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Abstract

This dissertation presents the results of the analysis of state housing programs
for citizens of the Republic of Kazakhstan. The main parameters and requirements
for making decisions on the housing issues were analyzed in the framework of
compliance with the state requirements. As a result of the analysis, a table was
developed that includes the main criteria and requirements for the state program,
which serves to determine the number of steps and opportunities for obtaining
housing in the Republic of Kazakhstan. These analysis results determine the
requirements criteria for constructing a mathematical model and assessing the
obtaining housing under the state program, depending on the time and steps for

implementing the demand of state programs.

The first chapter is [Introduction| chapter. Where we describe in detail, the

current situation in the housing market and the main problems faced by those

in need of housing. Chapter 2 is |Preliminaries. Here we briefly described the

problem that needs to be solved.

In chapter [3] statistics on the provision of housing for citizens of the Republic
of Kazakhstan were reviewed. The ratios between the number of new apartments
commissioned and the newlyweds by the family are calculated. As well as the re-
lationship between new apartments and demographic growth. The types of social
security programs of other countries are considered. In chapter [d], we analyzed the
main state housing programs in the Republic of Kazakhstan. All conditions of
state and market mortgage lending programs are described. When studying the
housing market of the republic, mortgage programs for the acquisition of hous-
ing and rental of housing were highlighted. In chapter [, discussed the results
of a study to build a mathematical model to calculate the effectiveness of gov-
ernment programs. The basic parameters of constructing a mathematical model
of housing acquisition are described. A mathematical model for the acquisition
of housing under existing programs in the Republic of Kazakhstan has been de-
veloped. Considered 8 ways to purchase housing. The mathematical model is
developed separately for each program. And in chapter [6, we conclude our con-
clusion. Briefly outlined is the work on the synthesis of housing processes for
the main steps. And also it is written about the work done on the analysis of
convergence, the identity of processes and operations. The area of use of the

mathematical model is described.
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Annarmoa

By xxymbicta Kazakcran Peciiybsmmkachl azamMaTTapbiHa apHAJIFaH TYPPbIH Vil
barapJsiaMaJapbia TaJiay HOTHKeIepl kopceTiaren. Typruin yit Mmoceseci 60ibIH-
ma IeniM KadbLgay MaKcaTbIHJ/a MEMJIEKETTIK TaJjallTapra CoWKec KypbLIraH
mapTTap MeH HeTi3rl mapameT/ep TajjiaHajbl. lajjay Herisinge MeMJIEKeTTiK
OargapJaMaJap/iblH Heri3ri Kpurepuiepi MeH IapTTapbl KOPCETIINeH KecTe »Ka-
cayibl. By kecre Kazakcran Pecnybimkachinja Oacriana asryJibIH MYyMKIHTIK-
Tepi MeH Herisri KaJlaMJIapbiH aHbIKTayra OarbITTaJral. by tajagay HoTHzKerepi
MaTeMaTUKAJbIK MOJIe/Ib KypyFa KOMBLIATHIH TaJallTap/iblH, ©JIeMIH aHbIKTall-
Jibl. COHBIMEH KaTap MEeMJIEKeTTIK OarjapJjama HerisiHje TYprblH Yil aay Oapbl-
chIHJIa OargapJaMaJsiap/iblH HEeri3ri MmapTTapblH OPbIHIAYFa YKYMCAJATHIH YaKbIT
el oTyre MIHJIETTI KaJaMJIap/blH, Heri3ri KpUTepuiepiH aHbIKTaiiabl. bBipinmi
Tapay - Kipicie Tapay. Mynia 6i3 TyprbIH Yil HApbIFBIHBIH arfbIMIAFbl »KarJaiibIH
JKOHE TYPFBIH yilre MyKTaK ajlaMjiap Tall OoJIaThIH HErisri mMocesesepil erkefi-
Ter:Keilii cunarTaiTeiH OosaMbl3. 2 Tapay — bacrankbl akmapar. Myna 6i3 1ie-
Iyl KepeK MoceseHl KbICKallla CUIlaTTaIbIK. 3-Tapayia Kasakcran Pecriy0.in-
KACBIHBIH, a3aMaTTapblH TYPFbIH YiMeH KaMTaMachbl3 eTy TypaJibl CTaTUCTUKA-
JIBIK MOJIIMETTED KapacThIPhLLALL. [laiigaianyra OepiireH »kKaHa MoTepJep CaHbI
MeH KaHa VilJIeHreHiep CaHbIHBbIH apakaThiHackl ecenresie/i. Conmaii-ak, maiiia-
JlaHyFa OepljieTiH »KaHa IoTepJiep CaHbl MEH JieMOrpadUsIbIK OCIMHIH apaKkaTbl-
HaChl ecrTesill. Backa ejiep/in oeyMeTTiK KaMChI3[IaHIbIpy Oaraap/iaMaJiapbl-
HBIH TYpJepl KapacThIpblLiajibl. 4-Tapayaa 613 Kazaxcran Pecrybimkachiiiarst
TYPFBIH Vil KYPBIIBICHIHBIH HETI3TT MeMJIEKETTIK Oarjiap/iaMajiapbiHa Tajiay »Ka-
caJibIK. MmoTeKasbik Hecue Oepy/iiH MEMJIEKETTIK »KOHE HapbIKTHIK, OaraapJiaMa-
JIAPBIHBIH OapJIbIK IapTTapbl CUIIATTAJIIbl. PeciryO/InKaHbIH TYPFbIH Vil HAPbIFBIH
3epjesiey KesiHjie 1oTep aJy »KoHe TYPrbIH Vil »kajra Oepy OOMbIHIIA HIIOTeKa-
JIBIK OarjapJaMajap KapacThIPhLITaH. b-Tapay/a MeMJIEKeTTIK OaraapsamaJiap-
JIBIH, THIMJILIITIH ecenTey YIIH MaTeMaTHKaJblK MOJe/Ib Kypy OOfiblHINa 3epTTey
HOTHU KE/Iepl KapacThIPhLIaAbl. TYPrblH Vil caThIl ajIy/IbliH, MaTeMaTUKAJIbIK MO-
JIeJIIH KYPY/IbIH Herisri nmapamerpJiepi cunartasibl. Kaszakcran PecriyOmkachinia
arbIMJIarbl Oaraap/aMasap OONBIHINA TYPFBIH Vii CATBINT aJTyIbIH MaTeMaTUKAJIbIK
MOJIeJTl YKaca bl TYPrBIH Vil caThIT aTyabiH, 8 9Iici KapacThIPhLIALI. MaTremaTn-
KaJIbIK, MO/JIEJIb Op DarmapJ/iama yIiiH 0eJ1eK Kacasa bl. Al 6-Tapay/ia KOPbIThIH b

JKacasabl. bysr Tapay/ia Herisri Kesenjep/aeri TYprblH Yil TpoIecTepin CUHTe3/ey

3



JKYMBICTapbl KbicKalla OasHasran. COHbIMEH KaTap IPOIEeCTep MeH olepalli-
sLIAP/IBIH, COMKECTINH TaJjjiay OOMbIHINA aTKAPBLIFAH *KYMBICTAp TYpPaJibl YKa3bl-
JraH. MareMaTnKaaIbIK MOJETb/I KOJIJIaHy aliMarbl CUTIATTAIFaH.

Tyitingi cesjep: TYPFBIH Yil; MEMJIGKETTIK Oarjap/iamasiap; TYPFbIH YiiMeH

KaMTaMacCbI3 €Ty, MaTEeMaTUKaJIbIK MOJICJIb



AnHoranuga

B nanHOIl guccepTalOHHON paboTe IpejcTaBIeHbl Pe3yJIbTaThl aHAJI3a, ['0-
CYJIAPCTBEHHBIX KUJIUIIHBIX TporpamMm Juid rpazkjian Pecnyonukn Kazaxcran.
OcHoBHBIE TTapaMeTpbl U TPeOOBaHUs Il IPUHATUST PEIICHUN 110 »KUJIUIIHBIM
BOIIpOcaM OBLIM ITPOAHAJM3UPOBAHbl B paMKaX COOTBETCTBHUs T'OCY/IapCTBEHHBIM
TpedoBaHusIM. B pe3yiibrare aHasmza Oblia pazpaboTaHa Tad/INIA, BKIOYAOIA
OCHOBHbBIE KpUTEpHH U TpeboBaHUs K I'OCYIapCTBEHHOI IIporpaMMe, KOTopasi CJ1y-
JKUT JIJIst ONIpeJIeIeHIs KOJIMUECTBa I1aroB U BO3MOXKHOCTEN IOy YeHUsT YKIUJIbs B
Pecnybiinke Kazaxcran. 9t pesysibraThl aHAIN3a OIPEIsISIIOT KPUTePHn Tpedo-
BaHUIi JIJIs IOCTPOEHUsT MaTeMaTHICCKON MOJIE/IM W OLEHKH ITOJIyUeHUs »KIJIbsl B
paMKax rocyIapCTBEeHHOI IIpOrpaMMbl B 3aBUCUMOCTH OT BPEMEHU U STAIOB pea-
JIM3anuy TpeboBaHmii rocyIapcTBEHHBIX TTporpaMM. [lepBas riaBa - 9T0 BBeJICHUE.
['ie MbI 110JJpOOHO OIUCHIBAEM, TEKYIIYIO CUTYAIMIO HA PHIHKE YKUJIbsl I OCHOBHbBIE
IPO0JIEMBI, ¢ KOTOPBIMHU CTAJIKUBAIOTCS T€, KTO HY>K/IaeTcs B »KuJibe. [J1aBa 2 - 31o
IpeJIBApUTEIbHOE PACCMOTPEHNE CYIeCTBYIONIEH 3a/adi. 31eCh Mbl KPATKO OIIH-
caJi 1IpodJieMy, KOTOPYIO HeoOXouMo pemnnTb. B IUase 3| ObLim paccMOTpEHbI
CTATUCTUIECKIE JAHHbIE O TPEJOCTABJICHUHN YKUJIbs JIJId Tpakjan Pecrybymkn
Kazaxcran. PaccauTanbl COOTHOIIEHUsT MEXK/Iy KOJUYIECTBOM BBEICHHBIX B 9KC-
ILIyaTalllio0 HOBBIX KBAPTUD U KOJIMIECTBOM MOJIOJIOYKEHOB. A TaKKe COOTHOIIIEHIE
MEXK]1y KOJIMIECTBOM CAAHHBIX B 9KCILIyaTallli0 HOBBIX KBAPTHUP U jJeMorpadude-
CKUM POCTOM. PaccMoTpeHbl BIJIBI IIPOrPaAMM COLMAIBHOIO OOeCIIeYeHns APYTIUX
crpan. B rirase {4] Mbl npoaHam3upoBa/ OCHOBHBIE MOCY/IaPCTBEHHbBIE YKUTUIITHBIE
nporpammbl B Pecriybsinke Kazaxcran. Onucans Bee ycjioBUs TOCYIaPCTBEHHBIX 1
PBIHOYHBIX ITPOrpaMM HMIIOTEYHOrO KpeuToBaHusd. [Ipn n3ydeHnn pblHKa KUJIbs
peciyOyIinK ObLIN BbIJI€JIEHBI UIIOTEYHBIE IIPOIPAMMBI 110 PUOOPETEHUIO YKUJIbs
1 apeH/ie »Kujibgd. B riase [5| paccMOTpeHbl pe3y/ibTaThbl NCCAEOBAHMS 110 IIOCTPO-
CHUIO MaTeMaTHIeCKONl Mojesn Jijisd pacdeTa 3hMOEKTUBHOCTH T'OCY/IaPCTBEHHBIX
rporpamm. O1caHbl OCHOBHBIE ITapaMeTPhbl IOCTPOCHUST MAaTeMaTHIeCKO MOoJie-
JIN IpuobpeTeHnst »KMJibsi. Pazpadborana Maremarndeckasi MoJIe/Ib IPHOOPETEHUsT
JKIIbsI 110 JeficTByromuM mporpaMmaM B PecnyOsmmke Kazaxcran. Pacecmorpeno
8 crmocoboB npuobpeTenns Kuiabd. MaremaTndeckas MoJe/b paspadaThIBAETCA
OTJIEBHO Jiist Kazk ot mporpammbl. I B mrase [6] Mbl poBogum urtoru. B sroii
rJlaBe KpaTKO HM3JI0KeHa PadoTa 10 CUHTE3Y JKUJIMIIHBIX IPOIECCOB 0 OCHOB-

HBIM STaraM. A Tak»Ke HaAIIICAHO O IPOJIEIaHHON paboTe 110 aHAIN3Y CXOIIMOCTI,
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uJIeHTUUKAINN [IPoIeccoB n onepamuu. Omnucana 001aCThb UCIOJIL30BAHIS MaTe-
MaTHYECKOIl MOJIEJIN.
KirogeBble cjioBa: »KIJIbe; TOCYIapCTBEHHbIE IIPOIPAMMBbI; 00eCIIeYeHHOCTh XK1~

JIbEM; MaTeMaThu4deCcKad MOIE/Ib.
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Nomenclature

CIS Commonwealth of Independent States

ECE Economic Commission for Europe

Government for Citizens NJSC State Corporation "Government for Citizens"
HCSBK "House Construction Savings Bank of Kazakhstan” JSC

KMC JSC “MO” Kazakhstan Mortgage Company”

KZT Kazakhstan tenge

LEA Local executive authorities

MCI monthly calculation indicator

OECD Organization for Economic Cooperation and Development

UN  United Nations
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1. Introduction

1.1 Motivation

The housing problem is the most important among other socio-economic problems
of any republic, since important socio-economic interrelations intertwine in it.

The process of Kazakhstan’s entry into 30 developed countries of the world
is directly related to the formation of a modern housing infrastructure, providing
every citizen of Kazakhstan with housing.

The acquisition of your own home is one of the most important issues in the
life of every person. Own apartment, house is not just a guarantee of stability
and tranquility, it is primarily a foundation for creating a family.

The acquisition of your own home is one of the most important issues in the
life of every person. Own apartment, house is not just a guarantee of stability
and tranquility, it is primarily a foundation for creating a family.

For the formation and development of human capital, an effective housing
policy of the state is needed.

There are various models for providing social housing. The models for the
distribution of social housing by the Economic Commission for Europe (ECE) are
divided into three groups:

1. universal model (social housing is available to the entire population; regis-
tration on the waiting list for social housing is required);

2. general model (social housing is distributed among vulnerable households,
special groups of the population and households below a certain income threshold);

3. residual model (social housing is provided to vulnerable households, special
groups, for example, refugees, asylum seekers, people with disabilities, people
with mental retardation, etc.) [40]. A universal distribution model was developed

to provide decent and affordable housing for the entire population, regardless of
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income [13].

Under the “universal” system, it is believed that the housing stock is man-
aged by the state and provided either through municipal housing companies (for
example, in Sweden and Denmark) or through non-profit organizations (in the
Netherlands and Denmark) [40]. In 2007, three countries used this system: Den-
mark, Sweden and the Netherlands. As part of a universal system, social housing
is provided very generously compared to other distribution models.

However, over the past 10 years, the views of some states have changed. Since,
as a result of applying state support for social housing, competition is created with
owners of commercial real estate.

The member states of the Euro Union have chosen different solutions to this
problem. Sweden excluded social housing from the category of services of general
economic importance, and switched to a market model without the provision of
state assistance. In the Netherlands, new restrictions on lower income levels for
social housing have been introduced. The general trend is the sale of part of
the fund and the transition to a commercial model for entities providing social
housing (for example, in Sweden) [15].

Within the framework of the general distribution model, it is assumed that
the goals of housing policy will be overwhelmingly realized at the expense of the
market. Social housing is intended only for those households for whom the market
is not able to provide decent quality housing at affordable prices. In this model,
the percentage of social housing as part of the housing system ranges from 0 to
19 percent.

Social housing of a general type is distributed by the providing entity on the
basis of a special set of rules and procedures based on the priority criterion based
on the ceiling of income. The rental price has a fixed ceiling, and households
receive income-based compensation for housing costs that cover part of their rent
[40].

The role of the European Commission in the field of housing is to ensure that
competition rules are respected. In particular, government subsidies allocated for
social purposes should be used precisely for these purposes, and not for financial
or commercial activities.

A UNECE study concludes that most transition economies that have intro-

duced social housing policies have used a targeted distribution model since the
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1990s. In general, there is a shift towards the residual model. In Europe, the
trend towards a residual model is observed in Germany, Belgium, Italy, Luxem-
bourg and Poland [40].

The main causes can be classified as follows:

- residual security due to a significant reduction in funding and due to insti-
tutional changes;

- residual security due to high demand for social housing;

- residual security due to the fact that the new social housing policy is at an
early stage of implementation, as well as due to limited funding.

The residual approach is aimed at distributing housing to a limited category
of beneficiaries, usually the most vulnerable households, which are heavily depen-
dent on state benefits (for example, unemployed, disabled, elderly people, single
parents, etc.). In the European Union, social housing for the most vulnerable
segments of the population, as a rule, is based on the rigid distribution of this
type of housing by local authorities based on needs [40)].

In the European Union, rents are calculated on the basis of costs or set based
on income levels. A cost-based system is not used in the UK, Ireland or the USA.

Although there are many different definitions of social housing and models,
social housing in the UNECE region is increasingly shifting towards the provision
of social housing on a “residual” basis. On the western borders of the region, an
increase in the share of own housing was achieved by providing relatively easy
access to mortgages. In the eastern parts, high rates of home ownership were
obtained through privatization of state-owned housing stock. In countries with
a developed social housing sector, there was a tendency to reduce social housing
stock due to restrictions on construction, sale of the fund to existing residents, as
well as demolition [40].

Social housing in Kazakhstan is included in the municipal (state) housing
fund, and the right to receive it is not always due to the low level of household
income. The number of people applying for public housing, including those with
relatively high incomes, is growing; As of 2018, 473,019 waiting lists for housing
were registered in the lists of regional executive bodies (akimats), of which 265,053
were socially vulnerable (including orphans and participants in the Great Patriotic
War). Current international practice shows that the 2008 economic crisis made

housing inaccessible to many poor and middle-class households.
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The housing policy of Kazakhstan is aimed at creating conditions conducive to
providing the population with affordable housing. Housing construction is one of
the priority areas of the Kazakhstan Development Strategy for Kazakhstan until
2030.

However, situation with the provision of housing to the population of Kaza-
khstan remains low not only against the global background, but also in comparison
with the Commonwealth of Independent States (CIS) countries. In accordance
with United Nations (UN) international standards, the required norm of the total
area of housing, which should be per person, should be 30 square meters, which
is significantly higher than the current value in Kazakhstan at the level of 21.6
square meters [2].

Social housing in Kazakhstan is included in the municipal (state) housing
fund, and the right to receive it is not always due to the low level of household
income. The number of people applying for public housing, including those with
relatively high incomes, is growing; As of 2018, 473 019 waiting lists for housing
were registered in the lists of regional executive authorities (akimats), of which
265 053 were socially vulnerable (including orphans and participants in the Great
Patriotic War). Current international practice shows that the 2008 economic crisis
made housing inaccessible to many poor and middle-class households [39).

The importance of housing policy and lack of housing are reflected in govern-
ment programs and official documents of Kazakhstan. The President of Kaza-
khstan, Kassym-Zhomart Tokayev, on September 2, 2019, in his the Nation Ad-
dress, instructed to create a Unified Model for Housing Construction and a Unified
National Accounting System for waiting lists for rental housing. He also ordered
to resolve the issue of providing housing for large families with low-income families
and allocated three years for this. This is about 30 thousand people. [55].

However, some experts believe that in such a short time it is not possible to
resolve issues of providing housing. For example, the head of the Union of Builders
of Kazakhstan T. Ergaliev said that said that design and estimate documentation
takes from a year to a year and a half. In addition, it is necessary to allocate
land, prepare design documents and reserve money. Within three years, the state
may not have time to provide housing for large and low-income families. Even if
there is finances, there are land plots and there are projects, it is not possible to

build housing in three years, because there is no implementation mechanism [9].
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In order to ensure affordable housing for the population of Kazakhstan, the
government develops state housing programs, as well as financial support pro-
grams for low-income citizens.

Currently, in Kazakhstan, the mechanism for the implementation of housing
policy is represented by such tools as: the line for improving housing condi-
tions; housing subsidies for people on the waiting list; the provision of housing
to privileged categories of citizens; mortgage credit lending; housing and savings
programs; public private partnership.

However, these tools have not yet been fully utilized and their use in practice
still raises many questions, from which the problem field of the “real” housing
policy is gradually being formed, which is increasingly going beyond the problems
of social housing itself.

To address the issue of housing acquisition, especially when choosing the right
program, an adequate analysis of existing housing programs is of utmost impor-
tance. To select a suitable housing program for the acquisition of housing, it is
necessary to analyze all the criteria and requirements of the program.

Several state and market programs have been considered in order to determine
the main stages of housing. To get housing under a certain program, it is necessary
to go through several stages, spending time on this. And also for the transition
to the next stage, it is necessary to fulfill the requirements of the program.

As a result of the work done, tables of the main criteria and requirements of
housing programs have been compiled.

Studying all the steps and time to fulfill the basic requirements, each program
was divided into several processes and subprocesses. These analysis results will
help determine the criteria for the construction of a mathematical model and the

assessment of housing under the state program.

1.2 Aims and Objectives

This dissertation is devoted to the construction of a mathematical model to de-
termine the effectiveness of housing programs.

The state housing policy of Kazakhstan is implemented through state housing
programs. Since 2005, several state programs aimed at housing construction have

been adopted in the Republic.
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As a result of the analysis of existing programs, the priorities of the state
housing policy of Kazakhstan are changing. For example, when assessing the
purchasing power of the population in 2011, it was found that out of 8.4 million
people of the economically active population, more than 6 million working citizens
cannot buy housing on market conditions, the priority of housing policy has been
to increase the availability of housing for citizens middle and lower than average
incomes through the construction of rental housing and housing for participants
in the housing construction savings system [39).

However, to determine the effectiveness of government housing programs, it is
necessary to create a mathematical model. Which will provide transparency and
understanding of all the processes associated with housing, that is, the processes
of implementing state programs.

Before implementing any state programs, it is necessary to calculate and deter-
mine in advance for which categories of the population this program is designed.
Will low-income citizens and large families be able to make an initial contribu-
tion? What should be the level of income? Calculate the approximate number of
citizens who purchase housing. Such questions can be solved by constructing a
mathematical model.

Software developers based on a mathematical model can write a program
that will ensure transparency and accessibility of implemented programs. Will
determine the status or category of the applicant for housing. Thus, the buyer
will be able to determine in advance the type of program and the time required
to go through the stages of obtaining housing.

In addition, the mathematical model will help to optimize the work of contact
centers, reduce the number of calls to bank branches. Thus, it helps optimize the

work of front office employees.

1.3 Thesis Outline

The first chapter is|Introduction|chapter. Where we describe in detail, the current

situation in the housing market and the main problems faced by those in need of

housing. Chapter 2 is [Preliminaries. Here we briefly described the problem that

needs to be solved.

In chapter [3] statistics on the provision of housing for citizens of the Republic
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of Kazakhstan were reviewed. The ratios between the number of new apartments
put into operation by the number of newlyweds are calculated. As well as the
ratio between the number of new apartments commissioned and demographic
growth. The types of social security programs of other countries are considered.
In chapter [, we analyzed the main state housing programs in the Republic of
Kazakhstan. All conditions of state and market mortgage lending programs are
described. When studying the housing market of the republic, mortgage programs
for the acquisition of housing and rental of housing were highlighted. In chapter
B, methods for constructing a mathematical model are discussed. Showing math-
ematical models of the acquisition of housing. The mathematical model is built
for 8 types of different ways of acquiring housing. And in chapter [, we conclude

our conclusion.

1.4 Background of Literature Review

Housing problems require an immediate solution and universal effort because of
their widespread and important for social stability. Housing shortages and the
importance of housing policies are addressed in government programs and official
documents of Kazakhstan.

Political and economic problems of the housing sector and housing reform were
investigated in the works of domestic and foreign scientists.

Many authors from different countries devote articles on solving housing prob-
lems, which describe the designing of a shelter policy, the organization of the hous-
ing finance market, the introduction of fiscal incentives, increased public invest-
ment in detail Mahadeva M. [33], Kulumbetova L.B. [31], Xin Lia [32], Kleinhansa
R. [32], Lii Junhua [27].

Peculiarities of the investment process in residential real estate are considered
by such scientists as W. Eucken [17], N. Ordway [19], D. Friedman [19|, L. Erhard
[16]. Issues of the functioning of the economy of the housing sector as part of the
market system are investigated in the works of N.B. Kosareva [57], A.S. Puzanov
[57], G. Polyakovsky [49].

The issues of social housing and the involvement of non-governmental non-
profit organizations in solving housing problems were studied in the works of D.
Clapham [10], H. Cope [12], M. McDermont [37], P. Malpass [34] A. March [36].
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In addition, various aspects of the housing sector and the policies of Kaza-
khstan were considered in the works of A. Bisenova [7], M. Gentail [20], R.A.
Dodder [71], G.E. Zaynullina [71], G.Zh. Zainullina [71], E. Maltseva [35], T.
Tammaru [20], D. Sharipova [59).

The relevance of housing in the Republic of Kazakhstan is due to the growth
of the economy, the level of welfare of the population and its desire to improve
housing conditions. The problem of housing is certainly the most relevant among
the population. There are many who wish to improve their living conditions. A
wide range of services is open before them, it remains only to choose what is
acceptable for each according to their individual capabilities SHalbolova, U.ZH.
[58].

Significantly less interesting and relevant materials are devoted to studying the
issue of the effectiveness of state programs themselves, and in those works that
have nevertheless been published on this topic Volosov A.l. [70], Pirogova E.V.
[48], Vladimirov S.A. [68], Volosov A.I. [69], the main emphasis is on the analysis
of government spending exclusively as investments, which inherently involve direct
or indirect economic benefit of the state, which cannot be, as noted above, the
main goal of state programs on accessibility for ordinary citizens.

Mortgages are not available to many citizens. Moreover, the desire of the
majority of the population to improve their living conditions is relevant, therefore,
the construction of public housing is the main direction of the housing policy of
the Republic of Kazakhstan Kassenova G. E. [28], Ismailov T. [26].

Housing affordability is covered in many articles.
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2. Preliminaries

In accordance with the Law on Housing Relations (section 67 and 68), dwellings
from a communal housing stock or dwellings rented by a local executive body in
a private housing stock are provided for use to citizens in need of housing in the
following categories [62]:

1. Disabled people and participants in the Great Patriotic War.

2. Orphans, children without parental care.

3. Socially vulnerable groups of citizens:

- persons equated with disabilities and participants in the Great Patriotic War;

- disabled people of groups 1 and 2;

- families with or raising children with disabilities;

- persons suffering from severe forms of certain chronic diseases;

- retirees by age;

- oralmans (ethnic Kazakhs who arrived in the Republic of Kazakhstan for
permanent residence in their historical homeland);

- persons who have lost their homes as a result of environmental disasters,
natural and man-made emergencies;

- large families (a family with four or more children);

-single-parent families.

Social housing is provided to persons from this group provided that their total
average monthly income for the last twelve months before applying for housing
for each family member is lower than the 3.1 times living wage established for the
corresponding fiscal year by the law on the republican budget.

4. Civil servants, employees of budgetary organizations, military personnel,
candidates for astronauts, astronauts, employees of special state bodies and per-
sons holding public elected posts (the housing provided to such citizens from the

communal housing fund is equivalent to official housing).
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5. Citizens of the Republic of Kazakhstan, whose only dwelling is recognized
as emergency in the manner prescribed by the legislation of the Republic of Kaza-
khstan (such citizens, upon receipt of housing from the communal housing stock,
transfer the emergency housing available on the right of ownership to communal
ownership).

In order to ensure targeted support and efficient use of public funds, in 2019,
the service software product “Unified Republican Electronic Database of Waiting
Queues” was put into commercial operation [43].

Housing issues of citizens is a priority for the state. Through the mechanisms
of existing programs, the state plans to provide housing for citizens of Kazakhstan
with different income levels.

Today, there are various ways to purchase housing. To calculate the effective-
ness of existing programs, it is necessary to develop a mathematical model that
will ensure transparency and understanding of all processes related to housing,

that is, processes for the implementation of government programs.
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3. Analysis of the real estate
market

The construction of affordable housing plays a large role in the real estate market.
On it you can determine the level of development of society and its productivity.
The provision of housing to the population and its accessibility affect the standard
of living, fertility, and economic culture. Today, the policy in the field of housing
affordability in Kazakhstan is a priority. At the present stage, the regional policy
of Kazakhstan is designed to ensure the formation of a rational territorial organi-
zation, which includes the promotion of urbanization processes and the controlled
development of agglomerations, which are the most important points of economic
growth of the national economy, development and support of promising localities
with economic and demographic potential.

Urbanization today is one of the main trends in the development of the world,
now the population of cities has exceeded the number of people living in rural
areas [64].

In developed countries, three quarters of the population lives in cities: in the
UK, the level of urbanization reaches 82.3%, in the USA - 81.4%, in France -
79.3%, in Germany - 75.1%. According to UN forecasts, by 2050, 6.2 billion
people will live in cities, which will be 66% of the total population of the earth.

3.1 Housing statistics in the Republic of Kaza-
khstan

At present, Kazakhstan has a large number of socially significant problems that
require urgent solutions, one of which is providing the population with housing.

The provision of housing in Kazakhstan has increased since 2008 by 21 per cent
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Figure 3.1: Provision of housing for one resident in the regions for 2018 (sq.m).

and amounted to 21.9 square meters. meters per person by 2018 [25]. According
to the developed social standards of the United Nations, at least 30 sq.m.(see
Figure , Figure .

Housing conditions are one of the main elements of human life. Housing is not
only four walls and a roof, it should be a place for sleep and relaxation, where
people feel safe, have their own personal space. The number of rooms in the
house, divided by the number of people living in it, determines whether people
live in cramped conditions. Inadequacy of a square meter can adversely affect the
physical and mental health of a person, relationships with other people and the
development of children.

The Organization for Economic Cooperation and Development (hereinafter -
OECD) provides data on developed countries where you can see how many rooms
are available per person: in Russia, Turkey and Mexico (1 room each), Canada
(2.6 rooms), and the UK (1.9 rooms), in Germany (1.8 rooms) and high rates are
New Zealand and the USA (2.4 rooms each) [47].

To solve the problem of improving the housing problem, it is necessary to take
into account the experience of foreign countries. The experience of developed
countries shows that for moderate periods (throughout the life cycle of one gener-
ation), construction activity should be about 1 square meters per inhabitant per
year. For example, during the intensive solution of the housing problem in Japan,

0.9 - 1 square meter of housing per person was built annually, in the USA - 0.7 -
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Figure 3.2: Provision of housing for one resident of cities of republican significance
in 2018 (sq.m).

Country Population (people) Housing (sq.m)
China 1392 730 000 32
USA 323127 513 69.7
Russia 146 780 700 234
Germany 82 792 351 39
Great Britain 66 273 576 70
Poland 37976 687 25

Figure 3.3: Population and housing per person in some developed countries.

0.8 square meters, in France and Germany - about 0.7 square meters. China has
long supported building activity at the level of 1 square meters per person [41].

Demographic data. A stable positive trend is maintained in demographic
indicators, the population of Kazakhstan as of December 1, 2019 amounted to
18611.1 thousand people, including urban - 10875.7 thousand people (58.4 %),
rural - 7735.4 thousand people (41.6%) . Compared to December 1, 2018, the
population increased by 234.9 thousand people or 1.3 %. For the period under
review, the largest overall increase was observed in 3 regions of the country: Nur-
Sultan (61.7 thousand people), Almaty (57.8 thousand people) and Turkestan
region (38.4 thousand people).

Incomes of the population and the cost of living. The average per
capita nominal cash income of the population as estimated in October 2019
amounted to 106,001 tenge, which is 5.6% higher than in October 2018, real

cash income for the specified period increased by 0.1%.
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In the sectoral structure, the highest nominal wages were noted in mining and
quarrying - 428.3 thousand tenge (2.1 times higher than the national average), in
financial and insurance activities - 402.5 thousand tenge (2.0 times), in the field of
professional, scientific and technical activities - 373.4 thousand tenge (1.8 times),
in the field of information and communication - 278.0 thousand tenge (1.4 times)
[61].

The lowest level of nominal wages was noted in agriculture, forestry and fish-
eries - 127.3 thousand tenge, which is 37.6 % lower than the national average.
From January 1, 2020 the minimum wage is set at 42,500 tenge.

Volume of commissioning of residential buildings

According to the Committee on Statistics [25], the total housing area of the
Republic of Kazakhstan for 2018 amounted to 356.4 million square meters, includ-

ing 226.1 million square meters in urban areas and 130.2 million square meters in

the countryside (see Figure [3.4).

Housing dynamics
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Figure 3.4: Growth dynamics of the total area of housing in the Republic of
Kazakhstan

In January — December 2018, 1,162 billion tenge was allocated for housing
construction, which is 8.1% more than in 2017. Of the total number of residential
buildings, 37,376 individual houses were commissioned, 1,237 multi-apartment
buildings were commissioned, 113.7 thousand apartments were built, which is
12.8 percent more than in 2017 [61].

The total area of commissioned residential buildings in 2019 increased by 4.9
% [61] and amounted to 13 133,8 thousand sq.meters (see Figure [3.5).

Most of the housing - 11 268,9 thousand square meters or 86% commissioned

by private developers, of which a population of 6 540,6 thousand square meters,
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Figure 3.5: Commissioning of residential buildings, thousand sq.m.

which in the total volume of input is 50%.

Significant growth was noted in Turkestan region (1.6 times), Almaty (1.2
times), Shymkent (1.2 times).

From January 1 - December 31, 2019, the volume of construction work (ser-
vices) amounted to 4 416,79 billion tenge. The largest volume of the total volume
of construction work in the republic was carried out by private construction orga-
nizations 88.28%, foreign - 11.57%, state - 0.16%. From January 1 to December
31, 2019, 1,423.0 billion tenge was allocated for housing construction (see Fig-
ure [3.6)), which is 16.9% more than in 2018. A significant increase in housing
investment (99.8%) is shown in the Turkestan region. This is primarily due to
obtaining the status of a regional center, relocation of regional authorities and,

accordingly, with the active construction of residential buildings.
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Figure 3.6: Investments in housing construction (billion tenge)
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Real estate price dynamics. In December 2019, compared with the same
period in 2018, the national average selling price of one square meter of new hous-
ing increased by 6.4% and amounted to 293,5 thousand tenge, resale of landscaped
apartments, respectively - by 6.2% and amounted to 200,4 thousand tenge.

Five cities of the Republic of Kazakhstan with the most expensive new housing
per 1 sq.m. in December 2019:

1. Nur-Sultan - 373.7 thousand tenge;

2. Almaty - 357.2 thousand tenge;

3. Shymkent - 330.3 thousand tenge;

4. Atyrau - 326.1 thousand tenge;

5. Aktau - 284.6 thousand tenge.

Five cities of the Republic of Kazakhstan with low prices for 1 square. m. for
new housing in December 2019:

Taraz - 140 thousand tenge;
Petropavlovsk - 140 thousand tenge;
Kyzylorda - 141 thousand tenge;
Aktobe - 158.6 thousand tenge;
Uralsk - 166.4 thousand tenge.
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Figure 3.7: Selling prices of new housing, thousand tenge 1 sq.m.

The average rental price of comfortable housing in the Republic of Kazakhstan
for December 2019 amounted to 1,500 tenge per 1 sq. Km. m., growth by De-

cember of the previous year amounted to 7.1%.

26



In December 2019, the highest rental price was recorded in Nur-Sultan (2,821
tenge per 1 sq.m.), Almaty (2 332 tenge per 1 sq.m.), Aktau (2 047 tenge per 1
sq.m.), Turkestan (1 801 tenge per 1 sq. M.) Atyrau (1 759 tenge per 1 sq.m.),
Karaganda (1 586 tenge per 1 sq.m.). In other major cities, this indicator is below

the national average.
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Figure 3.8: The price of renting comfortable housing in the Republic of Kaza-
khstan

The number of newlyweds/divorced. According to the statistics of the
Statistics Committee of the Ministry of National Economy of the Republic of
Kazakhstan, the number of registered marriages is more than one hundred thirty
thousand annually: 2014 - 159 328; 2015 - 148 769; 2016 - 141 702; 2017 - 141
791; 2018 - 137 797 [61].

However, the number of registered divorces is not decreasing and amounts to
more than fifty thousand annually: 2014 - 52 673; 2015 - 53 293; 2016 - 51 993;
2017 - 54 626; 2018 - 54 797 [61].

Difficult living conditions and early marriage are also a common cause of
frustration. For example, often the newlyweds live together with the parents of
the husband or wife, and this entails a whole loop of problems that are associated
with the intervention of the parents. Conflicts arise between generations, and the
spouse who brought his chosen one to the parental home cannot always obtain
respect from his parents for a young family and defend the right to independence
67

Thus, one of the factors influencing the growth of indicators on family divorce

is the housing issue. Families without separate housing are forced to live with
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their parents, even if the total area of the apartment does not allow.

Here are the calculations for the provision of housing according to the data
for 2018.

The population growth is more than two hundred thousand people annually:
2014. - 254 860; 2015 - 254 181; 2016 -248 318; 2017 - 239 123; 2018 - 238 230
[61]. Over the past five years, the number of new apartments has doubled: from
63 743 (2014) to 113 485 (2018) [61].

First of all, we calculate the ratio between the number of apartments commis-
sioned for population growth. To do this, we divide the number of new apartments
by the number of demographics increase: 113 845/238 320 = 0.48 (2018 year).

Thus, it can be seen that the number of new apartments commissioned is not
enough for the population of Kazakhstan.

Secondly, we calculate the calculation of housing provision for the newlyweds.
For this, the number of new apartments is divided by the number of newlyweds:
113 485/137 797 = 0.82 (2018 year). According to these indicators, you can also
clearly see the lack of housing.

One of the main goals of state programs is to increase the availability and
comfort of housing. The determining factor for solving housing issues of citizens is

their income, as well as the availability of sufficient volumes of affordable housing.

3.2 International Housing Support Experience

Strict requirements for borrowers by lenders and the high cost of a mortgage loan
do not allow most of the country’s population to improve their living conditions
with the help of mortgage lending. The way out in this situation is government
support, which implies the provision of various benefits and subsidies in the lend-
ing process, aimed mainly at the borrowers themselves.

It makes sense to get acquainted with the foreign system of state support for
the population in the field of housing.

1. Russian Federation.

The Federal Target Program “Housing” for 2016-2020 is in force in Russia.
This program has the following subroutines:

1) provision of housing for young families;

2) the fulfillment of state obligations to provide housing for categories of citi-
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zens established by federal legislation;

3) stimulation of housing development programs of the constituent entities of
the Russian Federation;

4) provision of housing for certain categories of citizens;

5) modernization of public utilities infrastructure.

Support measures under the “Housing for the Russian Family” sub-program
are:

1) providing support for the construction of engineering infrastructure through
funding to ensure the purchase of engineering and technical support facilities by
issuing bonds with collateral;

2) providing developers - participants of the program "Housing for the Russian
family" preferential credit conditions with an interest rate from 9.5 percent to 13
percent [60].

Turkey.

The main authorized bodies in the field of regulation of housing policy in
Turkey are:

1) The Ministry of Public Works and Housing (Ministry);

2) Housing Management Turkey (TOKI). In the framework of the urgent ac-
tion plan of the Government of Turkey, since 2003, measures have been taken
to provide low-income people with housing and relocate the residents of dilap-
idated houses to modern housing complexes. Thus, by the end of 2011, TOKi
built approximately 202,000 houses for middle-class Turkish citizens and 140,000
houses for low-income and poor families. It is planned that TOKi will build about
500,000 residential buildings in Turkey by 2023. For low-income segments of the
population who do not have a permanent income or with a low income level,
rental housing is available ranging from 45 to 65 square meters with a monthly
payment of 80 with a maturity of more than 20 years. In this case, housing pay-
ment is made only 2 years after the settlement. Families of the fallen soldiers,
war invalids, their widows and orphans are granted interest-free loans for housing
construction [60].

China.

Reform in housing policy is an important component of the Chinese economic
system. The Affordable Housing Program, which was approved in 1999, is de-

signed to provide cheaper housing for low-income families. In general, the housing
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program consists of four mechanisms:

1) public housing construction for low-income families;

2) public rental housing (one of the methods of providing housing for the pop-
ulation is the mechanism by which the state purchases housing on the secondary
market and leases it to citizens in need without a buyout right);

3) housing construction at the expense of private developers (this mechanism
provides for meeting the demand for housing by providing the opportunity to pur-
chase residential space from private developers for a price significantly lower than
the market, while stimulating measures for private developers are the provision of
land by the state, tax breaks, as well as interest rate subsidies);

4) housing subsidies (this mechanism provides for the allocation of state sub-
sidies to certain categories of low-income citizens for the purchase of housing, as
well as the costs associated with its rental and maintenance) [60].

Thus, in 2015, the Government of China allocated 20.2 billion dollars to finance
the Affordable Housing Program. These funds were used as housing subsidies for
low-income families.

Switzerland.

The fundamentals of Swiss housing policy are the provision of financial support
by the state to developers and landlords, as well as the provision of subsidies. The
main subjects of state support are builders of housing for public needs (public
funds, housing cooperatives, etc.). Housing built by these entities is cheaper than
housing of other investors, which allows to significantly reduce the rent for its
individual categories of citizens. The state at the federal, cantonal and municipal
levels supports the creation and functioning of organizations that build housing
for public needs. The state also stimulates their activities by providing soft loans,
subsidies, tax preferences, land plots at low prices, and the provision of guarantees.

Farther, Housing finance schemes in Singapore are considered in detail.

Various measures must be taken to increase housing affordability. If you con-
sider the housing policy of Singapore, you can see that the share of public housing
is more than 80 per cent of the country’s total housing stock. In Singapore, there is
a Housing and Development Board - the HDB (Housing and Development Board),
which was created in 1960 to address the housing crisis. HDB, after its entry into
force, built 21,000 apartments in less than 3 years; 2 years later, this number was

54,000 apartments. In a short span of 10 years, HDB built enough apartments for
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Singaporeans and resolved the housing crisis. About 1 (one) million apartments

have already been built for Singapore with a population of 5.7 million people [22].

Singapore Area and Population (2019)
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Figure 3.9: Demographic indicators of Singapore and the total area of the country

The main tools for the sale of housing: rental, followed by redemption and
direct redemption. HDB Tasks:

1. A variety of house designs for sale and rent;

2. Adequate government subsidies to ensure affordable housing;

3. The development of an active secondary market for public housing;

4. Development of clear and transparent rules governing the purchase and sale
of public housing, the prevention of speculation in the real estate market

HDB is actively involved in research and development to ensure that standards
of cost-effectiveness and quality are maintained and continuously improved.

All working citizens of Singapore and their employers pay mandatory fixed
monthly contributions to the Central Provident Fund (CPF) [8]. CPF is a com-

prehensive social security system that allows working citizens and permanent res-
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idents of Singapore to save for retirement. It also addresses healthcare, home

ownership, family protection, and asset improvement.

Figure 3.10: Rates of deductions and distributions of CPF (from January 1, 2016)

In 1968, to help more homeowners, the government allowed the use of the Cen-
tral Collateral Fund (CPF) savings for down payments and for servicing monthly
mortgage payments. This, along with other schemes and grants introduced over
the years, has made home ownership very affordable and attractive.

In addition, other grants have been introduced to help home buyers afford
HDB apartments. Thus, buyers will need to use less than a quarter of their
monthly family income to pay the mortgage payment for their first apartment,
which is below the international indicators of affordable housing.

Initially, HDB apartments were simple and utilitarian in order to optimize the

use of space and reduce maintenance costs [22].
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4. Analysis of housing distri-
bution programs in the Re-
public of Kazakhstan

4.1 Government programs and ways to obtain hous-
ing

In Kazakhstan, there are several types of housing acquisition programs for the
general population. Consider several options for obtaining housing, such as: the
rental housing without redemption [54], the mortgage lending program “BakpITTb
otbacer” |65, the social housing of Local Executive Authorities (Akimats) [60],
the program "7-20-25" [56], the market program "Bacmama Xut" [66], the rent-
to-own basis housing through the Kazakhstan Mortgage Company (KMC) [42],
the mortgage "Opxa" from KMC [38], housing for military service persons and
employees of special government agencies through "House Construction Savings
Bank of Kazakhstan" JSC [65].

4.1.1 The rental housing without redemption

Citizens of the Republic of Kazakhstan, who are defined in article 68 of the
Law "On Housing Relations" of the Republic of Kazakhstan and working youth
[50], can obtain rental housing without the right of purchase. In addition, rental
housing without redemption will be issued to working youth who have not reached
29 years of age, receiving an official income of at least 40 MCI = 40 x 2778 =
111120 tenge in 2020. Non-repurchased rental housing is provided for 5 years [54].
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After publishing on the Internet site of the local executive body an announce-
ment about the start of accepting an application for rental housing without the
right to purchase, applicants must submit a list of documents to the Government,
for Citizens at the place of residence or submit documents through the portal of
the Electronic Government by clicking on the link: Home — For citizens —
Real FEstate — Buying, selling, renting [24]. Check for completeness of
documents is carried out within 5 (five) business days after the end of the recep-
tion of documents. If the applicant does not meet the requirements of the State
Housing Construction Program "Nurly zher" and the “Rules for the provision of
rental housing without the right to purchase for working youth”, a written refusal
is provided. Scoring and compilation of a list of applicants for rental housing
without the right to purchase is carried out within 10 working days. Points are
awarded as follows: 1. If the applicant has mastered the profession according
to the list of 100 specialties most demanded by the market - 10 points; 2. the
presence of a family - 5 points, for each year in a registered marriage - 2 points;
3. for one child - 1 point, for each subsequent child - 2 points; 4. if carries out
individual entrepreneurial activity for at least 1 year - 5 points, for each year -
1 point; 5. for the presence of personal achievements of the applicant in various
fields of activity - 2 points; 6. for labor activity in budget organizations (state
institutions and state enterprises) - 5 points, for each year of service - 1 point;
7. for each year of savings in savings accounts (deposits) in second-tier banks
- 2 points. The lease agreement is concluded by the authorized body within 15
calendar days after the decision on the provision of rental housing without the
right to purchase [54]. The amount of the lease payment is calculated by the
LEB in accordance with paragraph 1 of Article 97 of the Law of the Republic of
Kazakhstan “On Housing Relations” and in accordance with the Methodology for
calculating the amount of payment for using housing from the state housing stock
), [55)

4.1.2 The mortgage lending program “Bakytty otbasy”

“BakprrTel otbacel” (Bakytty otbasy) is the direction of the “Nurly zher” State
Housing Construction Program for lending to low-income families through the
"House Construction Savings Bank of Kazakhstan" JSC (hereinafter - HCSBK).
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Program participants can be citizens who are registered in need of housing in
accordance with the Law of the Republic of Kazakhstan “On Housing Relations”,
by categories: mothers with many children, awarded with pendants “Altyn alka”,
“Kumis alka” or previously awarded the title “Mother Heroine” as well as those
awarded with the orders of “Mother Glory” of the I and II degrees, large families;
single-parent families; families with or raising children with disabilities [50].

Requirements for applicants for a soft loan at 2 percent per annum:

1) citizenship of the Republic of Kazakhstan;

2) the presence of income from labor and (or) entrepreneurial activity (ex-
cluding pension contributions, individual income tax and other mandatory con-
tributions) for the last 6 (six) months, not exceeding twice the subsistence level
for each family member (in 2020 is 62 366 tenge) approved by the law on the
republican budget for the corresponding financial year;

3) the expiration of a 3-year period from the date of divorce (for single-parent
families);

4) confirmation of solvencys;

5) confirmation of the registration and registration certificate of the registra-
tion in need of housing and the status of needing housing in the prescribed cate-
gories of participants in accordance with the Law of the Republic of Kazakhstan
“On Housing Relations”.

After calculating the solvency of the program participant, the Bank issues a
notification on the possibility of lending indicating the amount of the loan, which
the applicant can apply for. Three months are provided for the search for housing
in a new building or in the secondary housing market. After choosing a housing,
it is necessary to assess the real estate and provide to the HCSBK together with
copies of documents for housing [72], [11], [51].

The maximum loan amount is 15 million tenge in the cities of Nur-Sultan,
Almaty, Shymkent, Aktau, Atyrau and 10 million KZT in other regions. Loan
repayment period - up to 20 years. Down payment - 10 per cent of the cost of
housing. There is an opportunity for participants in the “Bakytty otbasy” program
to purchase primary housing to receive a housing certificate through LEA in the

amount of 1 million tenge [30].
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4.1.3 Social Credit Housing of Local Executive Authorities

The conditions for the sale of credit housing, the procedure for interaction between
the Local Executive Authorities (hereinafter - LEA) and HCSBK, as well as the
volume of sales of credit housing through the HCSBK to the participants of the
Program are determined by the agreement between the LEA and HCSBK, and
internal documents of the HCSBK [50].

Procedures for the selection of applicants and the distribution of housing are
carried out from the date of receipt of information from the LEA regarding the
property being sold. LEA not later than 3 (three) months prior to the date of
commissioning of the facility provides the Bank with an application for approval
of facilities. At the same time, “Credit housing of LEA” is sold to depositors and
waiting lists of LEA through HCSBK within 6 (six) months [45], [44].

After concluding a memorandum of intentions between the Bank and the LEA,
the LEA at least once a quarter sends to the HCSBK lists of the waiting lists of
the LEA. Upon receipt of an updated list from the LEA, the HCSBK enters the
information received into the database of depositors.

HCSBK provides preliminary housing and intermediate housing loans at a rate
of not more than 5 per cent per annum with a loan term of up to 25 (twenty five)
years if there is an initial payment on the account in HCSBK:

e for preliminary housing loans in the amount of at least 20 (twenty) percent
of the loan amount;

e for interim housing loans in the amount determined by the Law of the Re-
public of Kazakhstan dated December 7, 2000 «On Housing Construction Savings
in the Republic of Kazakhstans.

Basic requirements for participants [50]:

1) citizenship of the Republic of Kazakhstan;

2) the presence of income from labor and (or) entrepreneurial activity (exclud-
ing pension contributions, individual income tax and other mandatory contribu-
tions) for the last 6 (six) months for each family member up to 3.1 the subsistence
level inclusive, approved by law about the republican budget for the corresponding
financial year;

3) confirmation of the registration and registration certificate of the registra-
tion in need of housing and status in need of housing in accordance with the Law
of the Republic of Kazakhstan “On Housing Relations”;

36



4) confirmation of solvency.

At the end of the selection procedures, the HCSBK submits to the LEA the
final lists of participants. The list shall indicate the identification number and
address of the housing for the execution of the real estate purchase and sale
contract.

In the case of shortage of applicants for realizable housing among the LEA
waiting list, the HCSBK carries out selection without applying a point system
according to the internal documents of the HCSBK, including among depositors
of the HCSBK who are not the queues of the LEA.

At the same time, HCSBK depositors confirm:

- permanent registration at the place of residence in the cities of Nur-Sultan
and Almaty, at least 2 (two) recent years on the date of application for applicants
applying for housing in these cities;

-the absence on the territory of the Republic of Kazakhstan of the applicant
and his family members permanently living with him (spouse, minor children),
as well as other family members included in the family and specified in the appli-
cation, rental housing with purchase or housing on the basis of ownership (com-
mon joint ownership, a share in shared ownership constituting the common joint
(shared) ownership of other family members referred to in this paragraph as a
housing unit), with the exception of:

e the availability of housing with a useful area of less than 15 (fifteen) square
meters per family member;

e residential houses of adobe and frame-reed type in disrepair, threatening a

collapse (collapse).

4.1.4 The program “7-20-25”

“7-20-25" - a mortgage program that provides new opportunities for improving
housing conditions. A program participant chooses housing in the primary market
from the developer. The maximum cost of housing is 25 million KZT for the cities
of Nur-Sultan, Almaty, Aktau, Atyrau, Shymkent and 15 million KZT for other
regions [50].

Applicants for housing under the “7-20-25" mortgage program must meet the
following requirements [50]:

1) the presence of income in excess of 3.1 living wages from labor and (or)
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entrepreneurial activity, confirmed by one of the following documents at the dis-
cretion of the bank;

2) the absence of debt on mortgage housing loans under the mortgage program
«7-20-25» and other mortgage housing loans, confirmed by the credit report of
the credit bureau;

3) the absence of housing on the right of ownership in the Republic of Kaza-
khstan, confirmed by the information of the legal cadastre with the exception
of:

e the availability of rooms in dormitories with a useful area of less than 15
square meters per family member;

e housing, which is recognized as emergency in the manner prescribed by the
State standards in the field of architecture, urban planning and construction of
the Republic of Kazakhstan.

Prior to issuing a mortgage housing loan, second-tier banks, in accordance
with the requirements of the legislation of the Republic of Kazakhstan and internal
documents of the bank, assess the creditworthiness of the borrower [52], [53].

Partner banks (program operators): Halyk Bank of Kazakhstan JSC, Bank
Center Credit JSC, SB Sberbank JSC, Jysan bank JSC, ATF Bank JSC, Forte
bank JSC, Bank RBK JSC, JSC Eurasian Bank [56].

4.1.5 The market program “Baspana Hit”

The “Bacnana Xur" (Basapana Hit) is the Baspana Mortgage Organization’s own
program for lending to primary and secondary housing. The "Bacmana Xut"
program is not a state program; it does not have the restrictions and requirements
for applicants that are in the "7-20-25" program [66].

Maximum cost of purchased housing: 25 million KZT for the cities of Astana,
Almaty, Aktau, Atyrau and 15 million KZT for other regions. The interest rate
is 13.75 % per annum. Loan term - up to 15 years.

Requirements: citizenship of the Republic of Kazakhstan; confirmation of
solvency; lack of other mortgage loans. Housing can be purchased in all regions
of Kazakhstan.

Partner banks (program operators): Halyk Bank of Kazakhstan JSC, Bank
Center Credit JSC, SB Sberbank JSC, Jysan bank JSC, ATF Bank JSC, Forte
bank JSC, Bank RBK JSC, JSC Eurasian Bank [66], [52], [53].
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4.1.6 Housing on a rent-to-own basis for education and

healthcare workers.

Within the framework of the State program for housing and communal develop-
ment “Hypusr xkep” for 2020-2025, JSC “MO “Kazakhstan Mortgage Company”
(hereinafter - KMC) works in the direction of rental housing with the right to buy
for education and health workers [42], [41].

Leased housing with redemption is realized by the waiting lists of the LEA,
in the order of priority determined in accordance with the current housing leg-
islation of the Republic of Kazakhstan, for the following categories [63] : - large
families; - single-parent families; - families with or having children with disabili-
ties; - orphans, children left without parental care; - repatriated Kazakh (oralman)
status; - civil servants, servicemen, employees of special state bodies, employees
of budgetary organizations; - invalids of 1, 2 groups.

At the same time, 50 percent of housing is sold to persons of the above cat-
egories, married for at least 3 years, with children (child), and the age of both
spouses is under 35 (at the time of applying for participation in the Program),
and also incomplete Families in which one of the parents, who has not reached
the age of 35 years, including a divorced, widow, brings up the children (child).

Upon expiry of leasing period, housing passes into ownership of lessee; Leasing
period with purchase option up to 20 years; Option of purchasing of leasehold
housing; Guarantors’ attraction possibility in insufficient revenues.

The rental cost for 1 sq. m is 1,455 KZT (Almaty, Astana); 1 234 KZT
(regions).

Announcements on the start of accepting applications for this program are
posted on the sites of the LEA [23],[45],[46], [6]. After receiving documents from
applicants for rental housing LEA a preliminary list of potential tenants is com-
piled and sent to the CFC to determine solvency. If potential tenants meet the
requirements for solvency, KMC sends to LEA a list of potential tenants who meet
the requirements for subsequent distribution and posts information on the CFC
website (list of participants). The distribution of housing between the program
participants will be carried out in an automated mode on the Company’s website,

where program participants independently select housing (apartments) [42].
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4.1.7 Mortgage “Orda” from JSC “MO” Kazakhstan Mort-
gage Company”’

The mortgage “Opua” (Orda) - is a mortgage product of “MO “Kazakhstan Mort-
gage Company” JSC for lending to individuals for the purchase of apartments in
the primary and secondary market through agent banks [38].

Mortgage program “Opna” is aimed at improving the living conditions of indi-
viduals with incomes of an average or above average level, who want to purchase
housing (primary or secondary) of a higher comfort class (housing price above 25
million tenge) at a rate lower than the average market, having savings in the form
of free cash or the possibility of providing a solid deposit as an initial contribution
13].

The loan is provided up to 65 million KZT for a period of up to 20 years.
Depending on the full / partial confirmation of income, it depends on the amount
of the down payment. Reward Rate:

- with full confirmation of income - 13 percent per annum;

- with partial confirmation of income - 14 percent per annum.

Real estate is acquired in the primary or secondary housing market. The part-
ner bank, on the basis of the documents provided, carries out an initial selection of
participants and sends an application to the KMC to assess the creditworthiness
of the applicant and make a decision on the issuance / refusal of a loan. Based
on the results of the decision, the Bank enters into an agreement on behalf of the
KMC and passes the registration procedure of the pledge to issue a loan.

Partner banks (program operators): Bank Center Credit JSC, Jysan bank
JSC, Kassa Nova Bank JSC [52)].

4.1.8 The “Military product” of House Construction Sav-
ings Bank of Kazakhstan

Housing payments are cash volumes differentiated by region and family composi-

tion, paid to employees of special state bodies and military personnel in the form

of special cash support in cases provided for by the republican budget [63].
Employees of special State authorities and military personnel receiving pay-

ments have the opportunity to receive a loan from the HCSBK to purchase housing
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on the primary or secondary housing market [62|, including those provided under
equity agreements, without waiting for accumulation on deposit. The down pay-
ment is from 15 percent to 50 percent, the interest rate on preliminary loans is
from 6 to 8 percent, the loan term is up to 25 years [65].

In 2018, 1 996 loans were issued to military personnel. For them HCSBK
developed a separate housing program. For its implementation, the Bank allo-
cated 98 billion tenge from its own funds, of which 24 billion were allocated for
refinancing loans taken earlier in other second-tier banks [4].

According to Article 101-3 of the Law of the Republic of Kazakhstan “On
Housing Relations”, those military personnel who have not had their own housing
where they served in the last 5 years receive housing payments [63], [51].

HCSBK is the only bank in which special deposits have a special status and
guarantee of inviolability. Housing payments are not subject to withdrawal to
the budget, and they cannot be seized for other obligations of the owner of this

account [63].
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5. The results of the analysis
of programs and housing al-

location algorithms

To develop a mathematical model of Housing Programs, let us consider the results

of research conducted in [21] and [29].

5.1 Assessing the effectiveness of the impact of

government measures on housing affordability

It is very important to know the effectiveness of the impact of various government
policies on housing affordability. The effect of using municipal rental housing
substantially depends on the level of rental rates, and the government’s work
with construction organizations provides a much better effect than using the usual
subsidy policy [21].

In world practice, to determine the level of housing affordability, a coefficient
«housing price to income ratio» is used, however, it is calculated on the basis
of median values of the cost of housing and annual household income. In 2006,
Russia’s average incomes exceeded median incomes by 1,3 times [18]. In large
cities, this excess was even greater. So, in Moscow it amounted to more than 2,2
times. Obviously, in this case, the use of average values leads to an overestimation
of housing affordability:.

To assess the effectiveness of specific measures, the indicator of the share of
families with incomes sufficient to purchase housing is used. Comparison of the

indicator with its basic value (in the absence of government assistance measures)
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allows us to determine the effectiveness of a particular measure. However, in
general, the calculation of the housing affordability coefficient is based on average
indicators of household income. The real level of housing affordability can be
determined using information on the distribution of income [21].
The income distribution is usually well described by a log-normal law [18],[1]:
1 (nz—a)?

f(x) = e 20? | (5.1)
ox\ 2T

where f(x) is the relative density for the value of a per capita income x; a is
the logarithm of the mean income; o2 is the dispersion of the distribution.

These parameters are estimated by methods of mathematical statistics on
the basis of statistical data on the distribution of income by population groups.

Parameters are calculated in the following way:

9
50

o“=1In W—l—l, (5.2)
azln@—%ln %+1 (5.3)

where T is the average income; s3 is the variance of population incomes [21].

Let v, be the minimum level of monthly income that a household needs to
purchase housing using its own and borrowed funds, then all households whose
income is above this value are able to purchase housing.

The share of such households (N) is determined from the ratio:

N = /OO f(z)dz. (5.4)

Ymin

5.2 Market model and description of competitive
equilibrium

An empirical approach to the formation of housing programs does not guarantee
the appropriate and rational use of budget funds.
Next, we consider the approach to the appropriate development of local hous-

ing programs, which, without claiming to be universal, can be useful in many
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cases.

It is assumed that the local administration initiates the development of a
housing program or housing subsidies with fixed goals, terms and resources. The
program developer (Regulator) must first of all choose a method for evaluating
program options according to the degree to which program goals are achieved. It
is natural to assume that the draft program should be evaluated by the properties
of the equilibrium that would have arisen in the event of the implementation of
this project.

Housing program formation. For an arbitrary market situation B, we
introduce the following notation: I (B) - the set (numbers) of types of dwellings;
supplier groups, respectively; GC (B) and GS (B) - sets (numbers) of consumer
and

gri(B) is the number of (i,h) agents;

U(B) = {(i,j,h) € I*(B) x GC(B)|(gni(B) # 0)} - the set of all possible
consumer movements;

d;(B) is the number of dwellings of type i;

d(B) - (di(B))iEI(B)§ CL(B) = (az'jh)(z',m)eU(B); b(B) = (bijh)(i,j,h)eU(B)§

D(B:;h) sets of dwellings acceptable to consumers of group h;

W(B) = {(i,j,h) € U(B)|j € D(B;h)} is the set of acceptable consumer
movements.

The linear programming task for market situation B is denoted by ATC(B):

bnkh Xnkh — max (5.5)
2.2

nk heGC

and ATC*(B):
[ Z Z GhnYhn + Z dpmy] — min, (5.6)
heGC n k

respectively.

Suppose that before the beginning of the period under review, the Regulator
predicts the market situation A at the beginning of the period and determines
the forecast balance. In this equilibrium, some consumers occupy socially un-
acceptable dwellings (too poor, too expensive compared to income, located in
disadvantaged areas, etc.). It is necessary to change the initial situation so that

the resulting equilibrium is as free as possible from these shortcomings [29)].
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Consider only the movement of consumers. Only two groups of ATC (A) task
parameters are partially manageable. These are the components of the vectors d
(A) and b (A). It is clear that by increasing d;(A) (the number of dwellings of
type 1), it is possible to influence the market from the supply side.

Let g be a (i, h) -consumer and k be a dwelling of type j. Then a;;n, = Yg, =
by — qgr; in addition, b, = a;;p, if dwellings of type j belong to consumers, and
bijn = aijn — agjm if the dwellings of type j belong to the suppliers of the group
m.

If you give consumer g a subsidy in the amount of ¢ due to relocation to type
j housing, or benefits in the amount of ¢ for fixed payments for such dwellings,
then the net utility of type j dwellings for this consumer will increase by o (due
to an increase in the starting price for type j dwellings first case, and lower fixed
costs - in the second).

Therefore, by changing the components of the vector b (A), one can influence
the market from the demand side.

Assume that the costs of market regulation are limited to K. The task of the
Regulator is to develop a housing program (to distribute the amount of K between
types of dwellings) or housing subsidies (to distribute the amount of K between
market agents). Every regulatory program creates a new market situation. The
purpose of the Regulator is to choose a program of one of the indicated types so
that the number of consumers occupying acceptable homes in equilibrium for the
new situation is maximum.

But before changing the initial situation A by regulatory influences, it is de-
sirable to evaluate how much the regulatory goal in equilibria for this situation is
achieved. Let us formulate the problem more broadly: how to assess the degree
to which the goal of regulation is achieved in an arbitrary market situation B.

Let fB(-) and h®(-,-) be objective functions and [5.6, f& is the optimal
value of the objective function in the problems AT C(B) and ATC*(B). Introduce
a vector of variables = (%n) 4 jnev(p). Let MA(B) and MI(B) denote the

maximization and minimization problems, respectively, of the following functions:

Z xijh (57)

(i,4,h) W (B)
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under conditions:

> ayn < di(B) (5.8)
i,h
D ijn = gni(B) (5.9)

fBx)> fE x>0. (5.10)

MA(B) and MI(B) are linear programming problems on a polyhedron defined
by conditions [5.§] - [5.10]

This polyhedron is the optimal facet of the AT'C'(B) polyhedron. Therefore,
any basic admissible solution to the system of inequalities - is a basic
optimal solution to the problem ATC(B), defines the equilibrium distribution for
situation B, and, together with the solution to the problem AT'C*(B), determines
the standard equilibrium for situation B.

Function|5.7|describes the number of consumers occupying acceptable dwellings
in the location described by vector x. Let 2 (B) and 2™(B) be optimal basis
solutions to problems MA(B) and MI(B), respectively. Taking into account the
previous argument, these vectors set the standard equilibrium e (B) and e™(B)
for situation B, in which the number of consumers occupying acceptable dwellings
is maximum and, accordingly, minimum. The optimal values of function in
tasks MA(B) and MI(B) determine the boundaries for achieving the goal of regu-
lation in standard equilibrium for situation B and, therefore, allow the Regulator
to evaluate this situation. If there is a draft housing program, in the event of the
implementation of which a market situation B arises, then, assessing situation B
in the above way, we will evaluate the draft program.

Considering the forecast situation A as situation B, we can find out how much
market regulation is necessary. If the equilibrium e™(A) is acceptable (from the
point of view of the Regulator), then regulation is not necessary at all. If e™(A) is
unacceptable, but there is an acceptable equilibrium - for example, e (A) - then
there is a fundamental possibility to push the market to this equilibrium without
changing the initial situation. If the equilibrium e (A) is unsatisfactory, then a

short-term regulatory impact on the market may be useful [29).

Let R be the set of all pairs (i,h) such that h € GC(A) and some (i,h)

0

consumers in the forecast equilibrium e” occupy socially unacceptable dwellings.
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If (i,h) € R, then we say that G(h,i) is a recipient subgroup of h.

Combining all the recipient subgroups, we get many recipient consumers,
whose help is the goal of the program under development. As a rule, the housing
program cannot cover all recipients; therefore, the Regulator allocates recipient
subgroups for the project being designed; often plan and implement parallel reg-
ulatory programs targeting different recipient consumer subgroups.

Housing program. Suppose that local authorities intend to invest a certain
amount in a housing program. What dwellings should be built under such a
program?

Each software housing creates a chain of consumer movements; this chain is
useful for achieving the goal of the Regulator if it involves moving the recipient to
an acceptable home. A useful chain may include movements of other consumers
as well, if these movements vacate homes acceptable to recipients. It is easy to
find out what types of dwellings are acceptable for recipients by regulation; the
construction of such dwellings should be included in the program. However, the
construction of other types of dwellings may also be appropriate [29].

On the set of solutions of the system of inequalities - [5.10, a function is

S (5.11)

1,h€ R je D(B,h)

determined.

It describes the number of recipients occupying acceptable homes in a placement
that corresponds to the vector x.

Consider the predicted situation A as situation B. By maximizing and min-
imizing function under constraints [5.8) - [5.10], we find the basis optimal so-
lutions x! and 22 of the ATC(A) problem, which correspond to the equilibrium
arrangements ¢! and ¢? for the situation A. Comparing ¢! and (2, we find out (if,
of course, these accommodations are different), for which dwellings the recipients
compete with other market agents. It is advisable to build such dwellings. More-
over, estimates of constraints in the problem of maximizing function with
constraints 5.8 - indicate the relative usefulness of housing types to achieve
the goal of the program.

However, this consideration, firstly, is valid only in the field of constancy of
dual estimates, and secondly, does not indicate how many dwellings of each type

should be built. Nevertheless, using the above considerations, you can make an

47



approximate list of types of dwellings that are advisable to include in the housing
program. It should be noted that types of dwellings that are absent in situation
A may be included in the program [29].

Firstly, it can be really new (structurally, in terms of location, etc.) types of
dwellings. Secondly, with respect to the program housing, the Regulator plays the
role of the supplier-owner, therefore all dwellings of the same type must belong to
the suppliers (by definition of the same type of dwelling); therefore, if dwellings
of type i € I(A) belong to consumers, then, including the construction of the
same dwellings in the program, we must introduce a new type. Thirdly, if type
i dwellings are owned by suppliers of group h, then the definition requires that
the minimum selling prices 4)r = agin be equal for all k type i dwellings; for
the same program dwellings, the Regulator determines the minimum sale price,
it can be less, equal to or more than the stream equivalent of construction costs
(lowering the sale price is one of the forms of subsidizing consumers); if this price
does not coincide with ag;;,, then a new type of housing must be introduced.

Finally, restrictions on consumer access to software dwellings are possible and
often necessary; therefore, the rules for access to existing type i dwellings and the
same program dwellings may vary, and in order to reflect this difference in the
model, a new type of dwelling has to be introduced. With free access to software
housing, the recipient may lose competition; and a competitive recipient may not
get this home if the other consumer gets ahead of it. Therefore, it is possible that
the program will provide housing for richer or more active consumers, and not for
those (or not only those) for whom it is intended.

Hence, a natural restriction arises: only recipients have access to the dwellings
built at the expense of the budget (which does not contradict the stimulation of
the construction of dwellings intended for other consumers), and those to whom
this dwelling provides a socially guaranteed minimum of housing consumption.
However, more complex rules are possible; forming the housing program, the
Regulator, naturally, defines the rules of access to program dwellings as an integral
element of the program.

If we do not introduce the variable Xj;;, in the ATC problem and indicate
bijn as a small value, then we can reflect the ban on access of (i, h) consumers
to dwellings of type j. Therefore, the ATC task describes standard equilibrium

and with restrictions on the access of some agents (for example, the rich) to
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some dwellings (for example, included in the social housing fund). In a market
situation B, the Regulator can set the rules for access to dwellings by the set
of permissible movements of consumers V(B) C U(B): (i,h) consumers have
access to dwellings of type j if and only if (i, j,h) € V(B); if there are no access
restrictions, then V(B) = U(B). Assume that the vector of variables x describing
the possible arrangement has the form (). 7n)ev(p). The above definition of
the set W(B) of acceptable consumer movements should now be changed: W(B)
— {(i,j,h) € V(B)|j € D(A;h)}.

Suppose that the types of program dwellings are defined in accordance with
the requirements listed above, the program investments are somehow distributed
between these types and, therefore, a draft program has been developed that
determines how many dwellings of each type should be built, and rules for access
to these dwellings. Let IP be the set of types of dwellings whose construction
is included in the draft program (program types). Describe the project of the
program by the vector A = (0;);erp, where d; is the number of dwellings of type
i included in the project. If the project is implemented, a new market situation
B will appear at the beginning of the period under review.

It is clear that I(B) = I[(A) UIP, GC(B) = GC(A); d;(B) = d;(A) + ¢; for
i € I(A), otherwise gp;(B) = 0 (since program dwellings are free at the beginning
of the period). Therefore, U(B) = {(i,7,h) € I(A) x I(B) x GC(A)|gni(A) # 0}.
Assume that the b;;, values for all (i,j,h) € I(A) x I(B) x GC and the a;;,
values for all (i,5,h) € U(B) are known. Let ¢ for i € IP be the minimum
commensurate price of type i dwellings set by the Regulator. b = aijn — 9,
is assumed for all (i,j,h) € V(B) such that j € IP. Note that for ¢ for i €
I(A)N 1P, type i dwellings in situation A belong to the suppliers of some group
h, and the value of ¢; must be equal to ag;, by the definition of the group.

Now all parameters of the ATC(B) task are defined. Solving it, we can con-
struct the tasks MI(B) and MA(B). The optimal values of the objective function
in these tasks indicate the range of changes in the number of consumers occupying
acceptable dwellings in standard equilibrium for situation B, which is naturally
considered the main indicator in evaluating the draft program.

Determine the boundaries for the number of recipients occupying acceptable

dwellings in standard equilibrium for situation B, minimizing and maximizing
function under constraints -15.10L These indicators, however, to a lesser
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extent characterize the feasibility of the project in question: for example, function
b.11] increases if recipients displace other consumers in unacceptable dwellings.
Another important characteristic of the draft housing program is the profit
(possibly negative) made by the Regulator. To describe it, suppose that the Reg-
ulator agrees to sell (rent) software dwellings at any non-negative, commensurate

price that consumers are willing to pay:
v, =0,2€ IP (5.12)

In this case, the price of software housing is determined only by competition
between consumers. Let C be the market situation obtained by imposing condition
on situation B, ¢; the budget costs associated with the construction of a house
of type 1 € IP.

If (y,7) is the optimal solution to the ATC*(C') problem, then in case of
implementation of the draft program under review, the Regulator will receive
reduced profit

R(,7)=> mbi—p- > b (5.13)
ielP ielP
For R(d,m) > 0, the project program is potentially profitable, and for R(d, 7) < 0

it is potentially costly, so the range of variation of R(d,7) depending on 7 is

Z mi0; (5.14)

i€lP
under the limitations of the ATC*(C') problem

important.

Ong + 5 = by, (i,5,h) € V(B), 7™ >0, (5.15)
and with the additional condition
he(6,m) < f§. (5.16)

Indeed, constraints coincide with the constraints of the AT'C*(C') problem.
Condition [5.16) ensures that any feasible solution to the above optimization prob-
lems is an optimal solution to the AT'C*(C') problem. Therefore, optimal solutions
to these problems determine the prices of standard equilibrium for situation C,

and from the corresponding values of function [5.14] it is easy to calculate the
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boundaries of the change in R(J, 7) in standard equilibrium for this situation.

Thus, by varying the components of the vector A and evaluating the emerging
options, we can choose a rational housing program.

[f the market is experiencing a strong pressure of newcomers who have money,
but do not have housing in this market (for example, migrants), then it is very
likely that the maximum total usefulness will be provided by the construction of
relatively expensive homes for this category of consumers. At the same time, local
residents with unacceptably low levels of housing consumption will not receive
either programmatic dwellings (due to high prices) or free housing (due to lack
thereof). In the short term, this will lead to higher prices for all types of dwellings.
In the medium term, a relatively autonomous segment of the housing market will
be formed, supplying expensive homes to beginners.

The regulator can initiate profitable housing construction programs for wealthy
(0,h) consumers (newcomers to the market), but it should limit the access of such
consumers to dwellings being built as part of non-profit programs. On the other
hand, the construction of dwellings intended for consumers who are not among
the recipients and who have housing in the market in question can increase the
income from the program and do not necessarily contradict its objectives, since
recipients can occupy vacant dwellings. However, it is unlikely that access to such
housing will be regulated if it does not belong to the municipal housing fund.
These effects can be measured in case of variant calculations. In any case, the
program developer must have an idea of which consumer groups the dwellings of

each program type are intended for, and accordingly form access rules.

5.3 The mathematical model of housing in the
Republic of Kazakhstan

This chapter describes a mathematical model for acquisition housing. The math-
ematical model is presented in section of steps.

The results of a comparative analysis of the basic requirements and conditions
for obtaining housing are presented in table form (Appendix [A)).

Compiled a basic list of requirements for the purchase of housing (Appendix
B). In the table, the basic requirements for housing are indicated by the letters
(A,B,C,D,...,U) and the permissible values of the parameters are indicated.
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Using this table and all the conditions for obtaining housing for each program,
we will construct a mathematical model.

Several options for housing programs are considered and a mathematical model
is constructed. The mathematical model will serve for housing acquisition esti-
mates for a specific program depending on the time and stages of the program
according to requirements. A separate mathematical model has been compiled
for each program. Because each program has corresponding requirements.

According to clause 7 of Chapter 2 of the “Rules for the provision of banking
services and consideration by banks, organizations engaged in certain types of
banking operations, customer appeals arising in the process of providing banking
services” approved by the Resolution of the National Bank of the Republic of
Kazakhstan dated July 28, 2017 No. 136, the bank must provide the client infor-
mation on rates and tariffs, the timing of the decision on the application for the
provision of banking services. In this regard, second-tier banks on the Internet
resource posted documents containing the general conditions for the operation,
which indicate the deadlines for the provision of services.

In addition, local executive bodies on Internet resources post information on
the need to provide documents for housing under various programs. These sites
indicate all the conditions and terms for submitting documents, indicate the nec-
essary time for calculating points, lists of people on the waiting list who received
housing as part of the Nurly Zher Housing Program through the Housing Con-
struction Savings Bank of Kazakhstan, through the Kazakhstan Mortgage Com-
pany.

To get housing, a program participant goes through several stages (steps),
fulfilling certain requirements.

It takes time to fulfill the requirement and move on to the next step. For
this, having studied the following materials, an infographic with time has been
compiled: [72],[11],[45],[44],[52],[53],[46],[6],[51],[62],[65].

Using info-graphics, a separate table was compiled indicating the possible
options for the time spent. (Table [5.1]).

The purchase of housing under the program consists of several processes - P
and P; - subprocesses. To calculate the time taken to complete one stage, the
time taken to collect documents or fulfill other requirements is taken into account.

The total time X (¢) spent on acquiring housing can be calculated by summing
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Time
At, |1day Aty | 1-5days
Aty |1-2days Aty | 7days
Aty |1-15days Aty; | 10days
At, |2day Aty, |15days
Ats | 1-3days Atz | 30days
Atg | 3day Aty, | 1-6 month
At, |3-15days Atys | 0-36 month
Atg |5days A t- | weekends, holidays

Figure 5.1: Stage Time

up the time spent on going through all the sub-processes.

Next, a mathematical model is constructed for the following programs: the
rental housing without redemption, the mortgage lending program “BaxbrTTs
orbacel’, the social housing of Local Executive Authorities (Akimats), the pro-
gram "7-20-25", the market program "Bacmana Xut", the rent-to-own basis hous-
ing through the Kazakhstan Mortgage Company (KMC), the mortgage "Opua"
from KMC, housing for military service persons and employees of special govern-

ment agencies through HCSBK.

5.3.1 Mathematical model for describing processes and steps
by the program “Bakytty otbasy”

X(t) =>_P(t) =P+ P,+ P; + P, full time calculation.

According to the infographic (Appendix [C] Figure the main stages of
the program “BakeirTor otbace’” (Bakytty otbasy) are divided into 4 processes.
To obtain housing under this program, applicants must confirm the status of the
needy and receive a referral for the Bank (P). The next stage is confirmation
of solvency (P). The process of choosing a suitable home (Ps) and processing a
loan (Py) are followed.,

P, - Family Status Confirmation Process: P(t) = S+ A;(t) + +B;(t) +
Ci(t) + Ei(t) + Fi(t) + T}, i=1,....n

S - stage of obtaining an electronic digital signature (EDS);

= {a;}, a,...,a, € A - citizenship;
= {b;}, (b1,...,b,) € B — family status;
C; = {ci}, (e, ... ,cn) € C — absence of housing;
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E; ={ei}, (e1,...,e,) € E — registration;
F,=A{fi}, (f1,..., fa) € F —scope of activities;
T, = Aty + Aty + Atg + At, - time.
P, - Income verification process: P(t) = Pi(t) + A;(t) + Bi(t) + Ci(t) +
+D;(t) + Ei(t) + Fi(t) + Gi(t) + T),, i=1,...n
P1 - referral to the HCSBK;
 ={a;}, ai,...,a, € A - citizenship;
= {b;}, (b1,...,b,) € B — family status;
= {c}, (a, cn) € C — absence of housing;
= {d;}, (dl, ., dy) € D — income level,
= {ei}, ( )
F,={f:}, (fl, ..., fn) € F — scope of activities;
Gi=A{9}, (g1,.-.,9n) € G - age;
T,, = At7 + At - time.
P; - Housing search process: P3(t) = Po(t) + Ji(t) +1p,, i= 1,... .0
Ji =A{4}, (J1,...,jn) € J — year of construction of housing;
T, = Aty - time.
P, - Loan issuing process: Py(t) = Py(t)+H;(t)+K;(t)+Li(t)+Ji(t)+T1p,,

€1,...,6e,) € I/ — registration;

i—=1,....n
= {h;}, (h1,...,h,) € H - a down payment;
={k;}, (k1,...,k,) € K — real-estate appraisal;
L ={l;}, (Iy,... ) € L — re-checking documents;

Ji ={7:}, U1, ,jn> € J — year of construction of housing;
T,, = 2Ats + Atg + At, - time.

5.3.2 Mathematical model for describing processes and steps
by the program *“7-20-25"

X(t) =>_ Pi(t) = P, + P + P, full time calculation.

According to the infographic (Appendix [C] Figure[C.4)), the main stages of the
program “7-20-25" are divided into 3 processes. For this program, there is no need
to go through the P, procedure, since there is no mandatory requirement. The
process begins primarily with the search for housing, then goes into the process

of confirming income.
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P; - Housing search process: Ps(t) = J;(t) + 1), i=1,...,n
Ji =17}, (1, -..,Jn) € J — year of construction of housing;
T, = Ats - time.
P, - Income verification process: Py(t) = M;(t) + A;(t) + C(t) + D;(t) +
+G;(t) +1,,,1=1,...n
= {m;}, (m1,...,my) € M — the availability of other loans;
A; =A{a;}, a1, ... ,a, € A - citizenship;
Ci ={ci}, (c1,...,¢,) € C — absence of housing;
D; ={d;},(dy,...,d,) € D — income level;
Gi =14}, (91,-..,9n) € G - age;
T, = Aty + At - time.
P, - Loan issuing process: Py(t) = H;(t) + Ki(t) + Li(t) + Ji(t) + T},,

i=1,....n
-—{h} (hi,...,h,) € H—a down payment;
= {k;}, (k1,...,k,) € K — real-estate appraisal;
L ={l;}, (Iy, ... ) € L — re-checking documents;

Ji={7}, U1, ,]n) € J — year of construction of housing;
Tp4 = 2At5 + Atg + At, - time.

5.3.3 Mathematical model for describing processes and steps
by the program “Social housing of Local Executive
Authorities (Akimats)"

X(t) => Pi(t) = Po+ Py + Ps full time calculation.

According to the infographics (Appendix[C], Figure[C.3)), the main stages of the
LEA program are divided into 3 processes. For this program, there is no need to go
through the housing search procedure (P3), as the Bank and the LEA themselves
provide new housing. According to the terms of the program, housing purchased
at the state’s expense at low prices is purchased. The process begins primarily
with the conclusion of an agreement on housing savings and the accumulation of
a deposit to participate in the competition (P5). Next is the process of confirming
income (P») and issuing a loan (Py).

Ps - Passing the competition in housing construction savings bank:
Ps(t) = Ni(t) + Hi(t) + O;(At) + 1), i=1,...n
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N; ={n;}, (ny,...,n,) € N — availability of housing savings in the bank;
H; ={h;}, (h1,...,h,) € H—a down payment;
O; = {oi}, (o1,...,0,) € O — the accumulation period;
Ty, = 2At + Atg + Aty - time.
P, - Income verification process: P»(t) = A;i(t) + B;(t) + C(t) + Di(t) +
—i—EZ-(t) + Fi(t) + Gi(t) + R+1,,,i=1,...n
 ={a;}, ai,...,a, € A - citizenship;
= {b;}, (b1,...,b,) € B — family status;
= {a}, (a, cn) € C — absence of housing;
= {d;}, (dl, ., dy) € D — income level,
= {ei}, (
F; = {fz} (
G; =14}, (gl, o ,gn) € G - age;
R - the distribution of housing;
T,, = Aty + Aty + At. - time.
Py - Loan issuing process: Py(t) = Py(t)+H;(t)+K;(t)+Li(t)+Ji(t)+Tp,,

€1,...,6e,) € I/ — registration;

)
fi,-- -, fn) € F —scope of activities;

i=1,....n
= {h;}, (h1,...,hy,) € H — a down payment;
=1k}, (k1,...,k,) € K — real-estate appraisal;
L ={L}, (L, ... ) € L — re-checking documents;

Ji={7}, U1, ,jn) € J — year of construction of housing;
T,, = 2Ats + At - time.

5.3.4 Mathematical model for describing processes and steps

by the program “Military product"

X(t)=> Pi(t) = Po+ P;+ P, + P full time calculation.

According to the infographic (Appendix , Figure , the main stages of the
“Ockepn Oacrana” (Military product) program through the HCSBK are divided
into 4 processes. In this program, the process begins with the opening of a spe-
cial deposit in the Bank (Fs). Military personnel from the state receive housing
payments. And every month, the organization transfers the amount of housing
payments on deposit. Thus, the process of accumulating the down payment is go-

ing on. Next is the process of finding housing (P3) and income verification (P).
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At the end, a loan is issued (FPy).
Ps - Accumulation of a special contribution in housing construction

savings bank: Ps(t) = U;(t) + Ni(t) + Hi(t) + 1), i=1,... 1
= {ni}, (n1,...,n,) € N — availability of housing savings in the bank;
= {h;}, (h1,...,h,) € H — availability of housing savings in the bank;
Ui = {w;}, (u1,...,u,) € U — special deposit in the bank;
Ty, = Aty + Aty - time.
P; - Housing search process: P3(t) = J;(t) +1,,,i=1,...n
Ji =1{7i}, (1, -, Jn) € J — year of construction of housing;
T,, = Atz - time.
P, - Income verification process: P»(t) = A;(t) + B;(t) + C(t) + D;(t) +
+Ei(t) + Fi(t) + Gi(t) + Tp,, i=1,...n
= {a;}, a,...,a, € A - citizenship;

= {b;}, (b1,...,b,) € B — family status;
= {c}, (a1, cn) € C — absence of housing;
= {d;}, (dl, .,dy) € D — income level;
E; ={ei}, (e1,...,e,) € E — registration;
F,=A{fi}, (f1,..., fn) € F — scope of activities;

GZ = {gZ}a (917 SR 7gn) €G- age;
Tp2 = Atg -|- Atg —|— At&‘ - tlme
P, - Loan issuing process: Py(t) = Py(t)+H;(t)+K;(t)+Li(t)+Ji(t)+Tp,,

i=1,....n
-—{h} (hi,...,hy,) € H — a down payment;
= Ak}, (k1,...,k,) € K — real-estate appraisal;
L ={l;}, (Iy,... ) € L — re-checking documents;

Ji ={7:}, U1, ,]n) € J — year of construction of housing;
T,, = 2Ats + At - time.

5.3.5 Mathematical model for describing processes and steps
by the moregage program “Orda”

X(t)=>_ Pi(t) = P+ P3+ P, + Pj full time calculation.
According to the infographic (Appendix [C| Figure [C.7]), the main stages of
the program “Opga” (Orda) are divided into 3 processes. In this program, the
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process begins with an independent search for housing (Ps). After passing the
confirmation of income (P;) at partner banks, a loan is issued (FPy).

Ps - Housing search process: P(t) = J;(t) +1,,,i=1,...n

Ji ={7i}, (1, -, Jn) € J — year of construction of housing;

T, = Ats - time.

P, - Income verification process: P»(t) = M;(t)+ A;(t)+ D;(t) + G;(t) +
+T,, i=1,....n

M; = {m;}, (mq,...,m,) € M — the availability of other loans;

A; =A{a;}, ay, ... ,a, € A - citizenship;

D; ={d;},(dy,...,d,) € D — income level;

Gi = {9}, (91, -, 9n) € G - age;

T, = Aty + Atg + At - time.

P, - Loan issuing process: Py(t) = Py(t)+H;(t)+K;(t)+Li(t)+Ji(t)+T1p,,

1=1,. .,n

= {h;}, (h1,...,h,) € H - a down payment;
= {k;}, (k1,...,k,) € K — real-estate appraisal;
L ={l;}, (Iy,... ) € L — re-checking documents;

Ji =1{7:}, U1, ,jn) € J — year of construction of housing;
T, = 2Ats + Aty - time.

5.3.6 Mathematical model for describing processes and steps

by the program ‘“Baspana Hit”

X(t) =Y P(t) = P>+ P34+ P, + P, full time calculation.

According to the infographic (Appendix [C| Figure [C.5]),the main stages of
the “Bacnana Xut” (Baspana Hit) program are divided into 3 processes. In this
program, the process begins with an independent search for housing (P3). Re-
quirements After passing the confirmation of income (P,) at partner banks, a loan
is issued (Py).

P; - Housing search process: P3(t) = J;(t) +1,,,i=1,...n

Ji =474}, (41, ..., 7n) € J — year of construction of housing;

T, = Ats - time.

P, - Income verification process: P»(t) = M;(t)+ A;(t) + D;(t) + Gi(t) +
+1,,,1=1,...n
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M; = {m;}, (mq,...,m,) € M — the availability of other loans;

A; =A{a;}, a1, ... ,a, € A - citizenship;

D; ={d;},(dy,...,d,) € D — income level;

Gi={gi}, (g1, 9n) € G - age;

Ty, = Aty + Atg + At - time.

P, - Loan issuing process: Py(t) = Po(t)+H;(t)+K;(t)+L;(t)+J;(t)+T,

Pa>

i—=1,....n
= {h;}, (h1,...,hy,) € H — a down payment;
=1k}, (k1,...,k,) € K — real-estate appraisal;
L ={L}, (L,... ) € L — re-checking documents;

Ji={4}, (- ,]n) € J — year of construction of housing;
T, = 2At5 4+ Aty - time.

5.3.7 Mathematical model for describing processes and steps

by the program “Rental housing without redemption”

X(t) =>_ Pi(t) = P; + P full time calculation.

According to the infographic (Appendix [C], Figure the main stages of the
program “The rental housing without redemption” are divided into 2 processes.
To obtain rental housing, confirmation of the status of the needy is required ().
After determining the list of past points, a lease agreement is concluded (F).

P; - Submission of an application for status confirmation: P;(t) =
S+ Ai(t) + Bi(t) + Ct) + Di(t) + Ei(t) + Fi(t) + Ni(t) + T),,, i= 1,...n

S - Stage of obtaining an electronic digital signature (EDS);

= {a;}, a,...,a, € A - citizenship;

= {b;}, (b1,...,b,) € B — family status;
= {¢}, (1, .. cn) € C — absence of housing;
= {d;}, (d1,...,d,) € D — income level;

E; ={e}, (e1, ..., en) € E — registration;
F,=A{f:}, (f1,-.., fa) € F —scope of activities;
N; ={n;}, (ny,...,n,) € N — availability of housing savings in the bank;
T, = Aty + Aty + Atg + At. - time.
P; - Conclusion of a lease: Ps(t) = R+ T,,,i=1,....n
R - the distribution of housing;
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T,, = Aty + At. - time.

5.3.8 Mathematical model for describing processes and steps

by the program “Rent-to-own basis housing"

X(t) => Pi(t) = P, + P; + Ps full time calculation.

According to the infographic (Appendix [C], Figure the main stages of the
program “The rent-to-own basis housing” are divided into 3 processes. Education
and health workers confirm the status of the needy (P;). Applicants with the
highest score confirm solvency (P,). After this, a rental contract is concluded
(Fs).

P; - Submission of an application for status confirmation: P;(t) =
S+ Ai(t) + Bi(t) + Ct) + Dy(t) + Ei(t) + Fi(t) + Ni(t) + T),, i= 1,...n

S - stage of obtaining an electronic digital signature (EDS);

 ={a;}, ai,...,a, € A - citizenship;

= {b;}, (b1,...,b,) € B — family status;
= {ci}, (cq, .. cn) € C — absence of housing;
= {d;}, (d1,...,d,) € D — income level;

E; ={ei}, (eqy- .., en) € E - registration;
F,=A{f:}, (f1,-.., fa) € F —scope of activities;
T,, = Aty + Aty + Atg + At - time.
P, - Income verification process: P»(t) = A;(t) + B;(t) + C(t) + D;(t) +
+Ez~(t) + Fi(t) + Gi(t) + Tp,, i=1,... n
= {a;}, ai,...,a, € A - citizenship;

= {b;}, (b1,...,b,) € B — family status;
= {a}, (a1, cn) € C — absence of housing;
= {d;}, (dl, .,dy,) € D — income level;
E; ={e;}, (e1,...,e,) € E — registration;
F,=A{fi}, (f1,..., fn) € F — scope of activities;

Gi =19}, (91, 9n) € G - age;

T,, = Ats + At. - time.

Ps - Conclusion of a lease: Ps(t) = R+1,,i=1,...n
R - the distribution of housing;

T, = At7 + At, - time.
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6. Conclusion

The work performed in the research process: 1. Outlined the basic requirements
for each program for housing with the following symbols. (A, B,C, D, ..., U);
2. Conducted a synthesis of the process of obtaining housing on the main steps
and conducted an analysis of convergence, identity of processes and operations;
3. Classification and mathematical representation of processes (time period) and
parameters (citizenship, income, marital status, registration, down payment, etc.);

4. A comparative analysis is carried out.

The first chapter is [Introduction| chapter. Where we describe in detail, the

current situation in the housing market and the main problems faced by those

in need of housing. Chapter 2 is [Preliminariest Here we briefly described the

problem that needs to be solved.

In Chapter 3 analyzes data on the provision of housing for citizens of the
Republic of Kazakhstan. The ratios between the number of new apartments put
into operation by the number of newlyweds are calculated. As well as the ratio
between the number of new apartments commissioned and demographic growth.
And it was concluded that existing programs do not sufficiently satisfy housing
needs. This chapter also discusses the experience of foreign countries. Especially
the experience of Singapore, where 80% of the housing stock is public housing.
Singaporeans transfer monthly up to 37% to their own account in a special fund,
which goes including future retirement, insurance, and future expenses in the
form of real estate acquisition or payment for education. Including 17% deducted
by the employer, and 20% - the employee. Of these 37%, almost 23% go to the
investment account, from which the Singaporean can use the money to buy a
house or pay for education. For five years, the Singapore family has been saving
up for their apartment, and during this period, it cannot resell it [14]. In addition,

a family can only claim one apartment through such a mechanism. The analysis
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of foreign experience is very important for the development of domestic housing
programs, i.e. when developing new state programs for providing housing, it is
necessary to take into account the experience of other countries, and also use
mathematical models to calculate the effectiveness of this program.

In Chapter 4 discusses the main state housing programs in the Republic of
Kazakhstan. All the conditions of state and market mortgage lending programs
are described. Studying the housing market of the Republic, mortgage programs
for the acquisition of housing and rental housing are highlighted. Different pro-
grams are defined depending on the level of income. For large family and low-
income, there are programs with a low interest rate. For buyers with a high level of
income, as well as those who are not eligible for soft loans, there are market-based
mortgage programs. All types of programs are detailed in this chapter.

In the course of the analysis of housing acquisition programs, a housing info-
graphic was constructed. In infographics, the main steps and the necessary time
for passing the stages are clearly visible. Currently, there is no mechanism by
which the applicant for housing could determine the appropriate type of housing
program. Studying all the programs and all the requirements that must be met
to obtain housing, we developed a mathematical model.

In chapter 5, we analyze methods for constructing a mathematical model.
As a result, a mathematical model for the acquisition of housing was developed.
A separate mathematical model has been developed for each type of program.
Since each program has different requirements and steps. Program requirements
(citizenship, family status, down payment, lack of real estate, registration, etc.)
are the main parameters of the model. And the time spent on fulfilling the
condition when moving from one stage to another stage is the main parameter of
our mathematical model.

If, using the developed mathematical model, we write a program that will ask
the user all of his parameters and compare it with the requirements of the mort-
gage program, then the applicant will easily determine the options for acquiring
housing suitable for him. And this will serve to optimize the work of organizations
that work in the direction of consulting clients on how to purchase housing. Thus,
it is possible to remove the burden on contact centers, reduce the number of calls

to bank branches and public service centers, i.e. front office work.
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A. Appendix A

Figure and Figure are compiled for a visual comparison of the basic

requirements for each program.
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Figure A.1: Detailed consideration of the parameters
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Figure A.2: The main conditions of mortgage programs
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B. Appendix B

The basic requirements for housing can be seen in the following two tables.

Requirements Simbol i=l.n Possible options
1 |Citizenship A 1 Kazalkhstan
2 No citizenship
3 Double citizenship
2 | Family status B 1 married
2 single-parent family
3 orphans
4 disabled people 1, 2 groups
5 large families
3 | Absence of housing C 1 There is housing
2 No housing
4 |Income level D 1 up to 100 000 tg

(=]

from 100 00 to 300 000 tg

3 over 300 000 tg
5 |Registration. E 1 constant
2 up to 2 years
3 over 2 years
6 |Scope of activities F 1 individual entreprenenr
2 state employee
3 serviceman
4 the sphere of education
5 health care
6 pensioner

Table B.1: Primary requirements
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CONITMUAiion

Reguirements Simbol i=l.n Possible options
7 |Age G 1 under 18 years old
2 from 18 to 65 vyears old
3 over 65
£ |Down payment H 1 10%
2 20%
3 30-50%
9 |Year of construction of J 1 New
housing 2 Up to 50 years
3 Over 50 vears old
10 |Real-estate appraisal K 1 Up to 10 million
2 From 10 million - 40 million
3 Ower 40 million
11 |Re-checking documents L 1 Upto 5 days
2 5-10 days
3 15 and above
12 |Availability of other loans M 1 No loans
2 Have loans
13 |Awailability of housing N 1 There are accumulations
savings in the bank
2 No accumulation
14 |The accumulation period 0O 1 Upto 1 year
2 1-3 years
3 Over 3 vears
15 |Special deposit in the bank U 1 There is a housing payment
2 There is not have a housing payment

Table B.2: Primary requirements (continuation)
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Figure C.1: The rental housing without redemption
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