development. Thus, the depreciation of water sup-
ply and sewerage networks in single-industry towns
averages 61%, heat networks and power lines — 55%
(Single-industry towns of Kazakhstan).

In addition, the forecast of migration balance is
important for identifying core areas and their subse-
quent priority development.

Now there are no universal tools for forecasting
indicators of socio-economic development in gen-
eral and migration balance in particular.

A substantive analysis of researchers’ works has
shown that the most common methodological ap-
proaches to demographic forecasting, including the
migration balance, are:

- time series modelling.

- construction of regression models.

However, the main disadvantage of these mod-
els is their poor adaptability to changes in the socio-
economic situation in the region, which negatively
affects the accuracy of the forecast.

The aim of the study is to develop models of
artificial neural networks of migration balances in
order to improve the efficiency of management of
socio-economic development of single-industry
towns in the Republic of Kazakhstan.

Objectives of the study:

- Determination of factors that have the strongest
influence on migration in single-industry towns;

- development of a methodological approach for
building a forecast of migration balance in single-
industry towns;

- development of tools for forecasting migration
balance in single-industry towns;

- approbation of the developed toolkit in the
management of socio-economic development of
single-industry towns.

The object of this research is the system of
management of socio-economic development of
single-industry towns in the Republic of Kazakh-
stan, the subject is economic and managerial rela-
tions arising in the management of single-industry
town development when using the migration bal-
ance forecast.

Literature review

Content analysis of the works of researchers has
shown that the most common methodological ap-
proaches to forecasting migration processes are:

- On the basis of time series analysis and model-
ling.

- Based on the construction and use of regres-
sion models.

This conclusion is based on a substantive analy-
sis of the works of more than 30 researchers.

A significant contribution to the development of
tools for building computer models of migration bal-
ances was made by: Meadows D. (Meadows, 2007:
16), Simon G.A. (Simon, 1978: 7), Forrester J. (For-
rester, 2003: 56; Forrester, 1974: 35) and others. In
the works, the aforementioned researchers also fo-
cused on the possibility of predicting migration pro-
cesses using regression and time series models. How-
ever, the main disadvantage of these models is their
poor adaptability to changes in the socio-economic
situation, which negatively affects accuracy.

A constructive analysis of studies, including the
most recent ones from 2023-2024, which used artifi-
cial neural network models to build migration fore-
casts, showed that forecasts using neural networks
are built either for the whole country or non-adaptive
algorithms are used in the process of building neu-
ral networks. In turn, such neural network forecasts
have little or no value for managing socio-economic
development (Lutfiani,, 2018; Bheemanna, 2023;
Mohammad, 2023; Rajesh, 2024).

In turn, the scientific problem can be defined as
follows: the use of subjective, non-adaptive meth-
odological approaches to forecasting indicators of
socio-economic development leads to high forecast
error and, as a consequence, inefficient management
of single-industry towns’ development. This has a
negative impact on the living standards of the popu-
lation.

Methodology

The study is based on the data of the National
Statistics of the Agency for Strategic Planning and
Reforms of the Republic of Kazakhstan, works
of researchers engaged in forecasting migration
processes, as well as the development and analysis
of algorithms for building artificial intelligence
models.

Autocorrelation and cluster analysis are used in
the development of tools for the formation of the
information base, and artificial neural networks are
used for modelling.
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Neural network training was chosen as a
paradigm: with a teacher; learning rule — error
correction; architecture — multilayer neural network;
training algorithm (optimiser) — BFGS.

When building models of artificial neural
networks with a teacher during error correction, the
parameters of the neural network are determined
in such a way that the actual data are as close as
possible to the values obtained by the model, i.e.
that the model error is minimal (it is found by the
test sample). To solve the forecasting problem, it is
important that the accuracy of the model is as high as
possible, because the effectiveness of management
of socio-economic development of single-industry
towns depends on the accuracy of the forecast.
Therefore, neural network training with a teacher
and the learning-error-correction rule were chosen
as the paradigm.

- Input weights
wil

- —NW\;\.‘

y

wé

Neuron inputs

Only multilayer neural networks are needed to
solve the prediction problem. After all, when a large
number of parameters are taken into account, the
probability of increasing the accuracy of modelling
increases.

The BFGS algorithm was chosen as an
optimizer because it is one of the most efficient
ways of optimisation. Numerous publications on
the effectiveness of using this algorithm to solve
complex problems not only in forecasting, the use of
this algorithm in modern neural network modelling
systems proves the feasibility of its application
within the framework of the study (Poluhin,
2019:135).

The structure of the artificial neuron can be
represented as follows (Fig. 1).

The scheme of operation of the BFGS algorithm
is shown in Figure 2.

Activation function

EE=—=— - OUtDUt

Summing function

Figure 1 — Structure of an artificial neuron
Note: compiled by the authors

k<0
while |V fi]| > €
Compute search direction

Compute Hy |
k—k+1
end (while)

Given starting point xo, convergence tolerance € > 0,
inverse Hessian approximation Ho;

Set xp41 = x; + e py where oy is computed from a line search
procedure to satisfy the Wolfe conditions
Define sy = xpyy —xpand yg = Vfi — Vfis

Pk = —Hlek:

Figure 2 — Schematic diagram of BFGS algorithm operation
Note: compiled by the authors
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The algorithm works as follows: at the first
iteration the initial weight coefficients of links in the
neural network are determined. At the next iterations
the weight coefficients are changed until the value
of the error on the test sample becomes minimal.

The STATISTICA software package version 13
is used for forming the information base, building
neural network models and forecasting on their
basis.

Results and discussion

Modern neural network models, compared to
time series and regression models, are significantly
more accurate, they have a more extensive degree
of applicability and are more adaptive. Using
specialised software products, they can be built by
a specialist without in-depth knowledge of neural
network modelling (Pattanayak, 2019:35).

Accordingly, to improve the accuracy of migration
balance forecasts, it is advisable to use an approach
based on the construction of artificial intelligence
models, namely artificial neural networks.

The characteristics of the approach developed in
the research are:

- Construction of models that conceptually
work in a similar way as an expert who develops a
forecast.

- Using only adaptive algorithms for building
neural network models.

The approach based on the construction and
use of neural networks can also be applied to the
forecasting of other indicators. In particular, the
neural network approach has already shown its
usefulness in planning socio-economic development
in the study devoted to the development of tools for
forecasting one of the most important parameters
of socio-economic development forecast — the
consumer price index (Mezhov, 2022: 121)

Atthe first stage of building artificial intelligence
models of migration balance for single-industry
towns we took data on migration balance (thousand
people) and factors affecting it from 2013 to 2022
(Bureau of National Statistics):

- Unemployment rate (%).

- Real money income index (in per cent of the
previous year).

- Water supply; sewerage system, control of
waste collection and distribution.

- Dynamics of the number of hospitals (units).

- Dynamics of the number of pre-school
institutions (units).

- Supply of electricity, gas, steam, hot water and
conditioned air.

- Commissioning of residential
(thousand square metres of total area).

- Main indicators of school development in
single-industry towns of the Republic of Kazakhstan.

- Number of colleges in single-industry towns.

- Dynamics of the number of universities.

- Number of organisations (enterprises) carrying
out R&D (units).

- The level of youth unemployment of 15-28
years old (%).

Then a correlation analysis was carried out to
identify the factors that most strongly influence
the migration balance. The results are presented in
Table 1.

buildings

Table 1 — Correlation coefficients

Factor affecting the migration Pearson correlation
balance coefficient value

Unemployment rate -0,75778
Real money income index 0,742508
Water supply; sewerage system,
control over waste collection and 0,51744
distribution
Dynamics of the number of hospitals 0,823862
Dynam}cs gf tbe number of pre- 0.832707
school institutions
Elect_rllcny, gas, steam, hot water and 0711722
conditioned air supply
Comrmssmnmg of residential 0.39744
buildings
Key indicators of school 029512
development
Number of colleges in single- 0428152
industry towns
Dy‘nam¥c.s of the number of 9.54E-17
universities
Number. of R&D organisations 0378317
(enterprises)
Youth unemployment rate 15-28 051174
years old

Note: compiled by the author according to official data of
the Bureau of National Statistics of the Agency for Strategic
Planning and Reforms of the Republic of Kazakhstan when
using correlation analysis

Based on the analysis of the relationship between
the migration balance and the factors affecting it
(Table 1), it can be seen that the strongest impact on
migration in single-industry towns is:

- Unemployment rate.
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- Index of real monetary incomes.

- Dynamics of the number of hospitals.

- Dynamics of the number of pre-school
institutions.

- Supply of electricity, gas, steam, hot water and
conditioned air.
In the second stage, autocorrelation analysis was

performed to identify the trend.

Table 2 — Autocorrelations on the dynamics of the indicator “migration balance”

1 time interval 2 time interval 3 time interval 4 time interval 5 time interval

-0,33 -0,26

-0,45 -0,27

-0,39 -0,29

0,30 0,23

0,20 0,11

0,04 -0,03

-0,41 -0,49

-0,13 -0,38

-0,41 -0,36

-0,42 0,44

0,01 -0,02

-0,38 0,22

-0,47 -0,33

-0,41 -0,39

-0,06 0,16 0,16
0,19 -0,08

0,01 -0,18

-0,01 0,18

-0,04 -0,03

-0,01 0,45

0,06 -0,05 -0,31 0,10
0,17 0,10

Table 2 shows the values of the autocorrelation
coefficients (for example, on time interval 1, the
values of the autocorrelation coefficients between
the current migration balance value and its value
a year ago are presented). Statistically significant
autocorrelation coefficients are highlighted in color.
The calculation of autocorrelation coefficients was
carried out in order to determine on which lags

18

-0,21

Note: compiled by the author according to official data of the Bureau of National Statistics of the Agency for Strategic Planning
and Reforms of the Republic of Kazakhstan when using autocorrelation analysis

there is a trend. As a result of the study, it was
determined that on average there is a steady trend in
3 time interval. Accordingly, it is necessary to build
artificial intelligence models as follows: take 2 years
to train the model, 1 year to test the model. In turn,
the test sample is the closest values to the forecast
period. Experts build a forecast in a similar way.
In addition to trend analysis, they assess the data
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as close as possible to the forecast period in order
to take into account changes in the socio-economic

Table 3 — Clusters

situation (within the study, this is a test sample). Sineleindustry town Distance from the center of
According to the results of autocorrelation analysis, & Y the cluster
we can see that it is reasonable to build models using 1 cluster
data from 2017 to 2022: ‘ . Abay 0,559895
Then cluster analysis was carried out using tree -
clustering and k-means methods to identify data sets Altai 0,232837
for further modelling. Zhanaozen 0,712964
Zhanatas 0,398467
- - Zhezkazgan 0,245847

c 1 Kurchatov 0,164480
C 28 | .

4 Lisakovsk 0,275964
£ Ts | Ridder 0,423842
E:EE 5 |'I | Saran 0,465675
I:&E E Satpayev 0,737099
E T; I—|_ Serebryansk 0,225387

,:1 5 Stepnogorsk 0,402340
c.T9 A Tekeli 0,367825
C-12 ekeli R
E_$ E Khromtau 0,459599
C_14 ¥ Shakhtinsk 0,785444

c 2 2 cluster
c T8 :

Ca Aksai 0,488831
c1 Balkhash 0,649816

=z Karatau 0,390149
E_ﬂ Rudnyi 0,788840

- - : i Temirtau 0,760065

0.0 0.5 1.0 1. 3
cluster
Aksu 0,880354
Figure 3 — Graphical result of tree clustering

Note: compiled by the author according to official data of Arkalyk 0,999928

the Bureau of National Statistics of the Agency for Strategic Zhitikara 0,529747

Planning and Reforms. of the Republi}c of Kazakhstan when Karazhal 0,607448

using tree clustering
Kentau 0,379088
Kulsary 0,564300
Figure 3 shows that it is reasonable to build 3 Ekibastuz 0,424137
or 4 clusters tO_ make tfle Cl]_‘ISterS of high quality for Note: compiled by the author according to official data of
further modelling. Let’s build 3 clusters. the Bureau of National Statistics of the Agency for Strategic
Based on the analysis of Table 3, it can be seen Planning and Reforms of the Republic of Kazakhstan when
that the clusters are obtained qualitatively because | using clustering by the k-means method

the distance from the center of the cluster is less than
1 everywhere.
Then the construction of neural network models
for the corresponding clusters was carried out.
Absolute verification of the models for the first
cluster is presented in Figures 4-6.

The accuracy of the neural network models for
the first cluster is more than 93 per cent.

Absolute verification of the models for the
second cluster is presented in Figures 7-9.
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Figure 4 — Model quality assessment for 1 cluster (retrospective for 2020)
Note: compiled by the author according to official data of the Bureau of National Statistics
of the Agency for Strategic Planning and Reforms of the Republic of Kazakhstan
and the results obtained from the neural network model constructed by the authors of the article
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The accuracy of the neural network models for
the second cluster is more than 95 per cent.
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the third cluster is more than 95 per cent.
The graph of the neural network for the 3rd
cluster is presented in Figure 13.
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Figure 10 — Model quality assessment for Cluster 3 (retrospective to 2020)
Note: compiled by the author according to official data of the Bureau of National Statistics
of the Agency for Strategic Planning and Reforms of the Republic of Kazakhstan
and the results obtained from the neural network model constructed by the authors of the article

300
200
100 single-industry town
] T T T T T T T
-200 = 3 28 31 2 3 2 8 2 2 B 2 B < B
-300 - = - = - = - ~
400
-600
-700
-800
-500
-1000 -~
-1100
-1200
-1300
-1400
-1500
-1600
-1700
-1800
-1900
-2000
2018 year 2019 year 2020 year 2021 year (forecast)
(test)
The actual valug == == == == Theoretical
significance

Figure 11 — Model quality assessment for cluster 3 (retrospective to 2021).
Note: compiled by the author according to official data of the Bureau of National Statistics
of the Agency for Strategic Planning and Reforms of the Republic of Kazakhstan
and the results obtained from the neural network model constructed by the authors of the article
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The forecasts based on the application of A medium-term basic forecast of the migration
neural network models are quite accurate, which  growth balance for single-industry towns for 2024-
confirms the feasibility of using the developed 2026 was built, provided that trends in the dynamics
toolkit. of factor attributes are preserved.

Table 4 — Forecast of migration balance

Monotown 2023 (estimate) (es%i(zlzljte) (figisst) (fozrgigst)
Abay -288 -296 -302 -333
Aksai -636 -706 =791 -854
Aksu -324 -339 -441 -481
Altai -135 -157 -162 -173

Arkalyk -851 -996 -981 -1308

Balkhash -893 -923 -981 -1177

Zhanaozen -0,5 -0,6 -0,7 -1

Zhanatas -543 -573 -622 -678

Zhezkazgan -222 -253 -315 -335

Zhitikara -489 -507 -637 -669

Karazhal -908 914 -925 -995
Karatau -297 -348 -399 -463
Kentau -828 -1028 -1273 -1430
Kulsary -503 -564 -588 -641

Kurchatov -54 -75 -110 -120

Lisakovsk -269 -309 -342 -425
Ridder -254 -285 -343 -369
Rudnyi 270 313 405 417
Saran -75 -85 -100 -120

Satpayev 174 184 205 264
Serebryansk -58 -77 -89 -100
Stepnogorsk 15 18 18 19

Tekeli -0,26 -0,29 -0,49 -0,54

Temirtau -604 =780 -925 -986

Khromtau -246 -283 -324 -366

Shakhtinsk -273 -302 -333 -371

Ekibastuz -1340 -1384 -1424 -1592

Note: compiled by the authors based on the results obtained from the neural network models built by the authors
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Based on the analysis of Table 4, it can be
seen that almost all single-industry towns are
experiencing migration loss. To change the situation,
it is necessary to implement effective economic,
social, and other measures to reduce the migration
loss of the population.

An increase is needed the level of wages,
developing public-private partnerships, improving
the business climate, and creating special
preferential lending programmes for small and
medium-sized businesses. These measures are the
basis of a stimulating regional policy that leads to
the emergence of “growth zones”.

Social measures include measures of social
support of citizens, maintaining a sufficient level of
social attractiveness of territories. This is possible
through the development of the school and pre-
school education system, provision of affordable and
qualified medical care, etc. These measures are the
basis of compensatory policy. These measures are
the basis of the compensatory policy (Mishchenko,
2024:81).

Infrastructural measures are among the key
ones. They include the availability of necessary
engineering and transport infrastructure.

Since the majority of single-industry towns in
Kazakhstan are based on mining and processing
specialisation, it is important to monitor the
application of a system of measures to support
environmental safety in these territories.

It is also necessary to use measures of territorial
marketing, creation of a positive image of the
city. Such measures include assessment of the
attractiveness of a single-industry town, ranking
model of competitive advantages, opportunities and
ways of their realization, a real image of a single-
industry town should be created by forming a
desirable image (Akhmetova, 2023: 96).

According to the analysis conducted and taking
into account the limited financial resources allocated
for the implementation of regional policy, we
propose the following. For single-industry towns of
the first cluster it is proposed to pursue a stimulating
policy. This group of territories is characterized by a
more stable migration situation. Thus, in the single-
industry towns Rudnyi, Satpayev, Stepnogorsk
migration growth is forecasted. These cities may
become stronghold settlements. In order to maintain
migration growth in these cities it is necessary to
accelerate their development, which will be an
impetus for the development of the regions in which
they are located.

For the 2nd cluster we propose the use of
compensatory measures to smooth the level of socio-

26

economic development and create more favorable
conditions for living in them.

The situation with single-industry towns of
cluster 3 is the most difficult. We propose to use the
shift method of work organization for this cluster.
This will attract additional labor force and allow for
a more rational regional policy on the distribution of
limited financial resources.

As for infrastructural and environmental
measures, they should be implemented in all single-
industry towns of the Republic of Kazakhstan as
basic.

The developed toolkit can be applied not only for
the purposes of forecasting, but also for the purposes
of assessing the effectiveness of management
decisions, in particular, when implementing
evidence-based policy for the development of
single-industry towns.

By influencing the factors it is possible to
assess how migration in single-industry towns will
change. Thus, using the toolkit, it is possible to
determine how and by how much the factors need
to be influenced in order for the migration balance
to change by a certain number of per cent. This is
important for the development of strategies, budgets
and other development plans.

Accordingly, using the toolkit developed in
the framework of the research, it is possible to
create conservative (based on the assumption of
unfavorable environmental situation, significant
deterioration of external economic conditions,
accelerating inflation, rising cost of financial
resources), basic (assuming moderate development
of'the social sphere, economy and infrastructure) and
target scenarios (assuming accelerated development
of the social sphere, economy and infrastructure) of
single-industry towns’ development and carry out
quantitative assessment

The use of the toolkit will lead to the
interconnection (balancing) of indicators in the
development of single-industry towns’ development
strategies.

Also on the basis of the toolkit it is possible to
assess the effectiveness of management decisions
aimed at the development of single-industry towns,
which in turn will lead to optimization of budget
expenditure allocation.

In order to accelerate the development of single-
industry towns, it is necessary to priorities the
factors that have a significant impact on migration.

It is for these single-industry towns it is advisable
to develop plans for their long-term development.
It is advisable to create special economic zones
in single-industry towns, develop infrastructure,
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including through the provision of infrastructure
budget loans. This will have a positive impact on
the growth of real incomes of citizens, reduction
of unemployment. In turn, these factors have a
maximum impact on the dynamics of migration.

Agglomeration processes in our time are a
natural process. Accordingly, priority attention
should be given to support single-industry towns
with a high concentration of production, educational
institutions and scientific organizations. In turn, this
will contribute to the innovative development of the
economy, growth of employment and income of
citizens.

Conclusion

Based on the above, the following conclusions
can be drawn:

- Firstly, the factors that have the strongest
impact on migration in single-industry towns have
been identified. These are unemployment rate, real
money income index, dynamics of the number of
hospitals, dynamics of the number of pre-school
institutions, supply of electricity, gas, steam, hot
water and conditioned air;

- secondly, a methodological approach for
building a forecast of migration balance in single-
industry towns was developed. The characteristics
of the approach developed in the framework of the
research are: building models that conceptually
work in a similar way as the expert who develops
the forecast, using only adaptive algorithms for
building neural network models;

- Thirdly, a toolkit for building a forecast of
migration balances in single-industry towns has
been developed. The constructed models are very
accurate. For some models the accuracy reaches 98
per cent;

- Fourthly, the developed toolkit was tested in
the management of socio-economic development
of single-industry towns. It was determined that
migration growth is forecasted in the single-industry
towns Rudnyi, Satpayev, Stepnogorsk. These cities
will probably become stronghold settlements. Inorder
to maintain the migration growth in these cities it is
necessary to accelerate development. By influencing
the factors it is possible to estimate how migration in
single-industry towns will change. Thus, using the
toolkit, it is possible to determine how and by how
much the factors need to be influenced in order for
the migration balance to change by a certain number
of per cent. This is important for the development of
strategies, budgets and other development plans. In
general, the development of single-industry towns
requires prioritising factors that have a significant
impact on migration.
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