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u Kachanov P.V.

Assessment of the competitive environment
in the public utilities sector

The state of the competitive environment in the field of public utilities is one of the key factors determining
the efficiency of the housing and communal infrastructure. Increased competition in this area can have a sig-
nificant impact on the quality of services provided, their accessibility to the population, as well as on the mod-
ernization and development of public utilities.

Currently, the public utilities sector is characterized by a high degree of monopolization, insufficient level of
private investment and low innovation activity. This is due to a number of factors, including the difficulty of
entering the market for new players, the lack of effective public-private partnership mechanisms, the lack of
transparency of tariff formation, and the lack of development of the service quality control system. In addition,
the high deterioration of municipal infrastructure and insufficient funding for its modernization create addition-
al barriers to the development of competition.

To solve these problems, it is necessary to implement a set of measures aimed at developing competition in
the field of public utilities. This may include encouraging the transfer of public infrastructure facilities for con-
cession or lease, as well as creating favorable conditions for the participation of small and medium-sized busi-
nesses in the provision of public services. In addition, it is important to ensure transparency in the functioning
of the industry, improve tariff regulation and introduce modern digital technologies.

The implementation of such measures will increase the efficiency of the public utilities sector, improve the qual-
ity and accessibility of public services for the population, and create prerequisites for attracting private invest-
ment in infrastructure modernization. This, in turn, will contribute to the development of competition and in-
crease the competitiveness of the industry as a whole. Public authorities should play an important role in this
process by implementing a comprehensive policy of supporting and stimulating competition in the public util-
ities sector.

Keywords: competitive environment, public utilities, housing and communal infrastructure, monopoly, conces-
sions, modernization of public-private partnership, quality of services

Kachanov

Pavel Viadimirovich,
graduate student; Moscow State
University of Civil Engineering
(National Research University)
(MGSU); 26 Yaroslavskoe shosse,
Moscow, 129337, Russian Federa-
tion; Kachanov9696@mail.ru

he state of competition in the field of public
Tinfrastructure is one of the key factors deter-

mining the effectiveness of the functioning
of the municipal economy (public utilities — PU)
and the quality of public services provided to
the population. Despite the measures taken in re-
cent years to develop a competitive environment in
this industry, the situation with the level of compe-
tition remains complex and ambiguous.

The purpose of this article is to conduct a com-
prehensive assessment of the state of competition
in the field of modernization of municipal infra-
structure in the Russian Federation. To achieve this
goal, the following tasks were solved:

1. The concept of PU and what applies to it is
considered.

2. Analysis of the regulatory framework gov-
erning the development of competition in the agri-
cultural sector.

3. Assessment of the state of the competitive
environment in the modernization of municipal in-
frastructure.

4. |dentification of the main barriers to entry in
to the municipal infrastructure markets.

5. |dentification of key issues that hinder

the development of competition in the field of mod-
ernization of municipal infrastructure in the agricul-
tural KXsector.

6. Development of recommendations for im-
proving the competitive environment in the munici-
pal sector.

Regulatory and legal regulation of competition
development in the field of municipal infrastructure
is carried out on the basis of a number of federal
laws'" 234,

These regulatory legal acts provide for a num-
ber of measures aimed at developing a competi-
tive environment in the modernization of municipal
infrastructure in the agricultural sector, including:

e ensuring equal access to public infrastruc-
ture facilities;

e introduction of competitive procedures in
the selection of organizations for the mod-
ernization of municipal infrastructure;

e creating conditions for the participation of
small and medium-sized businesses in
the provision of services for the moderniza-
tion of municipal infrastructure' 2 34,

A public utility is a set of facilities and systems

that provide the population and organizations with

On the General Principles of Organization of Local Self-Government in the Russian Federation : Federal Law of 06.10.2003 No. 131-FL.

On Heat Supply : Federal Law of 27.07.2010 No. 190-FL.

1
2
3 On Water Supply and Sanitation : Federal Law of 07.12.2011 No. 416-FL.
4

On the contract system in the sphere of procurement of goods, works, services to meet state and municipal needs : Federal Law of

05.04.2013 No. 44-FL.
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Table 1. Share of organizations that occupy a dominant position
in the modernization of municipal infrastructure in 2023. Compiled
by the author*?*

Utilities segment Share of organizations, with the dominant position, %
Water sgpply 34
and sanitation
Heat supply 41.9
Electricity supply 52.7
Gas supply 61.2

basic public services necessary for a comfortable life and activity.
There are seven main elements in the public utilities system:

1. Water supply and sanitation.
. Heat supply.
. Power supply.

2

3

4. Gas supply.
5. Improvement of house territories.

6. Removal and disposal of solid household waste.

7. Operation of the housing stock.

To provide high-quality and affordable public services, timely

modernization of public infrastructure is required, which includes:

e updating and replacing worn-out networks;

e introduction of energy-efficient technologies;

e digitalization of municipal infrastructure;

e application of innovative materials and technologies.

Table 1 shows an analysis of the state of the competitive envi-
ronment in the field of modernization of municipal infrastructure for
2023, which shows that most of the agricultural markets are char-
acterized by a high level of concentration. Analysis of the present-
ed data shows that the most concentrated segments are electric-
ity and gas supply, where more than half of the market is controlled
by organizations with a dominant position. In the heat supply sec-
tor, the share of such organizations is also high and amounts to
almost 42 %. The situation is relatively better in the water supply
and sanitation sector, where the share of organizations with
a dominant position is just over 32 %.

The high market concentration in the key segments of KH is
due to the following factors [1]:

e high capital intensity of municipal infrastructure moderniza-

tion projects;

e significant investment and technological barriers to entry for

new players;

e uncompetitive market participants due to the lack of high-

tech equipment;

e historical structure of the industry.

The limited number of players in the utility markets leads to
a decrease in incentives to increase efficiency, introduce innova-
tions, and improve kathe quality of services provided to the end
user.

The limited number of organizations is due to the fact that
there are a number of barriers presented in Table 2, that prevent

Table 2. Barriers that prevent new organizations from entering the market to participate in the modernization of municipal infrastructure.

Compiled by the author [2]

Barrier

Description

High capital intensity

Construction and modernization of water supply, sanitation, and heat supply facilities require significant finan-
cial investments, which significantly limits the ability of new players to enter these markets

Technological
connectivity

Most of the KH networks and structures are unified technological complexes, which makes it difficult to split
them up and create conditions for competition

Administrative barriers

Procedures for obtaining technical specifications, building permits, and licensing activities in the agricultural
sector are often complex and opaque, which reduces the attractiveness of the market for new entrants

Imperfection of the regulatory framework

Imperfection of legislation in terms of regulating competitive relations, distribution of powers between author-
ities, and tariff formation creates additional risks for investors

5 Analytical report of the FAS Russia “State of competition in the housing and utilities sector in 2019”.
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> Table 3. The main problems hindering the development of a competitive environment in the field of modernization of municipal infrastructure.
Compiled by the author [4, 5]

Problem Description

Often, joint-stock companies, having administrative advantages, displace private
organizations from the market, which reduces the motivation of the latter to im-
prove the efficiency and quality of services provided

Description Maintaining the dominant position of joint-stock companies with
100 % municipal participation

Often, the selection of organizations for the repair of Cl is carried out according to
non-transparent schemes, using fictitious competitive mechanisms, which limits
the opportunities for new players to enter the market

Insufficient transparency of procedures for selecting organizations for Cl modern-
ization

The current methods of setting utility tariffs do not fully take into account
the competitive factor, which reduces the economic incentives for organizations
to improve efficiency

Imperfection of the system of tariff regulation in the field of CU

new organizations from entering the market to participate in
the modernization of public infrastructure.

In accordance with the National Plan for the Development of
Competition in the Russian Federation for 2018-20209, it was pro-
posed to reduce the number of state/municipal unitary enterprises
(hereinafter referred to as state unitary Enterprises). Municipali-
ties, in turn, solved this problem in a different way, by going
through the process of corporatization (100 % of the shares re-
main with the municipality), while retaining all the assets and work-
ing personnel of the organization. Thus, it was possible to pre-
serve the key role of already joint-stock companies in
the modernization and operation of Al facilities and at the same
time gain greater managerial and financial flexibility [3].

Examples of such organizations include:

* Mosvodokanal JSC, formerly Mosvodokanal State Unitary
Enterprise of the City of Moscow;

e JSC “T Plus” — a leading energy company specializing in
heat supply and modernization of heat supply systems for-
merly SUE “Volga Territorial Generating Company”;

® JSC “Teploset of Saint Petersburg” — is responsible for
the heat supply systems of the former State Unitary Enter-
prise “Fuel and Energy Complex of Saint Petersburg”.

In the course of our work, we can identify the following prob-
lems that hinder the development of a competitive environment in
the field of modernization of municipal infrastructure (Table 3).

In order to develop competition in the field of public utilities
and improve the efficiency of the functioning of public infrastruc-
ture, it is necessary to consider such a comprehensive direction
as promoting the development of private initiative and competition
in the provision of services for the modernization of public infra-
structure, including measuress to encourage the transfer of public
infrastructure facilities to concession, lease, as well as entrepre-
neurship in the provision of public utilities.

The implementation of this activity should include a number of
key elements:

1. A clear definition of the requirements for concessionaires,
selection criteria and conditions for concluding concession
agreements is an important element in creating favorable condi-
tions for the transfer of public infrastructure facilities to the con-
cession. Requirements for concessionaires should include their

financial stability and solvency, including the availability of suffi-
cient own funds and the ability to attract investment, as well as
a positive credit history and the absence of overdue obligations.
Equally important are the technical and managerial competencies
of concessionaires, including experience in implementing similar
infrastructure projects and the availability of qualified personnel
and an effective management system. The requirements should
also take into account the business reputation and reliability of
concessionaires, the absence of facts of violation of the law and
unfair behavior, as well as the presence of positive feedback from
previous partners and customers. The criteria for selecting con-
cessionaires should be as objective and transparent as possible,
taking into account financial, economic, technical and reputation-
al aspects, such as the proposed size of the concession fee or
investment, the timing and quality of planned reconstruction and
modernization of facilities, tariff policy and availability of services
for the population, as well as the financial model of the project and
sources of financing. The terms of entering into concession agree-
ments should clearly regulate the rights, obligations and respon-
sibilities of the parties, as well as mechanisms for regulating rela-
tions in the project implementation process, including the terms of
validity of the agreement, the procedure for transferring objects to
the concession and returning them, requirements for the volume
and quality of services provided, mechanisms for changing tariffs
and distributing risks, as well as application of penalties [6, 7].

2. Ensuring equal access of potential investors to information
about the objects and conditions of the concession is an impor-
tant condition for creating favorable conditions for the transfer of
municipal infrastructure facilities to the concession. It implies that
all essential information about the objects planned for transfer to
the concession, their technical condition, main characteristics, as
well as the conditions and requirements for concession agree-
ments should be made public and available to all interested inves-
tors on an equal basis. To do this, it is necessary to create a uni-
fied register or database for objects planned to be transferred to
the concession, with a detailed description of their characteristics
and condition. In addition, the terms and requirements for conces-
sion agreements, including terms, investment volumes, tariff poli-
cies, risk allocation and liability of the parties, should be clearly
regulated and publicly available. Holding open and competitive

6 On the main directions of State policy for the development of competition : Decree of the President of the Russian Federation No. 618 of 21.12.2017.
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concession tenders, where potential investors have equal access
to all necessary information, will ensure transparency and objec-
tivity of the selection procedures for concessionaires. This, in
turn, will help attract more private investors and promote competi-
tion in the implementation of public-private partnership projects in
the field of municipal infrastructure [6, 7].

3. The application of open and competitive concession bid-
ding procedures is also a key element in creating favorable condi-
tions for the transfer of public infrastructure facilities to the con-
cession. This implies that the selection process for concession-
aires should be as transparent as possible and based on equal
access for all potential investors to participate in competitive pro-
cedures. To do this, it is necessary to provide broad information
about the objects planned to be transferred to the concession, as
well as about the conditions and requirements for concession
agreements. Conducting open competitive procedures, in which
investors have the opportunity to submit applications and propos-
als on equal terms, will allow identifying the most effective and
competent concessionaires based on objective selection criteria.
Such criteria should take into account not only the financial, but
also the technical, managerial and reputational characteristics of
the participants. An open and competitive bidding process will
also ensure fair pricing for concessionary properties and help at-
tract more private investment in the modernization of municipal
infrastructure. In addition, transparent competitive procedures will
increase public confidence in the concession projects being im-
plemented and will contribute to the development of public-pri-
vate partnerships in this area [8].

4. The provision of tax benefits to concessionaires, such as
exemption from property tax in relation to objects transferred to
the concession, the application of a reduced income tax rate, as
well as the provision of an investment tax credit, is an important
mechanism for stimulating the transfer of municipal infrastructure
objects to the concession. These tax support measures can re-
duce the financial burden on concessionaires and thereby in-
crease their interest in participating in concession projects. Ex-
emption from property tax on objects transferred to the conces-
sion allows concessionaires to allocate the released funds for
their modernization and development. The application of a re-
duced income tax rate also increases the economic efficiency of
concession projects, making them more attractive to private in-
vestors. The provision of an investment tax credit encourages
concessionaires to invest in the reconstruction and construction
of municipal infrastructure facilities. The integrated application of
these tax benefits and preferences will reduce the financial risks
and costs of concessionaires, which, in turn, will help attract more
private investment in the modernization of municipal infrastruc-
ture [8].

5. Providing the possibility of setting economically reasona-
ble tariffs for concessionaires, it implies that the tariffs set for con-
cessionaires should take into account the real costs of operating,
repairing and upgrading facilities, as well as provide them with
the opportunity to make economically reasonable profits. To do
this, it is necessary to develop transparent and objective methods
for calculating tariffs that will take into account all the necessary
items of expenses of concessionaires, including energy costs,
staff remuneration, maintenance and repair of facilities, as well as
tax payments and planned profitability. In addition, it is important
to ensure that tariffs can be regularly indexed in accordance with
changes in the cost of resources and the level of inflation. This will
help maintain the financial stability of concession projects and

maintain their investment attractiveness in the long term. The es-
tablishment of economically reasonable tariffs will help attract
more private investors to participate in the modernization of mu-
nicipal infrastructure under concession conditions.

6. Application the mechanism of tariff indexation taking into
account inflation and cost changes. This mechanism assumes
that the tariffs set for concessionaires will be regularly reviewed
and indexed in accordance with changes in the main economic
factors. First of all, this concerns the growth of prices for energy
resources, materials, labor remuneration and other items of ex-
penditure related to the operation and modernization of municipal
infrastructure facilities. In addition, tariffs should be indexed to
reflect the overall level of inflation in the economy. Such linking of
tariffs to actual costs and economic dynamics will ensure the fi-
nancial stability of concession projects and maintain their invest-
ment attractiveness in the long term. Regular tariff indexation,
which takes into account rising costs and inflationary processes,
gives concessionaires confidence in the ability to cover their
costs and make the necessary profit, which encourages them to
participate in the modernization of public infrastructure on
the terms of public-private partnership [7, 9].

The implementation of the proposed measures will contribute
to the development of a competitive environment in the field of
modernization of municipal infrastructure, improving the efficiency
of public utilities, improving the quality and availability of public
services [10].

The conducted research has shown that the state of competi-
tion in the field of modernization of municipal infrastructure in
the Russian Federation is characterized by a high degree of con-
centration of most utility markets, the presence of significant bar-
riers to entry for new players, and imperfection of regulatory and
tariff policies.

The main problems hindering the development of competition
in the public utilities sector are: the preservation of the dominant
position of former state unitary enterprises/municipal units, and
now joint-stock companies, the lack of transparency in the proce-
dures for selecting organizations providing services for the mod-
ernization of energy supply systems, the imperfection of the tariff
regulation system, and the insufficient development of infrastruc-
ture for the implementation of energy service contracts [11, 12].

To overcome these problems and create conditions for the de-
velopment of a competitive environment in the field of moderniza-
tion of municipal infrastructure, it is proposed to implement a set
of measures to encourage the transfer of municipal infrastructure
facilities to concession, lease, as well as create conditions for
small and medium-sized businesses in the provision of public ser-
vices.

The implementation of the proposed measures will contribute
to improving the efficiency of public utilities, improving the quality
and accessibility of public services for the population [13-15].
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OueHKa cOCTOSAHUSA KOHKYPEHTHOW cpeabl
B cchepe KOMMYHaNIbHOro Xo3sicTea

CoCTOsIHNE KOHKYPEHTHOM cpefibl B cdhepe KOMMYHaNbHOMO XO-
391CcTBa ABNSAETCA OAHUM U3 KIOYEBLIX (DAKTOPOB, Onpeaens-
OLLUMX 3DPEKTUBHOCTL PYHKLMOHNPOBAHUSA XUAULLHO-KOMMY-
HanbHOW MHPPaCTPYKTYpbI. [NOBLILLIEHNE KOHKYPEHLMN B 3TOWM
chepe CrnocobHO oKasaTb CYLLIECTBEHHOE BIINSAHME Ha KadecT-
BO MpefocTaBnsieMbIX YCNyr, X AOCTYNHOCTb AN HAaceneHus,
a TakXe Ha MoAepHM3aLnio U pa3BUTUE KOMMYHasbHbIX CUC-
TEM.

B HacToslee BpeMs oTpaciib KOMMYHanbHOro X03aMCTBa Xa-
pakTepu3yeTcsi BbICOKOVW CTEMEHBIO MOHOMONM3aLUMKW, HeJocTa-
TOYHBIM YPOBHEM YACTHbIX MHBECTULMIA U HU3KON MHHOBALMOH-
HOW aKTMBHOCTbIO. OTO 06YCMNOBNIEHO PAAOM (HakTopoB, B TOM
4yucne CMOXHOCTbIO BXOAa Ha PbIHOK ANs HOBbIX UIPOKOB, OT-
CyTCTBMEM 3(D(PEKTUBHBIX MEXAHW3MOB rOCYAapCTBEHHO-4ACT-
HOro MapTHepCTBa, HEMPO3Pa4yHOCTbIO Tapudoo6pasoBaHus
W HEPa3BUTOCTbIO CUCTEMbI KOHTPONS KavecTBa ycnyr. Kpome
TOro, BbICOKasi U3HOLLEHHOCTb KOMMYHaIIbHOW UHDPACTPYKTY-
pbl M HefocTaTo4YHOe (hMHAHCUMPOBaHWe ee MoAepHU3aLUnm Co-
30al0T AOMNOJIHUTENbHbIE 6apbepbl AN Pa3BUTHA KOHKYPEHLMN.

Onsi peLueHus 3TUX Npo6ieM HEO6X0AMMO peanv3oBaTh KOM-
NMeKc Mep, HanpaBrieHHbIX HA Pa3BUTUE KOHKYPEHLUK B cde-
pe KOMMYHanbHOro Xo3a/icTBa. ATO MOXeT BKMoYaTb B CE6S
CTUMYyNIMPOBaHVe Nepeaayn 06bLEKTOB KOMMYHamNbHOW MHpa-
CTPYKTYpbl B KOHLIECCUIO, apeHdy, a TakxXe co3faHue 6naro-
NPUSATHBIX YCIIOBUI ANsi y4acTUs Cy6GbeKTOB Maroro 1 cpefHe-
ro NpeanpvHUMaTenbCTBa B OKa3aHUM KOMMYHambHbIX YCITyT.
Kpome Toro, BaXHO 06€cneymnTb Npo3payHOCTb (PYHKLMOHMUPO-
BaHWUs OTPaciu, COBEPLUEHCTBOBaHUE TapudHOro perynnpoBa-
HUSI U BHEOPEHWNE COBPEMEHHbIX LMPPOBLIX TEXHONOIUA.

BHeppeHvne Taknx Mep No3BONUT MOBbLICUTb 3MPEKTUBHOCTb
paboTbl KOMMYHaNIbHOTrO KOMMAEKCa, YNYyyLINTL Ka4eCTBO U A0-
CTYNHOCTb KOMMYHalbHbIX YCNYr A5 HACENEeHWs, a Takxe Co-
3paTb NPeAnoChINKN AN NPUBNEYEHNA YACTHbIX MHBECTULIMNA
B MOAEPHMU3aLMI0 UHPPACTPYKTypbl. OTO, B CBOIO 04epenb,
6yneT cnoco6CcTBOBaTL Pa3BUTUIO KOHKYPEHLMM U MOBbILLIE-
HWIO KOHKYPEHTOCMOCO6HOCTU OTpacnu B LienoM. BaxHyto ponb
B 9TOM MpoLecce AOMKHbI CbirpaTb OpraHbl FOCYAapCTBEHHOM
BMacTu, peanu3ys KOMMIEKCHYIO NOMUTUKY NOAAEPXKN U CTU-
MYJIMPOBaHUSI KOHKYPEHLUMM B cdhepe KOMMYHANbHOro X03si1-
cTBa.

Knro4eBble cnoBa: KOHKYPEHTHas cpeda, KOMMYHaslbHOe XO-
3AVMCTBO, XWUINLHO-KOMMYHAa/IbHas MHPaCTPYyKTypa, MOHO-
rosns, KOHLUEeccun, MogepHU3aLus rocy[apcTBeHHO-4aCTHOro
napTHepcTBa, Ka4ecTBO yCryr
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Comfortable living environment as a priority
for regional development

In recent years, the number of urban population in the total population of the Russian Federation, as well as
in the whole world, has been increasing, together with the global trend of population aging, this determines
the formation of a comfortable living environment as a priority for the development of regions and individual
territories of the Russian Federation. To complete the study, attention is paid to the experience of taking into
account the needs of low-mobility groups of the population in international practice, using the example of dif-
ferent countries. The study identified factors, trends and key trends that have a direct or indirect impact on
the formation of a request for a comfortable living environment in the modern realities of the Russian Federa-
tion, taking into account the needs of low-mobility groups of the population, including the elderly. The research
is based on the principle of consistency, which involves considering the object of research as a complex sys-
tem consisting of many interrelated elements. The object of the study is a comfortable living environment in
the cities of the Russian Federation, and the subject is the tools for creating a comfortable living environment
in the cities of the Russian Federation. The methodological basis of the research consists of various methods
of scientific cognition, such as content analysis, factor analysis, statistical data analysis, methods of system-
atization, grouping, generalization, as well as graphical data visualization techniques. The paper decomposes
the process of forming a comfortable living environment, taking into account the needs of low-mobility groups of
the population through the tools of graphical notation. The analysis of the decomposition of the process made
it possible to identify the shortcomings of the process of forming a comfortable living environment in its exist-
ing form and determine the directions of further research in order to develop it.

Keywords: comfortable living environment, trends, low-mobility population groups, context diagram, graphical
notation IDEFO

INTRODUCTION the Russian Federation)? presents major challenges at

the current stage of the country's development, in-
cluding those caused by demographic changes, in-
creased life expectancy and changes in people's life-
style, which leads to an aging population. This creates
a number of social problems in modern post-industrial
society. Solving these problems requires an integrated
approach, including social, economic and urban plan-
ning spheres, i.e. creating conditions that make life in
the urban environment comfortable, safe and con-
venient for all its inhabitants, including with the aim of
integrating the elderly population into society, which,
together with the increasing level of urbanization in
the Russian Federation, determines the desire to cre-
ate a comfortable living environment as a priority for
the development of the regions. The need to develop
strategic directions for the formation of a comfortable
living environment, taking into account the needs of
elderly people, was considered earlier in [1]. At
the same time, the process of forming a request for
a comfortable living environment, and the very system
of forming a comfortable living environment in modern
Russian cities, is of interest for the current study.

The approved strategic documents of the Rus-
sian Federation directly or indirectly define the direc-
tions of economic development and social produc-
tion, an important aspect of which is to improve
the quality of life of the population. According to
the Decree of the President of the Russian Federa-
tion “The national development goals of the Russian
Federation for the period up to 2030 and for the fu-
ture up to 2036"" improving the quality of life is des-
ignated as the national development goal of
the country, which is essentially impossible without
creating a comfortable living environment. Therefore,
the importance of creating comfortable and safe liv-
ing conditions for the population is especially em-
phasized, which is relevant in a situation when both
the total urban population in the country and the pop-
ulation over working age, which is more sensitive to
the level of comfort of the living environment, is in-
creasing (Fig. 1).

The problems of modern society, including those
caused by the aging of the population, are reflected
in the documents of world organizations (WHO, UN),
as well as in the strategic development documents
of many countries®. For example, the Strategy of Sci-
entific and Technological Development of the Rus-
sian Federation (Decree of the President of

RESEARCH METHODS AND PRINCIPLES

The research is based on the principle of con-
sistency, based on the consideration of the object of

1 On the National Development Goals of the Russian Federation for the period up to 2030 and for the future up to 2036 : Decree of
the President of the Russian Federation dated 05.07.2024 No. 309. URL: http://kremlin.ru/events/president/news/73986 (accessed: 05.10.2024).

2 National programmes for age-friendly cities and communities : a guide. Geneva : World Health Organization, 2023. License: CC BY-NC-
SA 3.01GO.

3 The Strategy of Scientific and Technological Development of the Russian Federation : Decree of the President of the Russian Federation
dated 02.28.2024 No. 145. URL: http://www.kremlin.ru/acts/bank/50358 (accessed: 05.02.2024).
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Structure of the urban population of the Russian Federation by age groups
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Fig. 1. Structure of the urban population group in the Russian Federation by age groups*

research in the form of a complex system, as a set of cause-effect
and functional relationships. The methodological basis of the re-
search is a set of methods of scientific cognition: content analysis,
factor analysis, analysis of statistical data, methods of systematiza-
tion, grouping, generalization, as well as graphical methods of data
visualization. Data analysis allows you to mentally decompose
the subject into its component parts, therefore, in order to study in
more detail, the system of forming a comfortable living environment
in the city, the tools of the Ishikawa causal diagram are actively used.
In addition, the graphical notation of the IDEFO family has been ap-
plied, which allows visualizing the formation of a comfortable living
environment in the form of a process for its further analysis and de-
termining the directions of further research in order to develop it.

The object of the study is a comfortable living environment in
the cities of the Russian Federation.

The subject of the study is the tools for creating a comfortable
living environment in the cities of the Russian Federation.

DISCUSSION

In Fig. 2 the key trends of modernity are highlighted, which, in
our opinion, have an impact on the creation of a comfortable urban
environment.

Trend No. 1. The formation of a comfortable living environment
occurs primarily through the creation of comfortable living and working
conditions, therefore, the increment of a high-quality fund of residential
real estate in conjunction with the development of infrastructure has
a direct impact on the level of comfort of the living environment.

The paper [2] analyzes the situation in the Netherlands, where the state
strategy is aimed at maintaining elderly people in their usual place of
residence, at separating places of residence and caring for them and
replacing the institutional lifestyle with a non-institutional one.

Trend No. 2. The increase in the number of elderly people indi-
cates an increase in the number of people with limited mobility
(LMGP), because according to regulatory sources®, people with tem-
porary disabilities, pregnant women, the elderly, people with strollers,
etc., also belong to the category of people with limited mobility, in
addition to the disabled. This means that a comfortable living envi-
ronment should take into account the needs of the LMGP. The or-
ganization of living conditions for the elderly requires special atten-
tion, which affects the development of alternative forms of living
environment that make it possible for them to integrate into the econ-
omy and socialization. This thesis is confirmed in the publication of
Thai researchers [3]: the provision of public amenities and social
services that promote healthy aging in an urban environment ensures
that older people will feel comfortable aging in their homes, since
a favorable living environment for older people should support their
social activity. This study showed that landscaping, interest clubs for
the elderly, medical and social care services, as well as social activ-
ity services played an important role in the social status and health
status of elderly people, therefore, developers and authorities should
take this into account when creating a comfortable urban living envi-
ronment.

Trend No. 3. This trend is based on the principles of sustainable
development, i.e. there is a desire to create environmentally

1 Infrastructure and housing 2 | Aging of population

| 3| Sustainable development

development

\ Creating a comfortable

living environment

Fig. 2. Key trends affecting the formation of a comfortable living environment (made by the author)

4 The population of the Russian Federation by gender and age, Federal State Statistics Service. URL: https://rosstat.gov.ru/compendium/document/13284 (accessed: 02.21.2024).
5 SP 59.13330.2020. SNiP 35-01-2001. Accessibility of buildings and structures for low-mobility groups of the population. URL: https:/minstroyrf.gov.ru/docs/117294/ (accessed:

05.02.2024).
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Fig. 3. Ishikawa diagram “Forming a request for a comfortable living environment that takes into account the needs of LMGP” (made by the author)

friendly urban spaces, reduce energy consumption and apply in-
novations to improve the quality of life of citizens.

Trend No. 4. In addition to the process of urbanization, i.e.,
the growth and development of cities, and, consequently, the growth
of the urban population, the trend of “competition for people in mod-
ern cities” identified in an earlier study [4] should be attributed to in-
fluencing the development strategies of municipalities, since a direct
relationship between the level of urban quality has been mathemati-
cally proven the environment and the population of the city.

Trend No. 5. Interaction of the population, executive authorities
and business to create a comfortable living environment in cities, i.e.
the development of partnership between participants in the system
of creating a comfortable living environment. Similar prerequisites
can be traced in the research of Japanese scientists, because
the problem of population aging in Japan is very acute. The study [5]
focuses on the importance of the active participation of all stakehold-
ers and local enterprises and business structures in the urban plan-
ning process. The main task is to create conditions optimal for im-
proving the well-being of elderly people, providing them with
the opportunity to lead an active and safe life in society.

Trend No. 6. Digitalization of the economy contributes to
the creation of modern so-called “smart” cities.

All of the above trends represent important aspects of the de-
velopment of urban planning and the urban environment in the re-
gions of the Russian Federation, aimed at creating modern, sustain-
able and convenient cities that improve the quality of life of

the population and the level of comfort of living for all categories of
citizens, as well as contributing to the implementation of the state
policy of people saving in the Russian Federation.

The development of the living environment, namely: the forma-
tion of a comfortable living environment occurs in accordance with
the fundamental economic law of supply and demand. The demand
formed by the population, i.e. the consumer of construction prod-
ucts, entails the development, and as a result, an increase in
the level of comfort of the elements of the living environment.

The Ishikawa causal diagram® presented in Fig. 3 reflects
the factors that, in our opinion, influence the consumer's request for
the formation of a comfortable living environment that takes into ac-
count the needs of LMGP. It includes such elements as possible
economic and social effects from increasing the comfort level of
the living environment, population growth, which belongs to
the LMGP category, changes in social values and norms in the sys-
tem of worldviews, legislative and regulatory acts in the field of ur-
ban planning and social protection of the population, as well as
technological progress and urbanization.

The harmonious development of urban settlements takes into
account both social, economic, environmental and cultural as-
pects. It is important to note the mechanism of integrated territo-
rial development (ITD), which has been actively developing in re-
cent years, which is designed to ensure the fulfillment of the law of
supply and demand in the formation of a comfortable living envi-
ronment’. The ITD of the city is an important and modern way to

6 Ishikawa Cause-and-Effect Diagram. URL: https://up-pro.ru/encyclopedia/diagramma-isikavy/ (accessed: 04.17.2024).

7 The Russian Federation. Laws. Amendments to the Urban Planning Code of the Russian Federation and Certain Legislative Acts of the Russian Federation in order to ensure
the integrated development of Territories : Federal Law No. 494-FL : adopted by the State Duma on 12.12.2020 : approved by the Federation Council on 12.25.2020. URL: https://docs.cntd.ru/

document/573249809 (date of application: 04.15.2024).
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create a comfortable living environment for its residents, since
modern citizens live outside their apartments, they tend to live in
residential complexes whose services are able to meet the full
range of their needs. Therefore, an important question remains how
much the ITD takes into account the requests of both elderly people
and other people with limited mobility. In view of this, the key ele-
ment in the formation of a comfortable living environment, in our
opinion, is to take into account the needs and wishes of local resi-
dents. This can be achieved through surveys, public hearings,
the creation of public councils and the use of other feedback tools.
The publication [6] defines the importance of sociological research
in assessing the quality and development of the living environment,
in this context it is interesting to consider the experience of a Hong
Kong company specializing in real estate development. They con-
ducted a survey among the elderly and those who care for them to
find out their opinion about the services provided. The study was
conducted by a specialized marketing company using question-
naires and subsequent focus groups, which allowed them to take
into account the wishes of local residents in their further work [7].
Graphical notations of the IDEF (Integrated DEFinition) family
are excellent for visualizing the process®. For functional modeling,
the subtype of this family, IDEFO, is applicable, it will allow you to
create a conceptual model of a system for creating a comfortable

living environment, since the constituent elements of this subtype
of graphical notation correspond to the classical set of constituent
elements of any system, i.e. there are inputs and outputs of
the system.

At the first stage of creating a graphical notation of the IDEFO
family, the state is defined as a participant in the process, from
whose point of view the entire process of creating a comfortable
living environment is considered, taking into account the needs of
LMGP.

The second stage defines the purpose of the diagram —
an analysis of the process of forming a comfortable living environ-
ment, taking into account the needs of LMGP and determining pos-
sible directions for its development.

Fig. 4 shows a zero-level contextual diagram reflecting the sys-
tem of creating a comfortable living environment taking into account
the needs of LMGP.

In the centre there is a functional block (AO), which represents
the system as a whole in a context diagram. Adjacent to the func-
tional block are arrows reflecting “input”, “output”, “control” and
“mechanisms”. The entry arrows reflect the source documents,
conditions, and resources. The control arrows introduce variou.
rules and restrictions into the system and have a controlling effect.
The arrows of the mechanism reflect immutable resources, without

S| e
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Fig. 4. Contextual diagram of the system for creating a comfortable living environment in the graphical notation of the IDEFO family (made

by the author)

8 IDEF Notations and families. URL: https://piter-soft.ru/knowledge/glossary/process/notatsii-semeystva-IDEF.html (accessed: 03.21.2024).
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which the process cannot be completed. The exit arrows essen-
tially reflect the outcome of the process, outgoing documents, and
resources. Thus, the system of forming a comfortable living environ-
ment was graphically visualized in a generalized format using
the example of constructing a context diagram in the graphical no-
tation of the IDEFO family.

MAIN RESULTS

When drawing up graphical notations, the level of detail of
the process can be increased. Fig. 5 shows the decomposition of
the process shown in Fig. 4. The secondary or child diagram con-
tains a number of functional blocks (A1, A2, A3, A4) that display
the main subfunctions of the original functional block (AQ) on
the context diagram.

The analysis of the decomposition of the process made it pos-
sible to identify the shortcomings of the process of forming a com-
fortable living environment in its existing form and determine the di-
rections of further research in order to develop it:

1. To monitor the current level of comfort of the living environ-
ment (A1), a methodology is needed to assess the level of comfort
of the living environment in the city, taking into account the opinion
of the population and the needs of the LMGP.

2. The analysis of functional block A2 revealed the need to de-
velop options for organizational, managerial and urban planning
solutions that allow developing alternative forms of living environ-
ment for the purpose of socialization and integration of LMGP and
in particular elderly people into modern post-industrial society.

3. The analysis of the A4 functional block revealed the following
areas of work:

e the formalization of the decision-making procedure and
the implementation of the integrated development of the terri-
tory will allow the introduction of options for organizational,
managerial and urban planning decisions at the legislative
level;

the introduction of the practice of variable modeling of the liv-
ing environment, in particular, into the practice of integrated
development of urban settlements territories, will allow choos-
ing the best design solutions from the point of view of infra-
structure balance, which allows taking into account the needs
of LMGP;

the activities of developers are aimed at making a profit from
their activities, therefore, assessing the socio-economic ef-
fects of increasing the comfort level of the living environment
is an integral part of the economic development of the re-
gions and allows developers to engage in the implementation
of investment and construction projects with an increased

KomdcpopTHasa cpefa npoXxuBaHUA
KaK NpUuopuTeT pasBUTUA PermoHoB

B nocnepHue rogbl YACNEHHOCTb FOPOACKOrO HacesleHns B 06-
e YNCIIEHHOCTWN HaceneHus cTpaHbl B Poccuickon depepa-
LUnn, Kak 1 B LLlefloM B MUpe, yBenu4ymMBaeTcs. B coBokynHocTH
C 06LLEMMPOBON TEHOEHUMEN CTApPEHUS HaceneHus 3TO onpe-
nensiet opmMmnpoBaHne KOMOPTHOM cpefabl MPOXUBaHUSA Kak
NPUOPUTET PasBUTUS PEFMOHOB U OTAENbHBLIX TEppUTOpUn Poc-
cuickon ®epgepaunn. [Ana NonHOTHI UCCE[OBaHUA yaenseTcs
BHVMMaHWe onbITy y4yeTa NoTpebHOoCTEN MaroOMOBUABHbIX FPymnn
HaceneHus B MeXAyHapoaHOW NpakTuke, Ha npumepe pasHbix

level of comfort, taking into account the needs of LMGP in
the region.

CONCLUSION

Creating comfortable living conditions in modern Russian cities
is an urgent problem of regional development, requiring the collec-
tive work of all participants in this process from the population to
public authorities. The areas of work identified with the help of graph-
ical notation tools pose new challenges to the scientific community
for further research in the field of creating a comfortable living envi-
ronment in Russian cities, which will contribute to the collective re-
sponse of modern society to the great challenge for the scientific and
technological development of the country as a whole associated with
demographic aging of the population. This is the only way to create
comfortable living conditions in Russian cities that contribute to im-
proving the quality of life and well-being for all citizens.
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cTpaH. B xoge npoeBefeHHOro nccnefoBaHns 6biv BbISBEHbI
hakTopbl, TEHAEHUMM N KNIOYEBbIE TPEHAbI, OKa3biBaloLLME He-
nocpeAcTBEHHOE UMM KOCBEHHOE BiMSHME Ha hopMUpOBaHue
3anpoca Ha KOMMOPTHYIO cpefy NPOXUBAHUA B COBPEMEHHbIX
peanusix Poccuiickoi ®egepaunm ¢ y4eTom notpebHocTen Ma-
NOMOGUIBbHBIX FPYNM HAaceneHus, BKNoYasa Mogen noXxunoro
Bo3pacTa. iccnegoBaHue onvpaeTcsa Ha MPUHLMN CUCTEMHOCTH,
KOTOPbIV MpepnonaraeT paccMoOTpeHMe 06beKkTa uccrnefosa-
HUS B BUAE CNOXHOW CUCTEMbI, COCTOSILLIEN U3 MHOXECTBAa B3a-
MMOCBA3aHHbIX anemMeHToB. O6BLEKTOM UCCNefoBaHUS BbICTY-
naeTt kKomdopTHas cpefa nNnpoxunsaHus B ropogax Poccuiickomn
depepaumun, a NpegMeToM — WHCTPYMEHTbI (DOPMUPOBAHMSA
KOMM)OPTHOW Cpefbl NpoXxuneaHua B ropogax Poccuiickon de-
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nepaunn. MeTofonornyeckyo 0CHoBY UCCNefoBaHUs COCTaBNsA-
10T pasnvyHble METOAbI HAy4YHOr0 NO3HAHUSA, TAKMEe KaK KOHTEHT-
aHanua, PakTopHbIA aHann3, aHanua CTaTUCTUYECKUX AaHHBbIX,
MeToAbl cMcTemaTusaumu, rpynnmpoBKKU, 0606LLEHUS, a TaKkxXe
rpaduyeckme NnpuemMbl BU3yanu3auum faHHbix. B ctatee Bbinosn-
HEeHa JeKomno3uuus npouecca popMmMpoBaHns KoMopTHOW
cpefbl NPOXMBaHUA C y4eTOM MOTPebHOCTEN ManoMOBUIbHbIX
rpynn HaceneHus NocpeAcTBOM UHCTPYMEHTapUs rpacuyeckon
HOTauun. AHanu3 AeKomno3unummn npoLiecca No3BOAMN BbIABUTb
HepJocTaTku npouecca hopmMnpoBaHns KOMGOPTHOW cpeabl Npo-
XWBaHWSA B CYLLECTBYIOLLEM BUAE 1 ONPeaennTb HanpaBeHus
OanbHenLwnXx uccnegoBaHui B LENSX ero passuTtus.

Knro4deBble cnoBa: KOMOPTHas cpeaa rnpoXxXmBaHus, TPeHAbI,
MasioMobuIibHbIe rpynibl HACENEeHWs, KOHTEKCTHas anarpaMma,
rpaguyeckas Hotayms IDEFO
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Development of warehouse infrastructure
serving the process of construction
of real estate objects in the housing market

The paper considers the main directions and rates of development of the construction production of residen-
tial real estate and the commissioning of residential facilities. In addition, an analysis of statistical data was car-
ried out that reflect the dynamics of such development in Russia. Also, the paper considers the issue of the ef-
fectiveness of the implementation in practice of the main methods of constructing multi-storey buildings, taking
into account the modern development of construction production and the requirements of the housing market.
The role of warehouse real estate in the general production process of the construction of real estate is also de-
termined. The construction of such real estate is inherently linked to the level of development of the industrial and
social infrastructure of the region in which the construction of structures is carried out. These facilities are part
of the maintenance processes, on which the development of the main production processes for the construction
of multi-storey buildings in the housing market largely depends directly. The obtained statistics on housing com-
missioning allows to predict an increase in the growth rate of construction, which largely determines the choice
of construction methods under the influence of environmental factors that lead to various changes in the course
of development of production processes. To date, several fairly large developers have formed in the real estate
market, which, on the one hand, have large financial capabilities, on the other hand, introduce large volumes
of housing. The construction of a monolithic apartment building, in some cases, may be less economically effi-
cient than the construction of similar areas already made of panels or blocks. Based on this forecast, it is nec-
essary to analyze how modern warehouse infrastructure will be ready for possible changes in the field of apart-
ment construction.

Keywords: development, real estate, warehousing, industrialization, logistics, warehouse infrastructure, sup-
porting industry

INTRODUCTION and structures within warehousing infrastructure,
focusing on their impact on the rate of housing com-
missioning for high-rise buildings, the stability of
production process development, and the activities
of construction organizations.

The empirical basis of the study includes statis-
tical and other informational sources, materials
characterizing the production and economic activi-
ties of developers, expert evaluations, legislative
acts, and other regulatory documents in the con-
struction sector.

The development of construction production is
associated with the need to address complex chal-
lenges. This requires considering the main trends in
housing market growth, the specific features of
the construction of real estate structures, and
the need to develop appropriate measures to sup-
port a positive trend in the pace of commissioning
high-rise buildings into the housing market.

The activities of enterprises within the construc-
tion sector in the housing market are largely deter-
mined by the extent to which essential production
processes are supported by various buildings and
structures, which ensure the stable operation of di-
verse supporting production processes. Additionally,
the development of warehousing infrastructure signifi-
cantly influences the utilization level of the organiza-
tional and technological potential of construction or-
ganizations, while also considering the mobility and

RESULTS

Current trends in the construction industry indi-
cate an increase in the growth rate of residential
real estate construction. Market demand for new
housing is being met by developers, resulting in
an accelerated annual increase in the square foot-
age of commissioned housing over the past several

uncertainty conditions of construction production.

MATERIALS AND METHODS

The research methods applied in this study in-
clude theoretical analysis and empirical investiga-
tion, followed by the generalization and systemati-
zation of obtained data. In addition, the primary
scientific approaches used were: “dialectical”, “sys-
tematic”, “dynamic”, “variant”, “balance” and “mod-

elling”. The object of the study comprises facilities

years. This is evidenced by statistical data (Fig. 1)".
This figure shows that the commissioned square
footage of individual residential homes in Russia is
steadily increasing, while the square footage of apart-
ment buildings remains relatively stable, with a slight
recession. The dynamics of these developmental
trends can be described by the following equations:

Y =114 - x> — 463,410 - x + 468,269,752, (1)

Y =351 -x2 - 1,415,819 - x + 1,427,781,558, (2)

1 Unified Information System of Housing Construction NashDom.RF. URL: https://xn--80az8a.xn--d1aqgf.xn--p1ai/ (Accessed on October 27, 2024).
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Fig. 1. Dynamics of residential real estate commissioning in Russia by year’

where equation (1) describes the trend in the development of multi-
apartment housing construction, while Equation (2) pertains to indi-
vidual housing. These equations enable the forecasting of the on-
going trend of growth in the volumes of individual housing
construction, alongside a further decline in multi-apartment con-
struction, which will create a significant disparity in growth rates by
the end of 2024.

Despite the predominance of individual housing construction
across the country as a whole, the situation may vary significantly
depending on the region. This conclusion can be drawn by analyz-
ing the statistics for the city of Moscow (Fig. 2).

The trends for the first and second types of housing can be
described by Equations 3 and 4:

Y =15.05 - x* - 60,333.70x + 60,455,990; (3)

Y =-13.18 - x2+ 53,359.38x — 54,005,378, (4)
where equation (3) describes the trend in the construction of multi-
apartment buildings, while equation (4) pertains to individual housing.
These equations enable the forecast that the area of individual housing
completions will remain at the same level, whereas multi-apartment
construction shows a tendency to increase. Thus, it is evident that in
Moscow, the primary square footage of residential real estate is pro-
vided by the construction of multi-apartment buildings. This is primar-
ily due to the high population density and land costs in Moscow.

The heterogeneity of housing construction conditions across
different regions of the country presents certain necessary require-
ments for the objects and facilities that support production process-
es, particularly for warehousing infrastructure [1]. The construction
of large multi-apartment buildings requires significant investments
not only in labor and machinery but also in substantial volumes of

various materials, ranging from construction materials for load-
bearing and enclosing structures to various network components
and equipment. It is also worth noting that this heterogeneity may
apply not only to residential real estate but also to industrial or com-
mercial properties [2, 3].

Improving the efficiency of core production by enhancing
the performance metrics of supporting industries is one of the main
approaches to mitigating risks for both specific projects and the in-
dustry as a whole [4, 5]. To enhance the effectiveness of manage-
ment, organization, and coordination of cargo transportation, it is
crucial to accurately identify the existing characteristics and types
of warehouses that define the role of warehousing infrastructure in
logistics systems [6-8].

To address this, a classification of warehouse real estate has
been developed, taking into account its diversity based on various
parameters and criteria, which is presented in Table.

Examine each parameter of this classification in detail.

Purpose of the Warehouse. This parameter aims to determine
the intended use of the facility. For instance, warehouses at manu-
facturing enterprises are primarily designed for storing finished
products before they are dispatched further along the production
chain or directly to consumers [9]. These warehouses are located
at industrial facilities. Customs warehouses, on the other hand, also
serve as transshipment points for finished products; however, their
location is not tied to a specific manufacturing process and, in
the case of bonded warehouses, they possess a special economic
status. Trade and logistics complexes must be capable of accom-
modating a wide variety of goods, which requires greater versatility
compared to warehouses associated with production, where
the majority of products tend to be standardized. Specialized ware-
houses, unlike others, may be equipped with additional specialized
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Fig. 2. Dynamics of residential real estate commissioning in city of Moscow by year!

engineering systems of varying complexity, which will create
the conditions required for the stored cargo [10].

Storage Duration. This parameter allows for the determination of
the duration for which goods will be stored at the warehouse. This,
in turn, influences the necessary equipment that will be used at
the facility and subsequently affects the cost of both the real estate
itself and the storage of items within it. Stored cargo can be condi-
tionally divided into three categories:

1) Short-term Storage. The storage period for goods does not
exceed several weeks, indicating that a large volume of cargo will
pass through this warehouse. Such warehouses can be highly mech-
anized or even automated to enhance productivity and throughput;

2) Medium-term Storage. The storage duration ranges from
several weeks to six months. This type of warehouse is more of
a hybrid, combining elements of both long-term and short-term
storage. Such warehouses may feature different sections desig-
nated for fast-moving goods as well as for items stored for longer
periods, which introduces new requirements for layout, equipment,
and accounting systems [11];

3) Long-term Storage. Warehouses designed for the long-
term storage of various goods experience a slow turnover of prod-
ucts, which reduces the need for automation and shifts the focus to

Classification of Warehouse Real Estate

product preservation. This necessitates the maintenance of spe-
cific storage conditions, creation of an appropriate microclimate,
and periodic inspections of goods to ensure compliance with stor-
age conditions.

Cost or Durability of the Building. This parameter is responsible
for determining the timelines and costs associated with the con-
struction of the facility. Depending on the warehouse's purpose and
the duration of goods storage, the construction of the warehouse
complex may require varying levels of effort and resources. Ware-
houses can be conditionally divided into three categories:

1) Quick-erect Warehouses. Such warehouse properties
typically have a shorter lifespan compared to permanent warehous-
es. They are constructed from metal frames and simply covered
with profile sheets, with the advantages being quick construction
and low material costs. A characteristic feature of these warehous-
es is the lack of complex engineering systems, and sometimes
even basic ones. They may not be connected to water supply sys-
tems, lack electrification, and may not be heated. The minimal pro-
tection of stored goods from environmental factors is the primary
purpose of such structures [12];

2) Permanent Warehouses. These structures are built for long-
term operation, and the complexity and cost of the equipment used

Parameter Category

Description

Purpose of the Warehouse L
p 3) Trade and Logistics Complexes;

1) Warehouses at Manufacturing Enterprises;
2) Customs Warehouses (including Bonded Warehousing);

4) Specialized Warehouses (Medical, Grocery, etc.)

Depending on their purpose, warehouses can be used for
storing raw materials and finished products, temporary
customs storage, or for commercial purposes

1) Short-term (up to 1 month);

3) Long-term (over 6 months)

Medium-term (from 1 month to 6 months);

Classification by the Duration of Goods Storage in Ware-
houses, Influencing Equipment Type and Preservation Re-
quirements for Products

Cost (Building durability)

)
)
)
)
)
Storage Duration 2)
)
)
)
)

3) Temporary or Mobile Structures

1) Quick-erect Warehouses (Frame, Modular);
2) Permanent Warehouses (Concrete, Brick);

Level of Durability and Construction Cost: Quick-erect,
Permanent, or Temporary Warehouses
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for careful preservation of the stored products can vary signifi-
cantly based on the type of goods. Permanent warehouses typi-
cally feature solid reinforced concrete foundations, walls with high
thermal resistance, sophisticated ventilation and heating systems,
and connections to all necessary engineering networks. Addition-
ally, such warehouses may include facilities for staff comfort, of-
fice spaces, and designated areas for meals. Each warehouse
has its own unique configuration;

3) Temporary Warehouses. Similar to quick-erect warehous-
es, temporary warehouses can be constructed from relatively in-
expensive materials. The main feature of this type of warehouse is
the ability for rapid assembly and, if necessary, equally quick dis-
assembly of the structure.

Resources. Depending on the type of warehouse, different re-
sources may be utilized. For example, large permanent warehous-
es require more materials and financial resources for construction
and maintenance due to their size, while highly automated ware-
houses demand greater investment in information resources. Let’s
explore these resources in detail:

1) Labour Resources. Depending on the complexity and du-
rability of the constructed facility, various amounts of labor may be
required for its construction;

2) Material Resources. Different materials and equipment
may be used in warehouse construction. For example, wall con-
struction can consist of a combination of brick and gas-silicate
blocks, sandwich panels of varying thicknesses, or simply profile
sheets attached to the frame of the structure. The materials used
for construction are selected based on the storage conditions and
intended purpose of the warehouse [13];

3) Technical Resources. In addition to engineering net-
works, warehouses may be equipped with various mechanisms,
such as forklifts, manipulators, and automated systems. The pres-
ence of such mechanisms enhances warehouse productivity and
facilitates staff work; however, their use may not always be practi-
cal. Additionally, their implementation imposes extra requirements
on the internal layout of the warehouse, which can affect its techni-
cal and economic performance;

4) Management Resources. Depending on the volume of
stored products, the size, and purpose of the warehouse, man-
agement practices may vary significantly;

5) Financial Resources. The cost of maintaining a ware-
house can vary widely based on its purpose. Choosing the most
suitable category of warehouse for storing products can signifi-
cantly reduce storage costs, thereby optimizing the entire produc-
tion process;

6) Informational Resources. Digitalization and automated
accounting of stored goods significantly enhance the productivity
of workers involved in sorting items within the warehouse. Various
digital systems may be used for this purpose, which require main-
tenance, updates, and upgrades [14].

Such a classification of facilities will facilitate a better under-
standing of the diverse forms that comprise warehouse infrastruc-
ture, which, in turn, will help optimize the operation of supporting
production processes, improve manageability, and enhance con-
trol.

CONCLUSION

Based on the results of the conducted analysis, several trends
have been identified, leading to the following key conclusions:

1. The primary trends in the development of the multi-apart-
ment housing market in Russia and Moscow have been identified,

which must be considered when implementing technologies and
flow-based organizational forms in material production across all
types of production processes.

2. The objects and facilities supporting the construction pro-
cesses of multi-apartment buildings define the sophistication of
warehouse infrastructure, which significantly influences the stabil-
ity of housing market trends and the core processes of multi-
apartment construction and construction organization activities.

3. It has been established that the formation of warehouse in-
frastructure is affected by the method of real estate construction,
the construction area, and the degree of influence from external
and internal environmental factors and risks, which need to be
identified and accounted for in future research.
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IeBenonMeHT CKNaackou MHPPacTpyKTypbl
obcnyXxusatollero npoiecca BoO3BeleHUs
06BLEKTOB HEABUXXMMOCTMU Ha PbIHKE XWUJbS

B cTtatbe paccMOTpeHbl OCHOBHbIE HAMPaBIIEHNS U TEMMbI pa3Bu-
TWS CTPOUTENBHOIrO NPON3BOACTBA XXWUITOW HEABVXXMMOCTU U BBO-
Ja Xunblx 06beKTOB. Kpome TOro, 6bin NpoBeAeH aHanu3 cra-
TUCTUYECKMX OAHHbIX, KOTOPbIE OTpaXxaktT AUHAMUKY Takoro
paseuTtua B Poccuun. Takxe B cTaTbe pacCMOTPEH BOMPOC ahdek-
TMBHOCTW peanu3aummn Ha NpPakTUKe OCHOBHbIX CNOCO60B BO3BE-
[OEHWS MHOMO3TaXHbIX 30aHWIA C y4ETOM COBPEMEHHOrO pa3Bu-
TUS CTPOUTENIBHOIO NPON3BOACTBA U TPEOOBaHWUI PbIHKA XMWNbS.
Takxe onpenenseTca posfib CKNAACKOM HEOBMXXMMOCTU B 06LLIEM
NPOV3BOACTBEHHOM MpPOLIECCE BO3BEAEHUS OOBLEKTOB HEABUXM-
MocTn. CTponTENBLCTBO TaKUX O6LEKTOB HEABVMXKMMOCTU HEOTb-
EMIIEMO CBSI3aHO C YPOBHEM Pa3BUTUS NMPOU3BOACTBEHHON U CO-
LmanbHOW MHAPPACTPYKTYpbl PErMOHa, B KOTOPOM NPOU3BOANTCSA
BO3BEOEHNE COOPYXEHUA. DTN 06BLEKTHI ABMAIOTCS YaCTbO 06-
CNy>XMBAIOLLMX MPOLECCOB, OT KOTOPbIX BO MHOrOM 3aBUCUT Ha-
NPsSIMYI0 pa3BUTNE OCHOBHbIX NPOM3BOACTBEHHbIX MPOLIECCOB BO3-
BEeAEHNA MHOMO3TaXHbIX 3AaHWI Ha pbiHKe Xunbs. MonyyeHHas
CTatTuCTMKa No BBOAY XWJbsA MNO3BOMAET NPOrHo3mpoBaTb yBenu-
YeHune TEMMNOB pocTa CTPOUTENLCTBA, YTO BO MHOrOM onpefenser
BbI6OP CMOCO60OB CTPOUTENBCTBA B YCMOBUSAX BNUSAHUA (DAKTOPOB
BHELLHEN cpedbl, KOTOpble NPUBOAAT K PasnmyHbIM U3MEHEHUAM
X0[a pa3BuTUA NPON3BOACTBEHHbIX MPOLIECCOB. Ha cerogHsALLHMN
[O€eHb Ha pbIHKE HEABMXMMOCTM CHOPMUPOBANOCH HECKOJIBKO A0-
CTaTOYHO KPYMHbIX 3aCTPOMNLLMNKOB, KOTOPbIE, C OAHOW CTOPOHbI,
obnagatT KpynHbIMU (PUHAHCOBBIMU BO3MOXHOCTAMW, C APYroW
CTOPOHbI, BBOAAT 60MbLUME 06bEMbI XWibs. Bo3BeaeHne MoHo-
NIMTHOTrO MHOTrOKBapPTVPHOro AoMa, B PAAE CNy4YaeB, MOXET 6bITb
MeHee 3KOHOMUYECKM I(PAEKTUBHO, YHEM BO3BEAEHNE aHANOrmy-
HbIX NIOLLAAEN YXXe U3 NaHenen unm 6510KoB.

OpHako OTCyTCTBME anbTepHaTMBbI MO JOCTYMNHON LieHe, NM6o
no npn4ynHam BbICOKOM ANCTaHLUMPOBAHHOCTU, HE OCTaBNAeT Bbl-
60pa 3acTponLmKy. Hegonony4yaemas npubbinb n3-3a MeHee
30pPEKTUBHOIO cnocoba CTPOUTENBHOIO NPOM3BOACTBA MOXET
no6yauTb Takux KPYMHbIX UFPOKOB K CO34aHUI0 COOCTBEHHbIX
MOLLHOCTEN MO MPOU3BOACTBY KPYMHOOGIIOYHbIX U MaHeNbHbIX
3MeMeHTOB 3aHnin. OCHOBbIBasACbL Ha 4AHHOM NPOrHo3e, Heo6-
XOAUMO NpOoaHanM3nMpoBaTth, HACKOMbKO COBPEMEHHaa cknag-
cKasi MHbpacTpykTypa 6yAeT rotoBa K BOSMOXHbIM U3MEHEHW-
AIM B chepe MHOrOKBapTUPHOro CTPOUTENbCTBA.

Knro4eBble cioBa: [4EeBE/IONMEHT, HEABWXUMOCTb, CKI1aanpoBa-
HWe, UHRYCTpuann3aums, I0rnMcTUKa, CKaacKas UHgPacTPyKTy-
pa, obcnyxusaroLyee rnpon3Bo[CTBO
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Application of complex analysis provisions
in order to assess the efficiency of residential
renovation projects

Implementation of the municipal program of residential development renovation in Moscow is a large-scale
and long-term directive socio-economic policy aimed at sustainable renovation of the existing outdated housing
stock and wave resettlement of citizens into newly constructed residential buildings. This program is implement-
ed to provide citizens with comfortable and safe housing create new centers of attraction and create conditions
for the renovation of residential development in the districts under consideration. The municipal program of res-
idential development renovation includes three stages of wave resettlement, namely: 1st stage — 2020-2024;
2nd stage — 2025-2028; 3rd stage — 2029-2032. During the program realization, it is planned to carry out dem-
olition of 5,175 residential buildings, which are in a high state of physical and moral deterioration, as well as to de-
velop more than 650 starting sites for construction of new residential buildings.

The first phase for the implementation of individual projects under this program is the determination of the start-
ing site — the selection of a land plot for the construction of a new residential building. As the practical expe-
rience of the program shows, the peculiarities and restrictions imposed by the surrounding development, pa-
rameters and physical characteristics of the land plot and other initial parameters can have a negative impact
on the efficiency of project implementation: insufficient analysis conducted at the stage of concept and land plot
selection can significantly increase the risks of the project and have a negative impact on the economic effi-
ciency and timing of the project, which in the conditions of the need to comply with the plan for the introduction
of a new residential building. In order to solve this problem, we propose to consider the feasibility of applying
the provisions of complex analysis in the process of implementation of residential renovation projects in the city
of Moscow in order to determine the probable risks in advance and develop mechanisms to minimize them.
Keywords: residential development renovation programme, integrated territorial development, complex analysis,

improvement of the interaction mechanism, Moscow City Renovation Programme

he basis for the preparation of the principles
I of improving the efficiency of construction
project execution is the need to conduct
a deep and comprehensive analysis of the project:
its strengths and weaknesses, construction condi-
tions, likely risks and other aspects that need to be
taken into account in order to develop and apply
the most optimal mechanisms to improve the over-
all efficiency of the project. The main task of apply-
ing a comprehensive analysis of the project is
to consider the main and most significant parame-
ters of the project to identify and determine the ba-
sic efficiency of the project, which will allow to form
a number of necessary measures to reduce
the likely risks in the implementation of the project,
taking into account the characteristics of the pro-
ject (surrounding development, the peculiarities
of interaction between the main participants
in the process of project implementation, limit pa-
rameters and so on)'.

The application of a comprehensive analysis
in relation to the implementation of projects under
the municipal residential renovation programme will
also allow assessing the list of the most important
parameters?. As part of the implementation
of the residential development renovation program,

the efficiency indicators of the projects under con-
sideration are assessed, the main ones being: cost
and time indicators of project implementation,
which should ensure timely wave resettlement of cit-
izens. It should be noted that, taking into account
the peculiarities of the implementation of the resi-
dential development renovation program, the most
important is the time indicator — the project imple-
mentation period. This fact is related to the planned
wave resettlement of citizens, which makes it nec-
essary to comply with the declared and calculated
time indicators?® [1, 2].

Also, one of the most important performance
indicators of the project implemented under the res-
idential development renovation program is the indi-
cator of social significance, which can be charac-
terized by the following parameters*:

1. Remoteness of the new house under con-
struction from the house to be resettled (in case
the resettlement of citizens takes place in a new
residential house built at a remote location, if it is
impossible to build a residential house on the land
plot of the house to be resettled).

2. Provision with social infrastructure (proximity
of polyclinics, city hospitals, schools, kindergartens
and other objects of social infrastructure).

1 Approval of the Basic Requirements to Improvement of the Residential Development Territory during the Implementation of the Program
for Renovation of the Residential Stock in the City of Moscow : Government Decree No. 515-PP.

2 Approval of the Requirements for Improved Finishing of Equivalent Residential Premises Provided in Replacement of Residential Prem-

ises in Multifamily Buildings : Government Resolution No. 516-PP

3 Consideration of Public Opinion on Housing Renovation Project in Moscow : Decree of the Government No. 245-PP.

4 Approving the Addressed List of Neighbourhoods (Territories) : Government Decree No. 708-PP.
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3. Transport accessibility: distance from the nearest metro sta- of initial parameters and conditions for its implementation. When
tions, public transport stops, public parking lots [1, 2]. considering a large portfolio of ongoing projects within the frame-
The social indicator is one of the most important, as it can have work of the residential development renovation programme, which

a significant impact on the attitude of citizens to the implemented do not have sufficient efficiency, it can be concluded that the effi-
program of residential development renovation, shows the signifi-

cance of the residential building to be constructed on the selected
site and the provision of social infrastructure to the citizens relocated
from the demolished residential buildings® [1]. The social indicator
can be assessed by analyzing the adjacent development in terms of,
among other things, the availability and number of social infrastruc-
ture facilities relative to the number of relocated citizens — additional
load on the existing social infrastructure facilities; assessment
of the accessibility of these facilities for citizens. This assessment

ciency of the programme, expressed primarily in the timing of wave
resettlement, will be at an insufficient level for its successful imple-
mentation [1]. Thus, the development of a method of integrated pro-
ject appraisal is practically significant.

It is proposed to conduct project performance evaluation ac-
cording to a set of actual indicators and baseline data in accordance
with the provisions of comprehensive analysis. Comprehensive anal-
ysis of project effectiveness is carried out using such methods:

should be carried out at the stage of project conceptualization, tak- * expert evaluation method;
ing into account the possible number of resettled citizens depending e principles of mathematical logic;
on the expected capacity of the projected residential building. e analytical method;

A set of methods of project assessment based on its initial pa-
rameters, determined in the framework of pre-project analysis, allows
to sufficiently determine its effectiveness and choose the most opti-
mal strategy for project implementation. It is fair to evaluate the initial
parameters of the object and determine its efficiency using the meth-

® morphological analysis;

e method of research of the operations carried out in the pro-
cess of project realization.

The mentioned methods of conducting a comprehensive analy-

od of complex analysis, which subsequently allows to form a factor sis of project efficiency allow to sufficiently assess such basic
space for building an economic and mathematical model [3]. blocks of parameters as:

The main objective of the comprehensive analysis is to deter- ® assessment of the conditions of the considered land plot
mine the initial efficiency of the project based on the assessment and surrounding development;

Comprehensive analysis of residential renovation projects

. ! '

Assessing the impact of Assessment of the conditions Analysis of participants
management on project of the land plot and adjacent in the project implementation process
performance development

| |

Comprehensive diagnostics of the main parameters

of the renovation project under consideration < ]
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I T thod
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5 The Program for Renovation of Housing in the City of Moscow : Decree of the Government No. 497-PP. >
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e assessment and analysis of the limit parameters of the pro-
jected residential building and possible related restrictions;

e assessment of possible and most probable risks associated with
the implementation of the project under consideration in order
to determine them and develop solutions to minimize them;

e assessment of the impact of management peculiarities
in the project realization;

¢ analysis of the main participants and methods of their interac-
tion in the implementation of the project.

It should be noted that only a comprehensive analysis, consist-
ing of various methods of analysis allows conducting a full-fledged
and multifaceted assessment of the initial parameters of the project
under consideration by a list of criteria that form the overall assess-
ment of project efficiency and allow to form further methods for its
improvement [4—6].

In the following, the comprehensive analysis of the project un-
der consideration will allow to form a list of the most significant pa-
rameters for the residential renovation project under consideration
with the help of certain evaluation methods at each stage
of the analysis. In turn, the selected parameters will help to form
a multi-criteria evaluation of the project in order to apply an eco-
nomic-mathematical model to select the most optimal strategy
for the project implementation based on the comprehensive analy-
sis with the use of these evaluation methods.

It should be noted that an isolated diagnosis (evaluation)
of the project without taking into account how the project implemen-
tation is managed, its initial parameters, data on the surrounding de-
velopment, probable encumbrances, risks and other data can only
partially conduct a comprehensive assessment of the project effi-
ciency and will not allow to form the most optimal strategy for project
implementation with the achievement of the highest efficiency. Only
taking into account the set of data can develop a project implementa-
tion strategy and select areas for reforming the initial parameters
(management structure, technical parameters) of the project [3, 7].

Taking into account the provisions described above, it seems pos-
sible to form a model for the evaluation of projects implemented under
the residential renovation programme in the following form Figure.

The results of the morphological analysis can be used to as-
sess the effectiveness of management in the implementation
of the project at various stages, which will allow to choose the most
effective scheme of interaction between the main participants
of the process, as well as to propose methods of reforming the cur-
rent management structures [7, 8].

The application of the above complex assessment of the pro-
ject efficiency will allow to determine the directions for reforming
the basic (initial) model of the project, including: management fea-
tures, the system of interaction of the main participants of the pro-
cess, to determine the main and most likely risks in the implementa-
tion of the project under consideration and to propose a strategy

NMpuMeHeHMne NONOXXEHU KOMMJIEKCHOIo
aHanu3sa c Lenblo NpoBeAeHUs OLLEeHKN
acpheKTMBHOCTU peanu3auum NPoOeKToB
peHoBaLMK XUITON 3aCTPONKM

Peanunsaums MyHuLmMnansHOM NporpamMmMbl PpEHOBaLMK XWNON 3a-
CTPOWKM Ha TeppuTopum ropoga Mocksbl npeacTasneHa MacLuTab-
HOW U JONFOCPOYHON AMPEKTUBHOWM COLIMAsIbHO-3KOHOMUYECKOW
MOSIUTUKOW, HanpasSieHHOW YCTON4YMBOE OOHOBMEHME CYLLECTBYIO-

for the project implementation, taking into account its initial param-
eters to achieve the highest efficiency [9, 10].

The result of the comprehensive analysis of the project is to ob-
tain the necessary data to assess its initial parameters, the final cost
of the finished construction object, as well as its other components,
including an assessment of the most likely risks in the implementa-
tion of the project, possible encumbrances, and subjects of object
management. The results obtained in the course of complex analysis
allow us to conclude that a deeper complex analysis at the pre-pro-
ject stages of project implementation and land plot selection will al-
low us to identify the most likely risks that may arise at further stages
of project implementation, as well as to develop mechanisms to min-
imize them in advance. Thus, the application of complex analysis
provisions in the implementation of the residential development reno-
vation programme, taking into account the previously described fea-
tures, is expedient and practically significant in order to optimize
the project implementation process and improve its efficiency.

REFERENCES

1. Ovsiannikova T.Yu. Renovation of residential buildings in the re-
gions: organizational and financial mechanisms and constraints. Real
Estate: Economics, Management. 2023, 1:44-48. DOI: 10.22337/207
3-8412-2023-1-44-48 (rus.).

2. Khokhlov O.B. Evaluation of Efficiency of Housing Renovation
Projects and Programmes : dissertation of Candidate of Economic
Sciences. Tomsk, 2006. (rus.).

3. Zharikov 1.S. Development of tools for investment design of real
estate objects during renovation : dissertation of Candidate
of Economic Sciences. Voronezh, 2020. (rus.).

4. Shahraki A.A. Renovation programmes in old and inefficient neigh-
borhoods of cities with case studies. City Territory and Architecture.
2022; 9(1). DOI: 10.1186/540410-022-00174-1

5. Nezhnikova E.V. Formation of strategic priorities for the develop-
ment of the housing industry based on the creation of competitive
housing construction facilities : dissertation of a doctor of economic
sciences. Moscow, 2017. (rus.).

6. Mangold M., Osterbring M., Wallbaum H., Thuvander L., Feme-
nias P. Socio-economic impact of renovation and energy retrofitting
of the Gothenburg building stock. Energy and Buildings. 2016,
123:41-49. DOI: 10.1016/j.enbuild.2016.04.033

7. Rusakova Ya.D. Organizational and economic mechanism
for managing the integrated development of the territory in large cit-
ies : dissertation Candidate of Economic Sciences. St. Petersburg,
2012. (rus.).

8. Visscher H., Femenias P., Thuvander L., Jensen P.A. Sustainable
building renovation — strategies and processes. Construction manage-
ment and economics. 2022, 40(3):157-160. DOI: 10.1080/01446193.
2022.2045717

9. Prokhorova Yu.S. Organizational and economic mechanism
for managing the cost of object construction in conditions of public in-
vestment : dissertation Candidate of Economic Sciences. Moscow,
2020. (rus.).

10. Pastukhov V.E. Rational use of urban land in projects of renova-
tion of residential development building renovation business: the ef-
fects of specialization on profitability of Territory : dissertation
Candidate of Economic Sciences. Moscow, 2022. (rus.).

LLiero ycTapesLLEro Xunoro oxAaa 1 BOTHOBOE NepecenieHve rpa-
X[OaH BO BHOBb BO3BE[EHHbIE XWible goma. [laHHas nporpamMma
peanuayeTcs € Lenblo o6ecneynTb rpaxaaH KoMopTHbIM 1 6e3-
OMaCHbIM XWUNMbeM, CO3[aTb HOBbIE LIEHTPbI MPUTSHKEHWS U CO3AATb
YCroBus Ansi O6HOBMEHNS XWIOM 3aCTPONKM B paccMaTpuBaembix
parioHax ropoga. MyHuumnansHas nporpaMmma peHoBaumm XXUomn
3aCTPOMKM BKNOYaeT B ce65 TPy 3Tana BOMHOBOIO NepeceneHus,
a uMeHHo: 1-n atan — 20202024 rr.; 2-n — 2025-2028 rr.; 3-1 —
2029-2032 rr. 3a Bpems peanu3auum NporpamMmbl nnaHupyeTcs
OCYLLIECTBUTb CHOC 5175 XUnbIX LOMOB, HAXOOALLUMXCA B BbICOKOW
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cTeneHn M3NYeCcKoro 1 MopasnbHOro U3HOCa, a Takxke Npou3BeC-
TV OCBOEHMe 6osee 650 CTapTOBbIX NOLWAA0K AN CTPOUTENLCT-
Ba HOBbIX XWbIX 4OMOB.

[MepBUYHBIM 3Tanom Ans peanu3auum OTAENbHbIX MPOEKTOB
B pamMKax yKasaHHOW nporpaMmbl SBASETCA ornpepesieHne crap-
TOBOM Nnowagkn — Bbl6opa 3eMeNlbHOro y4acTka Ans cTpou-
TenbCTBa HOBOIO XMWIIOro AoMa. Kak nokasbiBaeT NpakTu4ecKuia
OnbIT peanu3aummn Nporpammel, Hey4TeHHbIE 0CO6EHHOCTMN U Or-
paHVYeHUs, HaKNaabiBaeEMbIE OKPY>KaloLLel 3aCTPONKOK, napa-
MeTpbl N hU3NYEeCKMe XapakTEPUCTUKN 3eMeNbHOro yyacTka
1 VHbIE UCXOAHbIE NapaMeTpbl MOTYT OKa3aTb HeraTMBHOE BNWS-
HWMe Ha 3PhEKTUBHOCTb peann3aumm NPOeKToB: He[OCTATOYHbIN
aHanua, NPoOBOAMMBIVA Ha 3Tane KoHUenuuu 1 Bbibopa 3emenb-
HOro y4yacTKa, MOXET CYLLEeCTBEHHO MOBbICUTb PUCKM NPOEKTa
1 0Ka3aTb HeraTMBHOE BIIMSHNE HA 3KOHOMMUYECKYIO 3(hDEKTUB-
HOCTb M CPOKM peanu3auuu NpoeKTa, 4To B YCNOBUAX HEO6XO-
OVMOCTM cO6MoAeHNs nnaHa no BBOAY HOBbIX XMWMbIX 4OMOB,
obecrneyeHnst BOSIHOBOIO NEPECENIEHNS ABMNSETCA OLHON U3 BaX-
Henwmnx 3apad. [na pelleHns gaHHOW 3afa4yv npepnaraercs
paccMoTpeTb 060CHOBaHWE Lienecoobpa3HOCTU NMPUMEHEHUS
MOJSTIOXXEHU KOMMJIEKCHOIO aHann3a npyu peann3aumm NpoeKkToB
peHoBaLun XUOW 3acTporiku B ropofe Mockse ¢ Lenbto 3abna-
roBPEMEHHOro AETEPMUHUPOBAHWS BEPOATHBIX PUCKOB 1 paspa-
60TKM MEXaHWU3MOB MO X MUHUMU3ALNN.

KnroyeBble cnoBa: nporpaMma peHoBaLnmy XUIou 3acTpoi-
KW, KOMIJIEKCHOE pPa3BUTUE TEPPUTOPUI, KOMITIIEKCHBIV aHan3,
nporpamMma peHoBauuy ropoga Mocksbl
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Analysis of the symbiosis of factoring
and chargeback in outsourcing of construction
processes and real estate management

One of the main factors influencing the final cost of construction is compliance with deadlines, as well as the qual-
ity of work performed or services provided. Existing mechanisms that guarantee payment or quality of work per-
formed or services rendered become ineffective and protect the interests of only one of the parties involved
in the construction process, while the second becomes more vulnerable. The exponentially growing volume
of accounts receivable in the construction industry requires new management approaches. The particular im-
portance for the development of the construction industry in the Russian Federation is consideration of inter-
ests of all parties involved in construction processes and real estate management. The purpose of this paper is
to analyze the possibility of simultaneous use of tools as factoring and chargeback in outsourcing construction
processes in terms of improving the effectiveness of financial risk management for the customer and contractor.
The relevance of the topic is related to the growth of accounts receivable in the construction sector of the Russian
Federation and the lack of relevant research on the use of factoring and chargeback symbiosis in outsourcing
construction processes. Up-to-date statistics were collected and the dynamics of changes in the volume of ac-
counts receivable by industry in construction and real estate management were modeled, and based on the re-
search conducted, a comparative characteristic of use of factoring and chargeback was carried out. It is a reason-
able conclusion that the mechanisms under consideration perform different functions and are aimed at achieving
different goals, while contributing to financial recovery and reducing cash gaps of companies, and the symbiosis
of their application is able to reduce the volume of accounts receivable in the construction and real estate man-

agement industry as a whole.
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ccording to research conducted by the Fed-
Aeral State Statistics Service of the Russian

Federation (Rosstat) from January 2020
to December 2023, the size of accounts receivable
of domestic companies in the construction or real es-
tate management sectors, remains consistently high,
and in some cases showed continued growth in ex-
ponential progression.

The amount of accounts receivable of the com-
panies from January 2020 to December 2023:

1) in the sector of management of maintenance
of the residential fund — decreased from
122,278,661.00 rubles to 111,248,284.00 rubles,
but still remains at a high level (Fig. 1);

2) in the non-residential fund maintenance man-
agement sector — increased several times from
42,127,674.00 rubles to 246,658,682.00 rubles
(Fig. 1);

3) in the construction sector, an explosion
of growth was recorded — from 3,410,087,984.00 ru-
bles to 8,388,597,131.00 rubles (Fig. 2).

To calculate the total amount of accounts re-
ceivable, Rosstat used the methodology, where
the indicators of debts on settlements with buyers
and customers for goods, works and services were
taken, including debts secured by promissory
notes; debts on settlements with subsidiaries; debts
on unearned advances; overpayments of taxes
and fees to the budget; debts of accountable per-
sons and employees who were given amounts
and loans; debts on government orders, as well as
fines, penalties and forfeitures recognized by
the debtor or Statistical data for the Russian Federa-
tion are given without information on the Donetsk

People's Republic (DPR), Luhansk People's Repub-
lic (LPR), Zaporizhia and Kherson regions [2].

Modelling the accounts receivable schedule
in the construction industry, the authors used Ross-
tat data on the classification of the following types
of economic activities (Fig. 2):

e development of: construction projects, dis-

mantling and demolition of a building;

e preparation of: construction site, including its
clearing, for development and extraction
of minerals, except for oil and gas sites, ex-
ploratory drilling;
construction: residential and non-residential
buildings, engineering structures and commu-
nications for water supply and water disposal,
gas supply, utility facilities for electricity and tel-
ecommunications, roads and highways, rail-
roads and subways, bridges and tunnels, local
and intercity power transmission and commu-
nication lines, power plants, water, port and hy-
draulic engineering structures, other engineer-
ing structures;

works: underwater, including diving, dredg-
ing and shore protection, specialized con-
struction, earthworks, electrical installation,
sanitary engineering, installation of heating
and air conditioning systems, construction
and finishing works, plastering, carpentry
and joinery, interior finishing of buildings (in-
cluding ceilings, partitions, etc.), flooring
and wall cladding, painting and glass works,
specialized, waterproofing, scaffolding in-
stallation, piling and foundation construction,
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Thousands of rubles

Maintenance management of non-residential stock fund for remuneration
or on a contractual basis, Russian Federation

= Maintenance management of housing stock for remuneration or
on a contractual basis, Russian Federation

Fig. 1. Accounts receivable schedule from 2020-2023 in main-
tenance management [1]

concrete and reinforced concrete, installation of steel build-
ing structures, stone and brick, assembly and installation
of prefabricated structures, other construction and assem-
bly finishing, finishing and specialized, including those not
included in other groupings.

The diversity of economic activities that make up construction
processes, as well as the growth of accounts receivable in all
of the above-mentioned industries, clearly gives an impetus
to the search for new types of financial guarantees for all partici-
pants of construction processes.

As examples of such guarantees and financial security, let us
consider the symbiosis of factoring and chargeback and the crea-
tion of a “two-way road” in the financial interaction of participants
of construction processes and real estate management.

The origin of the term factoring is formed from the English word
“factor” — “intermediary, commercial agent”. In Russian law, factor-
ing refers to the process of financing under the assignment
of a monetary claim, the subjects of the factoring agreement are
the client, financial agent (factor) and debtor [4].

Thousands of rubles

Construction. Russian Federation

Fig. 2. Accounts receivable schedule from 2020-2023 in con-
struction [3]

The factoring mechanism allows to shorten the financial cycle,
gives stability to the working capital, because it allows to receive
payment immediately after rendering the service, without the condi-
tion of deferred payment, which the participants could have agreed
on, which reduces cash gaps of the performers, as well as increas-
es the amount of working capital.

There are the following types of factoring according to the dis-
tribution of the degree of risks between the participants — recourse
and non-recourse [5]. In recourse factoring it is assumed that
the risk of non-payment falls on the supplier and if the buyer has not
fulfilled its obligations, the factoring company (factor) has the right
to demand the return of funds from the supplier. Non-regressive
factoring is the one where the risks of non-payment are assumed by
the financial agent and in this case the debt recovery from the buy-
er will be handled by the factor. Factors propose the use of factor-
ing in outsourcing of construction processes in the development,
construction and production of works [6].

Trade and manufacturing companies are considered to be
the main consumers of the factoring market, but it is also gaining
popularity in the construction industry [7]. According to research
for 2023, the largest market for factors is Europe, where factoring
volume amounted to 2,555 trillion euros, with countries such as
France, England, Germany, ltaly and Spain being the flagships
in this territory. The Asia-Pacific region (China, Thailand, Japan
and Singapore) takes the next position, where the volume of factor-
ing services amounted to EUR 942 billion. In the Americas, the vol-
ume amounted to EUR 237 billion. The share of factoring
in the BRICS member countries — Russia, India, Brazil, UAE, South
Africa, Egypt, Iran and Ethiopia (China and Brazil in this study were
included in the Asia-Pacific region, so in the calculation as part
of BRICS was excluded from the study) amounted to $ 944,361 bil-
lion, where the turnover of Russia amounted to $ 333 billion [8, 9].
The increase in the use of factoring has a positive impact on world
trade, and conservative calculations made by foreign researchers
have shown that an increase in the share of factoring by 10 % would
lead to an increase in trade volume by 1 %. In addition, that factor-
ing is positively correlated with credit, they complement rather than
replace each other [10].

In the world practice, popularization and increasing the level
of confidence in factoring is carried out by creating a rating of com-
panies providing it. Forbes magazine published a rating of the best
in 2024 network factoring companies according to various param-
eters, such as the best company for freight brokers or the flexibility
of tariffs, or the best for transportation companies, etc. [11]. Exam-
ples of global network factoring companies represented in the Rus-
sian market are: Raiffeisen Factor Bank AG, UniCredit Group, Soci-
ete Generale [12].

In the Russian Federation, the Association of Factoring Compa-
nies (AFC), a professional public association of factoring market
participants in the Russian Federation, is engaged in popularization
and rating of factoring companies' volume and reliability, one
of the goals of which is to expand the factoring market volume
and reduce the risks of factoring business.

According to AFC's research, the number of active clients
in the construction industry for the first half of 2024 was 488, whose
number increased by 15 % in 12 months (Fig. 3).

The growth of the quantity of active participants of factoring is
connected with its popularization and creation of ratings among
factors, as well as due to the advantages of factoring in comparison
with credit and overdraft in terms of flexibility of terms, financing
limits, order of security, repayment and others (Table).
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Fig. 3. Dynamics of active factoring clients in certain industries in the 1st half of 2024 in units with data on changes over 12 months in % [13]

The notion of chargeback is derived from the English word
“chargeback” and translates as “return payment”. It exists in the fi-
nancial sector and is currently used in the interaction between an in-
dividual, a bank and an executor. Chargeback procedure refers
to the contestation of the transaction by the issuing bank and accept-
ance-free debiting of funds from the payee and return to the payer,
in other words, it is a procedure for returning funds to the client
in case of improper provision of services or performance of work [15].

The essence of this procedure implies out-of-court resolution
of disagreements, which saves time, eliminates legal costs, as well
as the possibility of losses due to the bankruptcy of the counterparty
and the inability to receive the awarded compensation. For example,
in construction, if the customer discovers defects in the work per-
formed or services rendered, he can to demand compensation,
similarly in the case of delivery of low-quality materials.

The comparative analysis of existing financial instruments
in the form of guarantee retention, bank guarantee and chargeback

Comparison of factoring with credit and overdraft [14]

in the outsourcing of construction processes, including construction
processes and real estate management has shown that chargeback
has prospects, but requires correction through the prism of relation-
ships between companies in the construction industry [16].

The considered tools of factoring and chargeback in construc-
tion processes and real estate management perform different func-
tions and are aimed at achieving different goals, in particular, fac-
toring procedure is suitable for outsourcing companies (contractors,
executors), while chargeback is suitable for client companies, both
of these tools contribute to financial recovery and increase working
capital. Popularization and mutual application of the above instru-
ments requires holding thematic forums with the participation
of representatives of the construction process and subsequent
amendments to the current legislation.

Symbiosis of application of factoring and chargeback instru-
ments in outsourcing of construction processes and real estate
management for the participants of these processes, as well as

Factoring

Credit Overdraft

Contract period Indefinite

Fixed term Fixed term

Funding limit Increased as needed Fixed amount A certain percentage of turnover
Funding period Actual deferral Fixed term Fixed term
Provisioning Assignable monetary claims Bail Maintaining a certain turnover
Redemption The day of actual payment by the buyer Fixed day Fixed day
) Receivables management, reduction
Services ) - -
of non-payment risk
Control - Targeted use Penalty for not selecting a limit

Balance structure

Not recognized as a credit liability

Credit obligation Credit obligation
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for the construction and real estate management industry as
a whole can bring benefits in the form of obtaining additional guar-
antees in terms of payment, quality of work performed, reducing
cash gaps and reducing the volume of receivables. Outsourcing
companies with the help of factoring tool receive a guarantee
of payment for work performed or services rendered, customers
at the same time receive a guarantee of the quality of work perfor-
mance or service rendering with the help of the tool of chargeback,
in both cases the factor acts as an intermediary and guarantor,
which takes the risks arising in the collaboration on itself. The sym-
biosis of these processes can be called a “chargeback-factor”.
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AHanu3 npumeHeHust cuM6bno3sa
c¢hakTOpMHra un Yappgxéeka

Npyu ayTCOPCUHIe CTPOUTESbHbIX
NPOLIeCCOB 1 yrpaBfieHUN HeABMXXUMOCTbIO

OfHVYMM 13 OCHOBHbIX (DAKTOPOB, BAMUSAIOLLMX HA OKOHYaTeNb-
HYI0 CTOMMOCTb CTPOUTESNIbCTBA, ABMATCSA COOMIOAEHNE CPOKOB,
a TakXe Ka4eCTBO BbINOSIHAEMbIX PA6OT U OKa3bIBAEMbIX YCIyT.
CyLecTBytoLLMe MeXaH3Mbl, 06ecnevmBaoLLme rapaHTuio onna-
Thl UM KA4eCTBA BbIMOMHAEMbIX PaboT MW OKa3blBaeMbIX YCHyT,
CTaHOBATCH HE3AMMEKTUBHBLIMU U 3aLLMLLAIOT MHTEPECH! TONbKO
OfHOW U3 CTOPOH, Y4aCTHUL, CTPOUTENBHOMO NpoLiecca, B TO Bpe-
Msl Kak BTOpasi CTaHOBUTCS 6oree ysa3BmMMon. PocT B reomeTpuye-
CKOW nporpeccumn ob6bema AebUTOPCKON 3aJ0HKEHHOCTU B CTPO-
UTENbHOW oTpacnu TpebyeT HOBbIX MOAXOAOB B YNpaBiieHUN.
Ocobyto BaXXHOCTb ANs pa3BUTUS CTPOUTENBHOM oTpacnu B Poc-
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Functioning and development of construction
formations in the market of multi-storey
residential buildings

In the conditions of activity of construction formations and all participants in the investment process in the mar-
ket of multi-storey buildings in various regions of the country, various organizational and technological situations
arise most sharply, associated with the presence of a number of new features, when the nature of their work,
interaction with each other, directions of development in the housing market change, taking into account accu-
mulated experience, potential and types of specializations. This determines the need for the formation and use
of rational forms of construction organization aimed at stabilizing the entire construction industry and processes,
reducing the impact of changes in the external and internal environment, and various types of risk. The research
methods used in the work are theoretical analysis, empirical study with subsequent generalization and systema-
tization of the data obtained, in addition, the main scientific approaches were used: “dialectical”, “systemic”, “dy-
namic”, “variant”, “balance”, “modelling”. The object of the analysis is the organizational and technological pro-
cesses of the construction of a real estate object and the activities of enterprises in the market of multi-storey
residential buildings, taking into account the features that affect the stability and sustainability of the develop-
ment of production processes.

The use of various mechanisms, measures in the field of technology use, rational forms of organization of mate-
rial production in the activities of enterprises will increase the stability and reliability of their work under the influ-
ence of risks and uncertainty factors of construction production.

Keywords: multi-storey residential buildings, housing market, developers, external and internal environment, fea-
tures, building formations, sustainability, forms of construction organization, risks, organizational and technolog-
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INTRODUCTION

The development of the construction industry,
as well as the entire Russian economy as a whole,
is associated with the need to solve a complex
problem that reflects both global trends and inter-
nal barriers to development. This requires taking
into account the main features and the need to de-
velop mechanisms and measures to ensure
the stabilization and sustainable development
of enterprises in the housing market of multi-storey
buildings.

The formation of such mechanisms for the de-
velopment of construction enterprises is significant-
ly influenced by a decrease in demand for con-
struction products, as well as changes in norms
and rules for the construction of buildings and struc-
tures. The need to solve this problem of forming
mechanisms and measures for the stabilization
and sustainable development of enterprises
of the construction complex in housing markets
in various regions of the country predetermined
the relevance of this study.

The activity of construction organizations is
largely determined by the degree of rational use
of their organizational and technological potential,
reliability and stability of development of all types
of production processes, taking into account all
types of losses, risk conditions and uncertainty,
the values of which change under the influence
of spatial, resource, time and cost parameters
of enterprises and organizational and technological
parameters of construction production, flexibility

of organizational forms of their management, as well
as taking into account the conditions of mobility
and uncertainty associated with the dispersal of fa-
cilities under construction [1-4].

MATERIALS AND METHODS

The research methods used in conducting re-
search are theoretical analysis, empirical study, fol-
lowed by generalization and systematization
of the data obtained. In addition, the main scientific

approaches were used: “dialectical”, “systemic”, “dy-
namic”, “variant”, “balance”, “modelling”. The object
of the analysis is organizational and technological
approaches to the development of production pro-
cesses and activities of construction formations
in the market of multi-storey residential buildings.

The theoretical and methodological basis
of the research is the scientific publications of for-
eign and domestic scientists and practitioners de-
voted to the study of the problems of the presence
and influence of the peculiarities of the functioning
and development of construction formations
in the market of multi-storey residential buildings,
taking into account various types of their specializa-
tion and the nature of the external environment.
The empirical base of the study was made up
of statistical and other information sources, materi-
als characterizing the production and economic
activities of business structures of various organiza-
tional and legal forms in the Russian Federation,
expert opinions, legislative acts and other regula-
tory documents in the construction sector.
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Construction companies, as well as all participants in the in-
vestment process of real estate construction in the housing market,
are trying to create conditions that will ensure the maximum use
of all their accumulated potential, ensure stable production
and economic ties in order to maximize the interests of contractors,
subcontractors and consumers of final products. This is usually
achieved through the formation of rational forms of construction or-
ganization through the development of appropriate organizational
and technological mechanisms and measures. At the same time,
traditional forms and forms of organization and management do not
lead to an increase in the efficiency of activities due to existing fea-
tures and risk factors and uncertainty of construction production
[5-7].

The Ministry of Construction and Housing and Communal Ser-
vices of the Russian Federation annually conducts the necessary
monitoring of housing situations in the territory of the country's
constituent entities. In the context of the modern development
of construction production in the Russian Federation, there has
been a positive trend over the past few years in terms of housing
commissioning [8-11].

The analysis of data on the number of floors of the housing
stock carried out by developers in the Russian Federation showed
that the most erected real estate objects in the housing market are
multi-storey residential buildings, which use monolithic, panel con-
struction methods to reduce construction time, the average height
of such buildings exceeds 19 floors per one residential unit under
construction (Fig. 1).

Modern construction production is characterized by the pres-
ence of a large number of: internal and external industrial relations
and relations between participants; information flow in the field
of management. At the same time, it is necessary to ensure the sta-
bility of the organization of the labour process based on the appli-
cation of progressive norms and standards, which is the basis

Housing commissioning, Russian Federation
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Fig. 1. Dynamics of housing commissioning in the Russian Fed-
eration, Moscow, Moscow region (by year)

for the use of flow-based forms of labour organization in processes.
In addition, the concentration of all types of construction production
resources on production processes makes it possible to maximize
the entire accumulated potential, which requires the implementation
of the basic principles of flow-based forms of organization, namely:

Types of specialization and specifics of the development of the construction system

Types of specialization

Purpose

Characteristic

Territorial (external
environment)

The orientation of the construction system to the con-
struction of real estate for various purposes in a cer-
tain territory of the region, i.e. determines the specifics
of the housing market development

The type of building is determined: multi-storey, low-rise, point, block, micro-
district, satellite city, etc.

Industry (external
environment)

Orientation of the construction system to the specifics
of real estate under construction within a specific
branch of the national economy (construction)

in the housing market

The type of real estate object, its spatial planning and design solutions are de-
termined: monolithic, panel, brick, wooden, etc.

Subject (internal
environment)

Orientation of the construction system to perform all
types of construction and installation work when creat-
ing final products, (or in the workshop) production

of fully finished products

The types of technologies and forms of organization of material production

and management in the implementation of construction and installation work
are determined, object flows in production processes are formed and organiza-
tional, technological and economic ties and relations between all participants

in the process of constructing a real estate object are defined. The method

of construction is determined: “on your own”, contractual, Project Management,
real estate management as an investment asset (Asset Management), etc.

Technological (internal
environment)

The orientation of the construction system to perform
a certain type of work or provide services at different
stages of the life cycle of a real estate object

and the stages of development of the production
process

The types of special technologies and forms of organization of material produc-
tion and management are determined when performing work by specialized for-
mations, specialized flows are formed in production processes and specialized
organizational, technological and economic ties and relations between all par-
ticipants in the process of constructing a real estate object are defined.

The forms of construction and management are determined: internal; external
management; mixed, etc.
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Fig. 2. Dynamics of housing commissioning by the main devel-
opers in Moscow (by year)

specialization, continuity, parallelism, rhythmicity, directness
and automation [12, 13].

The following types of specializations are implemented in con-
struction, namely: territorial, sectoral, subject, technological, detailed.
The first two types of specialization. As a rule, they determine the ter-
ritorial and sectoral features of the development of the multi-storey
buildings market and the specifics of the territories themselves
and are the external environment for construction formations of differ-
ent levels. Other types of specializations determine the internal envi-
ronment of their activities, which significantly affects the stability
and sustainability of the development of all production processes
(main, auxiliary, servicing) and the construction units themselves.

The choice of a rational option for the sustainable development
of enterprises in the housing market depends on the existing fea-
tures, the degree of influence of various groups of factors of the ex-
ternal and internal environment, types of specializations for the de-
velopment of the housing market and construction production
(Table).

In addition, the option chosen in this way creates all the neces-
sary conditions for the formation of stable ties and relationships
between all participants in the construction of real estate in multi-
storey buildings [14, 15]. All these connections are concentrated
and ensured through the main participant of this construction sys-
tem, namely, the developer, who performs all the functions of man-
aging the system based on the use of rational forms of construction
organization, which contributes to an increase in the volume of final
products (Fig. 2).

The dynamics of the main developers in Moscow shows that
this trend takes place in modern conditions of the construction
of multi-storey buildings.

CONCLUSION

Based on the results of the analysis, trends were identified that
allowed us to draw the following main conclusions:

1. The main features of the functioning and development of con-
struction production in the construction of multi-storey real estate
buildings have been identified, which must be taken into account
when introducing technologies and in-line forms of organizing

material production in the main, auxiliary and servicing production
processes, which contributes to the establishment of stable links
between all participants in these processes [16-18].

2. Developers are the main participants in the process of con-
structing multi-storey buildings, on which the stability and stability
of these relationships and the specifics of the development of both
the housing market and the entire construction system depend.

3. It has been defined that the process of forming a system of re-
lationships between participants in the construction of multi-storey
real estate in construction is influenced by the peculiarities of their
construction, a large number of factors of the external and internal
environment, which must be identified and taken into account in fur-
ther research based on the creation of necessary organizational
and technological reserves when introducing flow forms of material
production in the activities of construction organizations, taking into
account their depth of specialization in risk conditions [19, 20].
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Oco6eHHOCTU (PYHKLUOHMPOBAHUSA
M pa3BUTUA CTPOUTESIbHbIX hOPMUPOBaHUN
Ha pbIHKE MHOIO3TaXXHbIX XWUJbIX 3AaHUN

B ycnoBusix feaTenbHOCTN CTPOUTENbHbIX (DOPMUPOBAHUN
N BCEX YHaCTHWKOB MHBECTULIMOHHOrO MpoLiecca Ha pbiHKE MHO-
ro3TaXHbIX 3AaHWNA B pa3nnYHbIX permoHax cTpaHbl Hanbonee
pe3Ko BO3HWUKAOT pasnunyHble opraHM3aunmoHHO-TEXHONOrnYe-
CKMe cUTyauun, CB3aHHbIe C HanMynem psga HOBbIX 0COOEH-
HOCTeN, KOraa MeHseTca xapakTep ux paboTbl, B3aMMOJenCT-
BUA mMexay C06Ol7l, Hanpas/ieHNUsa pa3BUTUA Ha PblIHKE XWUIbA
C Y4€TOM HaKOMMEHHOro onbiTa, NoTeHuuana u BUAOB Cnewm-
anusauui. 910 onpegenseTr He06X0AMMOCTb (DOPMUPOBAHMS
N NCNOJIb30BaHUA paunoHalibHbIX d)OpM opraHusauunum cTpou-
TenbCTBA, HanpaBEeHHbIX Ha CTAbUNN3aLuio BCEro CTPOUTENb-
HOro MPOM3BOACTBA U MPOLLECCOB CHWXEHWSA BIUSHUS U3MEHe-
HWIA BHELUHEWN 1 BHYTPEHHEN cpefdbl, pasnunyHbiX BUAOB pUcka.
MeTopamu nccneposaHus, NPUMEHIEMbIMY B paboTe, ABNAOT-
CA TEOPETUHECKUI aHaNn3, IMNMPUYECKOEe U3yHEHWNE C NOCneny-
oMM 0606LLEHNEM M cucTeMaTM3aument NoNy4eHHbIX AaHHbIX,
KpOMe TOro, 6bI5In NCMOSb30BaHbl OCHOBHbIE HAY4HbIE MOAXOAbI:
«ONaNeKTN4eCKU», «CUCTEMHbIN», «OUHAMUYECKUIA», «Bapu-
aHTHbIN», «6anaHCcoBbIN», «MogenMpoBaHue». O6bLEKTOM aHa-
M3a ABNATCS OpraHn3aLnOHHO-TEXHONOrNYeCcKne nNpoLecehbl
BO3BeOeHusa obbekTa HeABWXUMOCTU U AeATeNbHOCTU npeanpu-
ATUA HA PbIHKE MHOIO3TaXHbIX XUIbIX 3AaHUIA C Y4ETOM OCO-
6EHHOCTEWN, y4eT KOTOPbIX BNNSET HAa obecrneyveHne cTabunbHo-
CTU 1 YCTOMYMBOCTU Pa3BUTMS NMPOU3BOACTBEHHbIX MPOLECCOB.

MpumeHeHre pa3nnyHbIX MeXaHN3MOB, MEPONPUATUI B 06n1acTu
MCMNOMb30BaHUA TEXHONOIMNI, paumoHasibHbIX hOpM opraHusa-
UMM MaTepuasnibHOro NpPou3BOACTBa B AEATENBHOCTU NPeanpus-
TWI NO3BOMIUT NOBBICUTb YCTOMYNBOCTb U HAAEXHOCTb UX pa6o-
Thbl B YC/TIOBUSAX BIIUSIHUS PUCKOB M (hakTOPOB HEOMNpPEeaeNneHHOCTM
CTPOUTENBHOIO NPOM3BOACTBA.
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Management of Energy Efficiency
in the Operation and Management of Real
Estate in the Housing and Communal Sphere

The paper explores cross-sector indicators and management methodologies in the housing and communal
sphere, emphasizing their importance for improving energy efficiency and optimizing resources. In the context
of global challenges such as climate change and the depletion of natural resources, the effective use of energy
in housing and communal sphere becomes critically important. This sphere is one of the largest consumers of en-
ergy, and inefficient use of energy resources leads to high costs and negative environmental impacts.
Cross-sector indicators allow for the comparison of energy-saving efficiencyin housing and communal services
with other sectors of the economy, facilitating the transfer of the best practices and technologies. For example,
energy consumption management methods developed in industry can be adapted for heating and water supply
systems in apartment buildings.

The paper highlights several key stages in the management methodology: setting goals for improving energy effi-
ciency, analyzing the current state of systems, assessing energy efficiency, and developing energy-saving meas-
ures. The use of modern monitoring technologies enables real-time tracking of resource consumption and iden-
tification of inefficiencies.

An essential aspect is the need for a comprehensive approach to managing energy resources, which includes in-
teraction with the population and local authorities. This collaboration fosters sustainable development in housing
and communal services and enhances the quality of services provided. Implementing innovative solutions to im-
prove system reliability and reduce utility costs is one of the crucial directions that ultimately relate to achieving

the goal of enhancing citizens' quality of life.

Keywords: energy efficiency, housing and communal sphere, cross-sector indicators, resource management,

modern technologies, ecological aspects

tion of natural resources, the issues of energy sav-
ing and energy efficiency are gaining acute rele-
vance.

Energy saving is a strategic trend in the devel-
opment of the economy of the Russian Federation.
The most part of energy consumption is accounted
for by housing and communal sphere [1].

The housing and communal sphere is a signifi-
cant consumer of energy and faces challenges
such as inefficient use of resources, high costs,
and environmental impacts. In order to address
these issues, it is necessary to implement compre-
hensive energy efficiency regulations. The introduc-
tion of modern energy management technologies
has the potential to reduce costs and improve
the quality of life for those affected by these issues.

The significant functions of the energy manage-
ment service are to ensure that the system
meets the requirements of the relevant standard,
and to implement action plans for consistent im-
provement of energy performance [2].

In the Russian Federation, the main document
that regulates issues of energy saving and energy
efficiency improvement is the Federal Law'.

Compliance with its provisions contributes
to saving energy resources, ensuring energy secu-
rity and reducing energy intensity in the housing
and communal services industry [3]. The law estab-
lishes specific responsibilities for developers

I n the context of global climate change and deple-

and property owners, including in particular the ob-
ligation to ensure that buildings comply with energy
efficiency standards at both the design stage
and during operation. This involves the use of mod-
ern technologies and materials that help reduce
energy consumption.

Moreover, there are also a number of additional
regulations in place, enhancing control over energy
efficiency requirements compliance. Thus, the Or-
der? introduced energy efficiency requirements
for buildings and structures [4].

The coverage of the issues of determining
the balance and correlation between state and mar-
ket self-regulation in the energy sector is studied
on the basis of analyzing the development of the le-
gal and regulatory framework in the field of energy
saving and energy efficiency improvement [5].

Cross-sector indicators are key metrics for as-
sessing energy savings and energy efficiency in dif-
ferent sectors, including housing and utilities. They
allow analyzing and comparing the performance
of different sectors, identifying linkages and facili-
tating the transfer of best practices.

These indicators provide opportunities for inte-
grating approaches from other industries. This can
improve resource efficiency and reduce utility costs,
while also improving the quality of services. Energy
management techniques from industry can be ap-
plied to heating and water supply systems in apart-
ment buildings. By using cross-industry indicators,

1 Energy Conservation and Energy Efficiency Improvement : Federal Law No. 261-FZ dated 11/29/2009.
2 The Order of the Government of the Russian Federation dated 09/27/2021 No. 1628.
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utility companies can identify deficiencies in their energy supply sys-
tems and borrow successful solutions from other industries.

Capital investments include not only the costs of construction,
but also the expenses associated with design work, equipment pur-
chase, and other assets required for the operation of the housing
and communal services industry.

It is also necessary to conduct a timely assessment of the ef-
fectiveness of capital investments [6]. Effective capital expenditures
management (CapEx) is critical for optimizing budget costs, reduc-
ing construction and modernization costs, and improving the qual-
ity of services. It is essential to take into account both current costs
and the introduction of new technologies that help reduce operating
costs.

Estimating the cost of upgrading outdated infrastructure, such
as pipelines and heating systems, is an important step in determin-
ing the feasibility of the upgrade. Replacing old systems not only
helps prevent leaks but also reduces water costs.

To minimize power losses in housing and communal services,
it is essential to implement several effective solutions. Upgrading
existing systems is one of the main methods. It is also crucial to use
energy-efficient technologies that help optimize resource consump-
tion [7]. Regular network performance audits help identify problem
areas and take steps to address them. This, in turn, helps reduce
costs and increase the reliability of communal services by

INDICATORS

OF THE TOTAL BASE
LOAD

SYSTEM AVERAGE
INTERRUPTION
DURATION INDEX

VOLTAGE
QUALITY

PARAMETRES rate tariff

TOTAL HARMONIC
DISTORTION

CALCULATION

introducing modern technologies and regular infrastructure status’
monitoring [8, 9].

Reliability indicators in housing and communal sphere are im-
portant criteria for assessing the ability of these systems to provide
continuous service. These indicators can be measured through in-
ternal monitoring [10], and include the frequency of emergency out-
ages, recovery time after failures, and user satisfaction levels. High
reliability rate helps to build consumer confidence and improve
an organization's reputation in the industry. Regular monitoring al-
lows for the identification of problem areas and the implementation
of measures to address them, ultimately improving the overall qual-
ity of service.

Fig. 1 illustrates the relationship between the content of relevant
price categories, possible parameters, and methods for evaluating
relevant indicators, as well as the timing of changes in these price
categories.

These metrics allow to evaluate the extent of strain on the pow-
er grid, the electricity supply quality, the harmonic distortion level,
and the effectiveness of resource utilization. By scrutinizing these
metrics, we can pinpoint areas that demand particular attention
when it comes to optimizing energy consumption and resource al-
location. The implementation of smart metering devices becomes
increasingly crucial for data collection and analysis essential
for setting pricing policies and efficient energy management, as
well as for the daily hourly consumption schedule leveling [11].

For the amount of electricity’ purchased, which is accounted for as a whole
during the billing period

For the amount of electricity (capacity), which is accounted for by the day
zones of the billing period

For the amount of electricity' purchased on an hourly basis, without hourly
planning, the cost of electricity transmission services is determined by a flat

For the amount of electricity’ purchased on an hourly basis, but without hourly
planning, the cost of transmission services is determined by a two-part tariff

SYSTEM AVERAGE
INTERRUPTION
FREQUENCY INDEX

SAVINGS
INDICATOR
RATE

For the amount of electricity’ purchased on an hourly planning
and accounting, the cost of transmission services is determined by a flat rate
tariff

For the amount of electricity’ purchased on an hourly planning
and accounting, the cost of transmission services is determined by
a two-part tariff

Fig. 1. Anchor indicators for the price categories defining. Source: compiled by the authors



#4 /2024

MexayHapoaHbI Hay4YHO-TEXHUHECKUI XYypHan

HeoBmX1UMOCTb: SKOHOMMUKA, ynpaeneHune

TPAJOPETY/IUPOBAHME W YNPABJIEHUE XUJTULLHO-KOMMYHAJIbHBIM KOMMJIEKCOM

40
> 1 1
Prioritization of measures according to the specific level a4 Volume and billing
of energy efficiency parameters and energy sating indicators 7
T 2 e 1 The amount
2 T el of the project’s financial
. . . support
Establishing the cost Ranking of objects by .
parameters for the most energy consumption level //’
energy-efficient . n P 1-4
measures ™ 3 AN e ,
e - .-~ Conducting a sequence
. Step-by-step e of subordinate events
mmmm——————— : “w implementation of activities &<~~~ in accordance with
i 4 based on the ranking the rating
Assessing the almn - TR
financin garameters *~ Dnsypy 4 i "/“o\)«\@e
gp H“n.’i’@?[ R

Deterahng the level of funding
for the implementation of measures

The expenditures limit
surpassed

b Assessment of the economic impact 4

The remaining funds alloav
to execute a less expensive  ¢=—=—=-- *
etent

----¢

Defining a set of activities
at the next facility

Fund
balance

]
! Funds are insufficient
I
1

for the comprehensive
implementation of energy
sating measures

The establishment of a fund {
for the implementation of further +
energysating measures

Fig. 2. The structure of the assessment of the initiatives ‘economic efficiency. Source: compiled by the authors

Environmental aspects of management are becoming increas-
ingly relevant in the context of sustainable development. Incorpo-
rating environmental criteria into the decision-making process can
reduce the negative impact on the environment. This may include
the use of renewable energy sources, waste recycling and the intro-
duction of technologies to reduce pollutant emissions.

The quality of voltage in power grids also plays an important
role in ensuring the reliability of electricity supply to consumers,
which can in one way or another influence its quality [12]. Voltage
quality measurement methods include monitoring of voltage, fre-
quency and harmonic distortion. Regular monitoring of these indi-
cators allows to detect deviations and take measures to eliminate
them, which is important for stable operation of electrical equip-
ment and user satisfaction. Effective power loss management, reli-
ability monitoring, environmental considerations and voltage quality
control contribute to the efficiency of the utilities sector by reducing
costs and improving service quality, which has a positive impact
on the lives of citizens and the environment. Thus, the reconstruc-
tion of heat supply systems implies an increase in the efficiency
of fuel utilization, contributes to the increase of heat capacity
and to the purchase of electricity [13].

The methodology of energy efficiency management in the hous-
ing and communal sphere is designed to optimize resources, re-
duce costs and enhance service quality. It comprises several criti-
cal stages.

The first step is to set specific and measurable targets for en-
ergy efficiency improvements, taking into account the views

of residents and authorities. It is also important to develop strate-
gies for infrastructure modernization and technology deployment.
The next step is to analyze the current state of the systems, which
identifies the strengths and weaknesses of the resources. Energy
audits help identify inefficient areas for optimization.

At the stage of assessing energy efficiency, a range of methods
for analyzing energy consumption are employed, encompassing
the use of specialized software and the implementation of com-
parative analysis. These findings serve as a foundation for identify-
ing critical areas that require immediate attention in terms of imple-
menting energy-saving initiatives.

The key step is to analyze the financial situation, which includes
assessing the current costs and forecasting the benefits of imple-
menting energy saving technologies, as well as considering differ-
ent financing scenarios.

The economic impact of energy-saving measures is character-
ized by a multitude of indirect effects arising from alterations
in the fundamental process of energy consumption. These modifi-
cations affect auxiliary processes that are not inherently linked
to energy consumption, but rather have their own financial as-
pects [14].

Based on the analysis, a range of energy-saving measures are
being developed, encompassing the modernization of heating sys-
tems, the implementation of automation for optimized consumption,
regular audits of facilities, and the professional development
of staff. These initiatives not only contribute to reducing energy ex-
penses but also enhance the overall quality of services provided.
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Modern monitoring technologies, such as sensors and auto-
mated metering, allow you to track the status of networks and re-
source consumption in real time. Building Management Systems
(BMS) help to optimize the operation of engineering systems.

Energy conservation planning includes prioritization, action
plan development, technology implementation and staff training.
Effective planning prevents delays and cost overruns. Monitoring
results involves regular collection of data on resource consumption
after measures have been implemented. This can be done through
automated accounting systems or periodic audits [15].

Determining the level of adequacy of funds involves assessing
the required investments, including the housing and utilities organ-
izations’ own funds and external sources of funding. It is important
to conduct a detailed budget analysis for successful implementa-
tion of initiatives.

Thus, the management of rationing and energy efficiency
in the housing and utilities sector is a complex process that requires
a careful approach at all stages, from setting goals to monitoring
results, which contributes to increasing resource efficiency and im-
proving the quality of life of citizens.

The use of a hierarchical structure in the assessment of eco-
nomic efficiency contributes to a more accurate definition of energy
saving and energy efficiency strategies (Fig. 2).

The hierarchical structure in the assessment of the cost-effec-
tiveness of measures aimed at improving energy saving and energy
efficiency in the housing and communal sector is a critical element,
as it ensures prioritization of measures based on cost analysis
and expected results, as well as ranking of facilities by energy con-
sumption level to identify the most vulnerable elements for improve-
ment. In addition, this structure allows for the verification of the main
financing parameters against expenditure limits, which helps to pre-
vent overspending, as well as the assessment of the economic im-
pact of the implemented solutions, which in turn contributes
to a more informed allocation of resources. It is also important
to take into account the volume and tariffication of payments, which
affect the financial sustainability of projects and their attractiveness
to investors, thus forming a comprehensive package of resources.
for investors, thus forming a comprehensive approach to energy
management and cost optimization in this area.
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Kpocc-oTpacnesbie nokasatenu No3BONSIOT CpaBHUBATL -
(heKTUBHOCTb 3HEProcOepexXeHns B XUIULLHO-KOMMYHaNbHOM
XO35IMCTBE C APYrMMU CeKTopaMm 3KOHOMUKK, H4TO CMOCO6CTBY-
€T NepeHoCy Ny4LUMX NPaKTUK U TeXHonormn. Hanpumep, meto-
Obl yNpaBneHns dHepro3aTpaTaMm U3 NPOMbILLNEHHOCTU MOTYT
6bITb a4anTMpoBaHbl 4518 CUCTEM TENI0CHA6XEHUs 1 BOOOCHA6-
XEHUs MHOrOKBapTUPHbLIX AOMOB. B cTatbe Bbigenserca He-
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r0 COCTOSIHUSA CUCTEM, OLIEHKa 3HEPreTn4eckomn atheKTUBHOCTH
1 paspaboTka MEpPONPUATUIA NO SIHEProcOEepeXeHmto.

Mcnonb3oBaHNe COBPEMEHHbIX TEXHOSNOIMIN MOHUTOPUHIA Mo-
3BONSIET B peanbHOM BPEMEHMW OTCNIEXMBATL NOTpebneHne pe-
CYPCOB 1 BbISBNSATb HE3(MMEKTUBHbIE yHACTKU. BaxHbIM ac-
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NeKTOM sBNsieTC Heo6X0AMMOCTb KOMIMIIEKCHOro nogxofa
K yrnpaBrieHUo 3Hepropecypcamu, KOTOpbIi BKMOYAeT B3avMo-
LOENCTBME C HAceleHNeM Y MECTHLIMU BIliacTAMU. DTO COTPYA-
HMYECTBO CNOCOGCTBYET CO3AAHMI0 YCTOWYMBOIO Pa3BUTUS XK-
NINLLHO-KOMMYHambHOro X03SMCTBA U YNYHLIEHWIO KavyecTBa
npefocTaBnseMblX ycnyr. BHepeHue MHHOBaLMOHHBIX peLue-
HWI 415 NOBbILLEHWSI HAAEXHOCTU CUCTEM U CHUXEHMWSI 3aTpat
Ha KOMMYHaslbHbIE YCNyry SBNSETCH OOHUM U3 BaXHEWLUMX Ha-
NpaBfieHUi, YTO B KOHEYHOM UTOre CBA3AaHO C JOCTUXKEHWUEM
LieSI NOBbILLEHWS YPOBHS XWU3HU rpaxaaH.

Knro4deBbie cnoBa: 5HEProsahPEeKTUBHOCTb, XUSTNLLHO-KOMMY-
HallbHOe XO3ICTBO, KPOCC-0TPAC/IEBbIE MOKa3aTesnu, yrnpasie-
HUWe pecypcamm, COBPeMeHHbIe TEXHOJIOMMU, SKOJIOrMYecKne ac-
MeKTbl
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Prospects of application of educational-
technological task in the formation of information
models of university campuses

This paper is a continuation of a series of publications devoted to the intermediate results and prospects of digital
and regulatory-technical transformation in the construction industry of our country and its impact on individual tasks
of the investment and construction cycle arising from the creation of modern university campuses. The programme
of creating a network of university campuses, is one of the main drivers of scientific and technological development
and personnel training in the Russian Federation at present. In this regard, in previous publications in the develop-
ment of this topic, the author proposed and substantiated the need to introduce into the system of construction docu-
mentation of the Campus Programme, educational-technological conditions as a new type of engineering parameters-
measures of the material-spatial environment and Educational-technological task as a new type of document, which
can be part of the design task or an annex to it, as well as part of the subsequent contract for the provision of services
for the management or technical operation of the campus. When applied, the Educational-Technological Assignment
(hereinafter referred to as ETA) becomes the only available comprehensive tool for forming qualitative and quantitative
functional-technological and operational parameters of campus facilities, in accordance with the adopted target mod-
el of the educational organization, defined in its development programme. In this paper, the author proposes the al-
gorithms for the formation of ETA, describes the need and possibility of its integration with the technology of informa-
tion modelling and directly with information models of capital construction objects. This is determined by the fact that
in view of the current legal requirements, the information model is designed to cover and unite all stages of the life cy-
cle of a capital construction object.

Keywords: design task, normative-technical documents, functional-technological requirements, educational-techno-
logical task, registers of requirements, parametric normalization, Classifier of construction information

INTRODUCTION conservation; ensuring the predictability of the per-

In the introduction, let us recall what we managed sonnel policy of the operation system, etc.

to establish regarding the ETA in the previous publica- REQUIREMENT REGISTRIES

tion. ETA is a document containing a set of basic re-
quirements established by normative documents,
certain educational and technological conditions
and the target model of the educational organization.
The approach to the development of ETA is built from
the “realized function”, i.e. from the type, scale, fea-
tures and parameters of educational or research pro-
cesses. ETA can be oriented to separate buildings
and groups with different functional-technological
content, within the framework of new construction, re-
construction, major repairs [1]. ETA by the customer's
decision can become a part (appendix) of the design
task, because it is formed on the basis of synthesis:

e parameters of the material and spatial environ-
ment;

e characteristics of the realized educational pro-
cess or research and scientific-production ac-
tivity;

¢ applied educational and research technologies;

¢ peculiarities of educational and research infra-
structure;

e functions necessary for transformation of the ed-
ucational environment for modern tasks and ad-
vanced development [2].

ETA is based on the following principles: increas-
ing the functional flexibility of the university environ-
ment; increasing the organizational and technological
sustainability of the university during the operation
period; increasing integrated security and resource

AND PARAMETERS IN THE STRUCTURE
OF THE ETA

As it has already been mentioned, ETA is formed
on the basis of synthesis of the parameters of mate-
rial and spatial environment, realized educational
process, research and production activities, applied
educational and research technologies, educational
and research infrastructure. In the previous publica-
tion, the author gave an approximate structure
of the ETA, which, in his opinion, would optimally
contribute to the solution of the tasks set before it.
Taking into account the fact that in most cases
the ETA will be a part of the design task, its structure
should reflect mainly those issues that are insuffi-
ciently disclosed or absent in the standard version
of the task. This refers to the “Form of the developer's
or technical customer's task for the design of a capi-
tal construction facility, the construction, reconstruc-
tion, capital repair of which is carried out with the in-
volvement of funds from the budgetary system
of the Russian Federation” [3]. These are the issues
of functional zoning of buildings, floors, premises,
organization of student flows, safety and comfort is-
sues, created automated and high-tech workplaces,
ensuring functional efficiency, requirements for mi-
croclimate, requirements determined by the specifics
of manufactured products, rendered services, imple-
mentation of technological navigation, possible ex-
pansion of infrastructure, requirements
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for microclimate by rooms and zones, formed operational parameters
and much more.

But it is not only inefficient, but sometimes even impossible to en-
ter, correct, or read these data and information in text form or
in the form of explications. This means unnecessary processes, addi-
tional losses, reduced accuracy, avoidance of automation, etc.
The digital and normative-technical transformations developing
in the construction industry today equip us with such tools as the infor-
mation model with its data, digital twins, registers of requirements,
parametric method of standardization. These are the tools of tomorrow.
In this regard, and based on the developments in the field of integra-
tion of registers of requirements and parameters described in previous
publications [4], the author proposes to classify and combine all qual-
itative requirements and calculable parameters that determine func-
tional, architectural, construction, engineering, technical and other
properties of capital construction objects of university campuses into
a single system with common algorithms of formation and develop-
ment. In such a system, the parameters should be formed taking into
account a variety of flexibly customizable properties and criteria.
The formed system in digital format will be able to contain data
on functional processes in campus buildings, their parameters
and properties, necessary flexibility and so on. As such a digital sys-
tem, it is proposed to consider the Combinatorial Matrix. The prototype
of the Combinatorial Matrix was developed by the author together with
N.V. Kashirina.

The approach to the development of ETA based on the application
of the Combinatorial Matrix is more universal, because the method
of parametric normalization is taken as a basis. This method allows
to provide uniform standards and parameters for all participants
of the construction process, to guarantee uniformity in the work of all
parties, more accurately predict the results and control the construc-
tion processes [5]. In this regard, the registers of requirements can
include both mandatory requirements of regulatory documents and re-
quirements proposed by developers, which are supposed to be justi-
fied. This will ensure the achievement of adaptability and sustainability
of ETA.

The application of the register principle and parametric normaliza-
tion in the basis of the ETA allows it to become a modern, effective tool
for describing the complex material and spatial environment of the uni-
versity. It is equally applicable both at the stage of preparation
of the task for the design of a new construction object and in prepara-
tion for major repair or reconstruction.

COMBINATORIAL MATRIX

Combinatorial matrix can be defined as a complex integrative tool.
When applying the matrix, it is necessary to start from the required
function and characteristics of the room, or to be more precise,
of the space, because at the pre-project stage “rooms” as an architec-
tural volume do not exist yet, and then adjust its properties to the re-
quired tasks. Combinatorial matrix can contain different types of re-
quirements: mandatory, voluntary, recommended from normative
and technical documents and regulations, design or operation manu-
als, as well as appropriate educational and technological conditions.
The main criteria for selecting the requirements is compliance with
the stated characteristics and functions of spaces and technical
equipment of campus facilities. In this respect, the matrix corresponds
to the basic provisions of the register principle [6].

The proposed structure of the matrix can have several levels of ra-
tioning when using the parametric method. The upper level is the goals
of rationing, they are defined by laws and should realize the corre-
sponding socially important tasks. Applied to universities, this is

the realization of the Standard of innovative educational environment
(campuses) [7]. The next level of the hierarchy is functional require-
ments. These are architectural and construction, engineering, func-
tional-technical, functional-technological and operational require-
ments, zoning requirements, selected taking into account the functions
of the designed object. In the conditions of creating an innovative edu-
cational environment, the goal to be achieved by complying with spe-
cific regulatory requirements comes to the fore. Only in this case, in-
stead of the goal there will be functions, because on the campus site
it is necessary to create such material and spatial conditions so that
they would allow to solve the tasks of another order — the tasks of sci-
entific and technological development. Therefore, variability, flexibility
of requirements and parameters depending on the requested func-
tions is necessary. Typical solutions for the construction of buildings
of higher education institutions, mostly do not meet the modern de-
mands of the educational environment. This is a consequence
of the transition to Education 3.0 [8], the transformation of universities,
the introduction of new educational technologies in the educational
process, the use of high technologies and so on.

In the hierarchy of the combinatorial matrix the problem of param-
eter formation for each room is progressively solved. At the beginning,
the level of education is determined (bachelor's, specialist, master's,
postgraduate). Then, the type of training: frontal, non-frontal, collective,
group, individual training. After that, types of classes: coursework, pro-
ject activities, student research work, startup-incubator, joint projects
with industrial partners, advanced training, accelerated professional
training [9], etc. For each room, sets of functional requirements are
taken into account, provided at the design stage and maintained
at the operation stage in connection with the relevant codes
of the Classifier of Construction Information (CCI) [10], (if available).
The proposed list takes into account new types of training that meet
the modern demands of the educational process. For all types of train-
ing, the matrix takes into account differences in the scale and number
of practical tasks that a student or young scientist performs as part
of his/her educational or research activities. This is reflected in the di-
versity and specific requirements for the spaces of campus facilities
(in particular, teaching, research and other specialized laboratories).

In the Combinatorial Matrix, each level of education corresponds
to the type of learning and function to be realized in the material-spatial
environment. The rooms are labeled by type in accordance with
CP 118.13330.2022. “Code of Rules. Public buildings and struc-
tures” [11] and in accordance with the codes of CClI.

A fragment of the matrix considering the type of training and func-
tion can look as follows:

1. Function: EDUCATION:

1.1. Level: Bachelor's degree/specialization.

1.1.1. Type: Basic disciplines.

11.1.1. CSl code.

1.1.1.1.1. Room type.

An excerpt of a transcript of the Cll codes, linked to room types, is
as follows:

IBAEI Teaching spacel

IBAEO10I Lecture halll

IBAEO20IUniversal classroomsl|

IBAEO30IUniversal classrooml

IBAEO40ISpecialized training rooml

IBAEO60IComputer labl

A selection of normative and individual requirements to ensure
the effective implementation of the educational or scientific process
are attached to the rooms in the matrix. The requirements are se-
lected in such a way that the room can become multifunctional
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and modelable for changing tasks of the scientific and educational
process [12]. For example, in order to take into account, the modern
demands of distance and combined education, the combinatorial
matrix takes into account the functions of the educational process,
which involve live broadcasts of laboratory experiments, the possi-
bility of conducting webinars and classes in AR, VR environments.
Thus, the combinatorial matrix allows to establish, assign and bind
the necessary register of requirements and parameters-measures
to each space or room of each campus object. The formed require-
ments and parameters are to be systematized and placed in the ETA,
which in turn can reasonably become an annex to the design task.

INTEGRATION OF ETA WITH THE INFORMATION MODEL

Information model (IM) is a set of electronically presented docu-
ments, graphical and textual data on the construction object, placed
in the common data environment and representing a reliable source
of information on the object at all or some stages of its life cycle [13].
The listed materials and data begin to be formed at the very initial
stages of the life cycle, in particular, while identifying functional
and technological requirements, which then become the basis for de-
sign solutions. In the process of digital transformation of the construc-
tion industry, there is a need to supplement the information model with
new, additional data and information. For example, about construction
manufacturing technologies, material properties, and performance
characteristics. In the last two years, the task of creating digital regis-
ters of requirements and their integration with the information model
has become more and more frequent.

While researching this task, the author, together with the student
of NRU MGSU A.T. Asanova, conducted a selective comparison
of digital tools open for use, with the help of which this integration can
be realized to a greater or lesser extent. For this purpose, normative-
technical, functional, operational and other requirements to the build-
ing, its elements, structures, engineering systems were systematized
and analyzed, as well as parameters that are usually present in design
solutions and materials in text, graphic or explication format.

The study of the possibility of integrating these requirements
and parameters into the information model was carried out by the ex-
ample of Revit Autodesk and Microsoft Excel programmes. Excel

WIMEIRE U1 YPUBHE WU

Mepemelwars ¢ coce... [:l

|

=t

Pazmeps
Dopmoobpazyiolm...

=

MameHuTs...
ObWan NnAoWaaAL No...

140.900 m?
107.250 m*

Obwan NAoWAAL NO...
Obwmi obrem

Waentudurauma
Wsobpaxenve
Kommentapum
Mapka

Cragmm
Craaun Bo3pefenna  HoBan KOHCTRYKUMA
Craaua cHoca Het

CeoWCTEa MOZENW
ApXUTEKTYPHO-CTPO...

YMOW3ONAUMKA C‘I{-:-H

HeoBxoANMOCTH WYMOWIONALMK NOTONKOB
eobxXoagMMOcTH LWYMOMIOAALMM CTEH |
HED&XGAHMDCH:I CMEXNHOM pasMelleHna C 4pyTUMK NOMELWEHWAMK
GecneyeHuio B3aMMOCEAIN WHTEPLEPOB OTASNBHEIX nomeLleHui.
GOCHOBAHMIO MIN BLICOTEI NOMELLEHWA .
PaBHOMEDHOCTH ECTECTEEHHOMD OCBELWEHWA

. | CnpaBka no ceoicTBam I MpumMeHUT:

Fig. 1. Requirement formulations placed in the information mod-
el materials

contained a list of architectural and construction requirements
for structures that needed to be entered into the information model
in the Revit programme. Several auxiliary programmes with which this
could be accomplished were also examined. The first was Speckle,
which is an open platform for data exchange between different pro-
grammes, design and collaboration in a 3D environment; the second
was DiRoots, which is a less popular programme, but has more agile
options for importing data from Excel to Revit. DiRoots is a utility pro-
gramme for Revit; the third — Dynamo extension, built into Revit envi-
ronment, allows adding lists, for example, to model properties (Fig. 1).

By applying the Dynamo extension, the model can be a represen-
tation of even the smallest volume, such as a single room. In this way,
certain requirements will be linked to a specific element, structure or
equipment. This solution has the greatest development prospects,

Fig. 2. Code fragment for Dynamo
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because in this case, the requirements from Excel can be integrated
with various elements of the information model, guided by the Rules
of formation and maintenance of the information model of the capital
construction object [14]. Initially setting the necessary settings
and conditions implemented in the information model, it is possible
to significantly simplify the design tasks. It should be noted that
in Speckle and DiRoots, importing data from Excel is almost automat-
ic. Whereas Dynamo is an application for visual programming, there-
fore, it is necessary to generate programme code in it first. The code
fragment is shown in Fig. 2. It shows the programme code for import-
ing lists from Excel to the properties of elements, structures, equip-
ment.

The logic of the Dynamo programme implies the use of id [15]
for the elements to be changed. These id's need to be uploaded from
Revit to Excel before starting to write programme code. This prepara-
tion is necessary so that the row ids from the Excel spreadsheet data
match the element ids from Revit and integrate in the right order. This
task is to establish a match between the element id and the Excel
spreadsheet data. This condition imposes certain inconveniences
in writing code for Dynamo. From the above analysis results we can
conclude that with the help of ETA, it is possible not only to realize
the pre-design and design stage of the life cycle of university facilities
at a more modern, efficient and safe level, but also to significantly im-
prove the formation and maintenance of their information models.

CONCLUSIONS

University campuses, by definition, should have unique character-
istics that differ significantly from standard requirements. They repre-
sent an organized set of multifunctional objects performing educa-
tional, research, innovation, social, and service functions, united by
infrastructural issues of development. The ETA proposed for consid-
eration is one of the few tools with the help of which the formation
of a system of initial data for design and operation can be carried out.
The educational and technological conditions contained in it reflect
the system of interrelationships between the characteristics of various
types of educational, scientific or auxiliary activities and the corre-
sponding or required parameters of the created or preserved material
and spatial environment of campus facilities. The author reasonably
assumes that the ETA tool can be further developed through the crea-
tion of a register of requirements in the form of data cards in *xml, as
well as combining the requirements tied to the relevant spaces
and technical equipment of the campus to determine the functional
zones of premises or cross classification.
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HYKaIOLLME NPY CO3OaHUN COBPEMEHHbBIX YHUBEPCUTETCKUX KaM-
nycoB. MNporpamma co3gaHus CeTU YHNBEPCUTETCKUX KammycoB
ABNAETCSA OQHWM U3 OCHOBHbIX ApavBepoB Hay4YHO-TEXHOMOMM-
4YeCcKOoro pasBuTUS 1 NOAroTOBKM KagpoB B Poccunckon ®epe-
paumu B HacTosiiee Bpems. B cBf3n ¢ aTUM B npeabiayLimx
ny6avkaumsx B pa3BUTUE OaHHOW TEMbI aBTOp npegnaran n 06o-
CHOBbIBan HEO6X0AMMOCTb BBEAEHUS B CUCTEMY CTPOUTESIbHOM
DOKyMeHTauun KamnycHon nporpammbl, 06pa3oBaTenbHO-Tex-
HOMOTrNYECKMX YCNOBUIA Kak HOBOIO TUMa WHXEHEPHbIX napa-
MEeTpOB-U3MepUTENENn MaTepmnanbHO-NPOCTPAHCTBEHHOW cpe-
Obl 1 o6pa3oBartefibHO-TexHonornyeckoro 3agaHus (OT3) kak
HOBOrO TNa AOKYMEHTA, KOTOPbIN MOXET ABMATLCA YacTblo 3a-



HeaBmXmMMOCTb: SKOHOMUKA, ynpaeneHune

MexayHapoaHbI Hay4YHO-TEXHUYECKUI XYpHan

#4 /2024

TEXHOJIOrUA N OPFAHU3ALIUA CTPOUTENILCTBA

47

A2aHUA Ha NPOeKTUpoBaHMe nnu npuiioXXeHnem K Hemy, a Takxe
YacTbio NMOCNeayoLLIEro OroBopa Ha OKasaHue ycryr no ynpas-
JIEHWIO UNN TEXHWUYECKOW 3KCnyaTauum 06bEeKTOB KanutanbHOro
cTpoutensctia. Mpu npumeHeHnn OT3 cTaHOBUTCA €AUHCTBEH-
HbIM JOCTYMHBIM KOMMIEKCHBIM MHCTPYMEHTOM POPMUPOBaHMSA
Ka4eCTBEHHbIX U KONMYECTBEHHBLIX (DYHKLMOHAIIBHO-TEXHOMON M-
YeCKMX U 3KCMnyaTauuoHHbIX NapaMeTpoB 06bEKTOB Kammyca
B COOTBETCTBMM C NPUHUMAEMON LieNeBor Moaesbio obpasosa-
TENbHOW OpraHn3auuu, onpegeneHHon B ee NporpaMmme pasBu-
Tus. B HacTosLel cTaTbe aBTOp NpeanaraeT anroputMbl dop-
MupoBanus OT3, onucbiBaeT HEO6X0AMMOCTb YU BO3MOXHOCTb
€ero UHTerpaumm ¢ TEXHONOrMen MHMOPMaLNOHHOro MOLAENNPO-
BaHWS 1 HEMOCPELACTBEHHO NHOPMAaLMOHHBIMM MOAENSAMMN 06b-
E€KTOB KanuTasibHOro CTPOUTENbCTBA. DTO ONpPedensieTcs TeMm,
4YTO BBUAY AEWCTBYIOLLUMX Tpe6oBaHWA 3aKoHOAATENbCTBA WH-
cdopMaunoHHas MoLenb Npu3BaHa oxBaTbiBaTb U 06bEANHATL
BCE 3Tanbl XXU3HEHHOrO LUMKNa 06bekTa KanutanbHOro cTpou-
TenbcTBa.

Knro4deBble cnoBa: 3agaHve Ha npoeKkTupoBaHne, HopMaTUBHO-
TEXHUYECKNE [OKYMEHTbI, PYHKLNOHATbHO-TEXHOIOrMYECKUE
TpeboBaHusi, 06pa3oBaTeslbHO-TEXHONIOrNYecKoe 3ajaHme, pee-
CTpbI TPe60oBaHUi, napameTpunyeckoe HopmmposaHne, Knaccu-
ukaTop cTpouTesIbHoV nHgopmaumm
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Determination of the level of redundancy
of the complex construction flow of the cluster-
territory of the existing city development

Among the methods of increasing reliability envisaged in the design, a special place is occupied by the use of re-
dundancy. Redundancy is additional means (or capabilities) beyond the minimum required to perform a given
function. Reservation is a method of increasing reliability by introducing redundancy. The special place assigned
to this method is explained by the fact that redundancy most fully solves the problem of obtaining the required
reliability with relatively unreliable elements. Depending on the type of redundancy used, the following types
of redundancy are distinguished: structural — providing for the use of redundant elements; in the structure
of the object (nodes, blocks similar to those available); temporary — providing for the use of excess time; func-
tional — providing for the use of the ability of elements to perform additional functions; informational — provid-
ing for the use of the ability to perceive additional information coming to the object; load — providing for the use
of the ability to perceive an additional load. One of the main ways to increase the reliability of systems is structur-
al redundancy, which provides for the inclusion of additional facilities in the system. Structural redundancy differs
in a number of ways: the reserve is switched on permanently or the reserve element is switched on as needed (re-
placement reservation, unloaded reserve); individual or group redundancy; the transition to the reserve element
occurs instantly or it takes a finite time to switch; the system of health monitoring and reserve management is ab-
solutely reliable or has ultimate reliability, etc. The variety of types of redundancy has led to the creation of doz-
ens of different models that take into account the specific specifics of the systems.

Keywords: resource reservation, intensity of specialized flow, complex construction flow, cost of maintenance
of reserve resources, the principle of choosing the optimality criterion

kigorvlad@yandex.ru

he level of resource reservation (power type) is

I determined by the additional intensity that

should ensure the performance of a given

amount of work in the estimated time with a given re-

liability [1, 2]. To determine this level, taking into ac-

count the optimality criterion, the following sequence
can be proposed:

1. Statistical data on the intensity of private
flows in the studied investment and construction
project of the real estate object are collected
and analyzed.

2. The average statistical values of the alternat-
ing intensities of partial flows — /, as well as their
variances 02 and average deviations — o are calcu-
lated.

3. The earliest dates for the entry into operation
of the main specialized flows of the complex flow
are found. These deadlines are found as a result
of analyzing the linear or network construction
schedule of the entire facility as a whole. If the found
average value of the intensity of the final specialized
flow I does not allow the completion of the con-
struction of the facility as a whole within a specified
period, then a corresponding increase in intensity
should be ensured by attracting reserve resourc-
es [3-5].

4. The optimal level of reliability P — P is de-
termined for the corresponding specialized flow,
which makes it possible to complete the construc-
tion of the facility as a whole in the optimal time pe-
riod Topr

5. The average shift intensity of the final special-
ized flow /y is calculated, the value of which is de-
termined, in addition to the many factors affecting it
by the intensity of the preceding factors, also spe-
cialized flows interconnected by a single system

of parameters of the construction flow, /i is neces-
sary to comply with the construction period T,
which ensures the commissioning of the entire facil-
ity within the estimated time, according to the for-
mula [6]:

s Q, (r=0.5)
/sf = qch = Sf sf)’ (1)
(Tupt - Tdep/)

where Tsp, — construction period; T, — the de-
ployment period of the specialized (final) flow.

6. The required shift intensity is calculated /;
according to the formula:

rel _ prel
f=qr= TRl ®
(Tapt - Tdep/)

7. The necessary increase in the volume of work
is determined Q"

Q= QE(P[E’ = P’E’) - Qﬁ(P’e’ < P’e/), (3)

opt opt

rel

were Qﬁ(P < Po’:t/) — amount of work that will be
completed on time 7, at an intensity /.

8. There is a deadline for which the volume
Q(F;’e’ = F;’:t’) will be completed at an intensity /¢
and P < P by the formula [7]:

opt
rel rel
T — Qc (Pr = R)p[).
f lsf

4)

9. The excess of the expected period over
the optimal period T, ( R,’,f,’ = T, is determined as
a result of low reliability P < P,/ by the formula [8]:

AT =T (P < B} - T,

opt opt

rel _ prel
(ri=ri) ®
where AT = T working or dt calendar days.

10. Losses (C,,s,) are calculated from the delay
in commissioning of an object or complex of objects
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as a result of exceeding the construction period for the final construc-
tion flow by dt days [9, 10].

11. The cost of maintaining the reserve resources C,, should not
exceed the value C,,4, in accordance with the condition.

The following general recommendations can be made regard-
ing the nature and conditions of the allocation of reserve resources
[11,12]:

e along with the collection and analysis of statistical data
on the intensity of private flows, the level of unproductive time
losses characteristic of each of them is also revealed;

e average values of total intra-shift losses (X) and the probabil-
ity of whole shift P(X,,) losses of working time in private flows
are calculated. In each private flow, the amount of critical
downtime X, is determined, taking into account the degree
of loading of the main machine or the flow crew (of this private
flow);

e REL (organizational and technological reliability) of private
flows is calculated using the formula:

Pjre/ = e—q)xcd/ (6)

in individual flows, the degree of influence of various factors
causing unproductive time losses is assessed and significantly in-
fluencing risk factors are identified [13];

e reserve resources are selected to neutralize the factors that
significantly affect P/’e’ of private flows;

e measures are being developed to use reserve means
of mechanization of machines or crews outside the flow or
in the flow, depending on the technological content of this
particular flow. This means that if a private thread is working
flawlessly, backup resources are not idle outside of it (for ex-
ample, on backup objects or in parallel threads). Thus, a sig-
nificant part of the cost of maintaining reserve resources is
repaid [14];

¢ the cost of maintaining all reserve resources Cg;,, of each
specialized flow is calculated, where such resources are
used. Then from Cg;,, the value of the economic effect C,q,
obtained as a result of the use of reserve resources and dur-
ing periods of uptime of the flow is subtracted. Then the ac-
tual cost of maintaining reserve resources for the entire period
of operation of the specialized flow will be:

Crf.r = Cffr - cuse; (7)

. Pj""/ of private flows is calculated, taking into account redun-

dancy. To do this, new values of X, P(X,4), X, are defined;

e condition T = Pj’e/ is checked for the final specialized flow as

part of a complex one.

Thus, the assignment of the type of reserve resources and their
distribution to specialized flows are made on the basis of an analy-
sis of the REL of private flows, an assessment of the degree of influ-
ence of various factors causing unproductive time losses. Reserve
resources are being selected to neutralize risk factors that signifi-
cantly affect the reliability of private flows.

The presented basic principles for determining the level of re-
dundancy assume:

1. The method of backup grips.

2. The main method of increasing the REL of the construction
complex flow should be recognized as economically justified resource
reservation. The main requirement for the optimality of reserving re-
sources (such as capacity) is that the cost of maintaining these re-
sources does not exceed the amount of the economic effect

of increasing REL and reducing construction time. As a criterion
for the optimality of the level of resource reservation during the con-
struction of a complex of facilities, a minimum of total costs can be
selected. The REL level, which allows the construction to be complet-
ed in the optimal time, is proposed to be considered optimal. Increas-
ing REL with the help of reserve resources by maintaining the actual
flow rate at a given level with the necessary probability [15].

3. The type of reserve resource is determined by destabilizing
factors specific to this particular flow, since downtime due
to the lack of a front of work cannot be used as reserve resources.

4. The use of reserve resources to increase P/’Q/ of a complex
construction flow can be justified only if it satisfies some criterion
of optimality.

5. The requirements for the optimality of resource reservation,
based on the optimality criterion, can be formulated as follows:
the problem of the construction flow, which is insufficiently devel-
oped, is taken into account, while the issues of resource reservation
are also included. It can be assumed that in the process of devel-
oping research on this very important problem, various methods
of economic justification for reserving resources will be proposed.
One of the possible methods of economic justification of resource
reservation is proposed in order to increase the efficiency of the in-
tegrated construction flow, which allows taking into account
the specifics of the urban construction complex.

In general, the principle of choosing the optimality criterion for re-
serving resources can be characterized as follows: there is a depend-
ence between the reliability P/‘““ and the construction period T (Fig. 1).

But although with an increase in REL, the construction period de-
creases, and the economic effect of putting the facility into operation
at an earlier date increases, this happens to a certain limit, after which
a further increase in reliability becomes unprofitable. It follows from this
that there is some optimum, after which a further reduction in the con-
struction period of an object or group of objects becomes unprofitable.

Let's prove this position on a concrete example of the restora-
tion of the housing stock of Mariupol (DPR).

Therefore, if we design a complex construction flow for a given
construction period, then it is advisable to take the optimal period
as such. Then, if the REL of the flow is such that the construction
period T, is longer than the optimal period, then it is necessary to in-
crease reliability by so much that the construction period is equal

to the optimal one — T, (P = P5™).

C, ths RUB/200

«©

0 Topf T, years

Fig. 1. Graph of the dependence of the total cost C, on the dura-
tion of construction T,
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C, ths RUB

Losses from late
commissioning of the facility

P S ——

0 Ptre/ < PO’;/ Ptre/ — POI;/ Ptre/ =1
Fig. 2. The fundamental relationship between reliability, the cost
of maintaining reserves and the magnitude of the economic effect

The minimum of total costs is taken as the criterion for the opti-
mality of the construction period, and the dependence between
the amount of total costs C, and the duration of construction 7, is
established. The nature of this dependence is shown in Fig. 2.
A delay in the entry of the final object by t working days will cause
a delay in the commissioning of the entire complex by at calendar
days, where:

o= -3 ®
T T

work work

is a coefficient equal to the ratio of the number of calendar days per
year to the number of working days of the year.

Therefore, in this case, it is possible to compare the reliability
of the final specialized flow for the restoration of housing stock with
the criterion for the entire range of costs.

Certain costs are required to increase the REL of the complex
flow. At the same time, of course, with increasing reliability, the cost
of maintaining it at the required level increases, and the construc-
tion period decreases.

At the same time, with increasing reliability, losses from late
commissioning decrease. Given the inverse relationship between
the reliability P/’S/ and the duration of construction T, the cost func-
tion C = f(r) will be the inverse of the one shown in Fig. 2.

REFERENCES

1. Abdullaev G.I. Features of assessing the reliability of construction
flows. Izvestia of higher educational institutions. Mining magazine.
2010; 6:24-26. (rus.).

OnpepeneHune ypoBHsi pe3epBUPOBaHUS
KOMMJIEKCHOTO CTPOUTENIbHOTO NOTOKa
KNnacTep-TeppUTOPUN CIIOXKUBLLIEHCS
3acTpoOWKMK ropoaa

Cpeny MeToO0B NOBbILLEHWS HAAEXHOCTW, NpefycMaTpuBaeMbIx
Npy NPOEKTNPOBaHNK, 0CO60e MECTO 3aHNMAET WCTONb30BaHNe 13-
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Haunboree NofHO NO3BOMSET PELLUTL 3adady NonyYeHns Tpebyemon
HafEXHOCTUN NP OTHOCUTENBHO MasnioHaAEeXHbIX aneMeHTax. B 3a-
BMCYMOCTU OT BUAA MUCMOMb3YEMON N3ObITOYHOCTU pasnuyatoT cre-
JyroLye Bubl pe3epBrpOBaHUS: CTPYKTYPHOE — NpefycMaTpmBato-
LLiee MCMOoNb30BaHME N36bITOYHBIX ANEMEHTOB; B CTPYKTYpE O6beKTa
(y3noB, 6510KOB, aHaNorM4HbIX MMEKLLMMCS); BPEMEHHOE — MNpef-
ycMaTpuvBaroLLiee UCMOoSb30BaHNE N36bITOYHOMO BPEMEHW; hyHKLUU-
OHaJlbHOe — npefycMaTpuBaloLLiee UCroib30BaHNe CoCOO6HOCTU
3M1EMEHTOB BbIMOMHATb [OMOMHUTENbHbIE (PYHKLIMK; MHADOPMALIMOH-
HOe — npegdycMaTp1BatoLLEee UCMONMb30BaHNE CMOCOHBHOCTH K BOC-
NPUSTUIO JOMONHUTESIbHOM MHAbOpMaLMK, MOCTYNAKOLLIEN HA OOBEKT;
Harpy3o4Hoe — npegycmMarpuBaroLLee UCNoNb30BaHME CMIOCOOHO-
CTV K BOCMPUSATIO [OMOMHUTENBbHOM Harpy3ku. OfHUM 13 OCHOBHbIX
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CMOCOGOB MOBbILLIEHWS HALLEXXHOCTU CUCTEM SBMSETCS CTPYKTYPHOE
pe3epBYpOBaHIe, KOTOPOE NPedyCMaTpUBAET BKIIOYEHVE B COCTaB
CHCTEMbI [OMOMHUTENbHBIX 06bEKTOB. CTPYKTYPHOE Pe3epBupoBa-
HWe pasnuyaeTcs No psgdy NPY3HAKOB: Pe3epB BKIIOYEH MOCTOsH-
HO WY Pe3epBHbIN ANEMEHT BKITKOHAETCS MO Mepe Heo6XoayMOoCTH
(pe3epBMpoBaHNe 3aMeLLEHNEM, HEHArPY>XEHHbIN Pe3epB); MHAN-
BULyasibHOe UMW rpynnoBoe Pe3epBH1POBaHIE; MEPEXOR Ha Pe3epB-
HbIA 371EMEHT MPOUCXOAUT MTHOBEHHO UMM TPebyeTcsi KOHeYHoe
BPEMS Ha MEepeKIIioHeHNe; CUCTEMA KOHTPOSISt paBoTOCMOCOGHOCTH
1 yrpaBrieHnsi pe3epBoM aGCoMOTHO HAAEXHa U UMEET KOHEYHYIO
Ha#eXHOCTb 1 T.4. MHOroo6pasue BULOB pe3epBUPOBaHIS NpUBe-
J10 K CO3AaHMIO JECATKOB PasnnyHbIX MOAENEeN, YHUTLIBAOLLMX KOH-
KPETHYO CreumtuKy CUCTEM.

Knto4eBble c/oBa: pe3epBupoBaHne PecypcoB, UHTEHCUBHOCTb
crneynann3npoBaHHOro NoToKa, KOMIMIEKCHbIVM CTPOUTEbHbIM
MOTOK, CTOMMOCTb COAEPXAaHUS Pe3ePBHbIX PECYPCOB, MPUHLMIT
BbIGOPA KPUTEPUS ONTUMATIbHOCTH
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=3 This paper presents a comprehensive organizational and technological analysis of accelerated construction
processes for civilian high-rise buildings in China, focusing on the adoption of prefabricated construction tech-
niques to address the country’s rapid urbanization and surging housing demands. The study systematically
. identifies and evaluates essential organizational and technological innovations through an extensive compara-
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maintaining uncompromising safety and quality standards. It emphasizes strategic improvements in manage-
ment processes, integration of modern technologies and materials, and enhanced coordination among pro-
ject stakeholders to optimize efficiency and delivery speed. Prefabricated reinforced concrete frame structures
are highlighted as a key solution for reducing on-site construction time and labor costs, providing a practical
response to urgent housing needs in rapidly growing urban areas. Furthermore, the paper introduces an eval-
uation framework using the Analytic Hierarchy Process (AHP) to assess and prioritize the impact factors
of prefabricated buildings, enabling more informed decision-making in project management. This integrated
approach addresses both the practical challenges of rapid construction and contributes to theoretical advance-
ments by offering insights applicable to similar urban development scenarios worldwide. The findings are an-
ticipated to influence future construction practices, fostering more sustainable and efficient strategies to meet
global urbanization challenges effectively.
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INTRODUCTION

As China faces accelerated urbanization, the de-
mand for efficient high-rise construction has surged.
This paper explores rapid construction methods that
support the rapid erection of high-rise buildings
while ensuring safety and structural integrity.
The study focuses on prefabricated construction
techniques, which could revolutionize building pro-
cesses by reducing construction times and labor
costs. A comprehensive organizational and techno-
logical model tailored for rapid high-rise construction
in China is proposed, enhancing efficiency and eco-
nomic feasibility.

SELECTING A MODEL FOR RAPID
CONSTRUCTION

To further explore the factors influencing the rap-
id construction of civil high-rise buildings in China, it
is necessary to identify a model suitable for rapid
construction. A comparison and generalization
of common building types, designs, and functions is
presented below (Table 1).

The use of prefabricated constructions, par-
ticularly precast reinforced concrete frame struc-
tures, enhances the speed and efficiency of con-
structing high-rise buildings in rapidly growing
cities. Concrete's ductility and adaptability support
complex structural designs while maintaining high-
quality control during assembly, accelerating
the construction process [1]. Chosen for its rapid
construction capabilities, this structure also en-
sures building stability and durability, thereby

boosting construction speed and economic effi-
ciency.

FACTORS AFFECTING THE IMPACT
OF RAPID CONSTRUCTION

The establishment of a prefabricated building
impact factor evaluation system (Fig. 1) is based
on the cooperation of multiple prefabricated build-
ing-related enterprises [2]. Therefore, it is neces-
sary to make a comprehensive evaluation of the ele-
ments involved and the complete process
in the prefabricated building industry. In this chap-
ter, the analysis of the hierarchy method (AHP) will
be used to calculate the weights of the indicators
and Kendall's concordance coefficient (W) to check
the consistency.

Based on the research of other scholars
on construction industrialization, housing industri-
alization, and prefabricated buildings, this paper
examines some evaluation indicators of factors af-
fecting the rapid construction of prefabricated
buildings, and some of them are shown in Fig. 2.

The questionnaire was sent to 18 experts from
research institutes, construction companies, de-
sign agencies, and other organizations. A rating
scale from 1 to 5 points (1 — completely irrelevant,
5 — very important) was used to test the impor-
tance of the indicator system.

AHP is a widely used method for multi-criteria
decision analysis [11]. In the study of the rapid
construction of prefabricated buildings, the AHP
model can help us to systematically evaluate
the importance of different influencing factors.
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Table 1. Classification of building types

Category

Types

Suitability for rapid construction

Types of buildings

Skyscraper

Due to the complexity of the design, usually not suitable for fast-track construction

High-rise buildings

The use of prefabricated structures can partially enable fast-track construction

Reinforced concrete construction

Prefabricated reinforced concrete elements can speed up construction

Metal construction

Assembly speed is achieved due to the factory readiness of components

Wooden construction

Particularly suitable for the rapid construction of small or low-rise buildings

Frame construction

Suitable for prefabricated structures to speed up construction

Shear wall construction

The use of prefabricated wall elements makes it possible to significantly speed up
the construction process

Frame-sliding wall construction

The use of prefabrication technology optimizes construction speed and cost efficiency

By material
Types of construc-
tions By load
By method
of construction

Prefabricated construction

Ideal for rapid construction, which reduces time on-site

Monolithic construction

This takes more time but ensures overall structural integrity

Types of functions

Housing function

Prefabricated dwellings can be built very soon

Commercial function

Prefabricated construction can speed up the construction of commercial buildings

f Defining ) f . ) f Ranking )
the objectives Sfe l;(Ctg?s of expert
of the study ) L p ) L opinions )
4 3\ ( . . . 4 N\
Identifying DIStI’I(t))fUtIOﬂ Statistical
key factors jh e questionn aireJ processing
Questionnaire %?'L?;Z)r? Preparing
lopment i’ i
developme opinions conclusions

Fig. 1. Factor assessment process for the speed construction

Table 2. Weight of level criteria

[ Design documentation
Coordination of project works
Modular design [3]
Complexity of design [4]

- Design stage ]

Quality of construction materials
Efficiency of resource utilisation [5]
Production facilities

Level of automation

Innovative production technologies
Quality control in production
Reliability of material supply

Production stage [

Transport speed
Chain management [6]
Inventory management

Transport stage

Installation technology [7]

Quantity _ \ Availability of construction equipment [8]
Number Stage of factors Weight Safety measures at the construction site
oSl ReLE § Construction experience
Construction plan
1 Design stage 4 0.1739 Speed of construction
Construction Coordination
2 Production stage 3 0.1304 Efficiency of project management [9]
Use of information technology
3 Transport stage 3 0.1304 Project ) Contract management
management stage Cost control [10]
4 Construction phase 5 0.2174 Team coordination
Risk management
5 Project management stage 5 0.2174 Regulatory framework
- Support for public policy
Weather conditions
6 External factors 3 0.1304
Fig. 2. Evaluation factors [3—10]
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The construction of the AHP model based on the survey data is
described in detail below (Table 2).

Among the various phases of a prefabricated building project,
the construction stage and the project management stage have
the greatest weight (Table 3). Therefore, strengthening the man-
agement and optimizing these two stages can be the key to im-
proving the overall efficiency of the project.

The formula for calculating the complex weight is as follows:

w, W,

complex = stage :

VVfactor ’ ( 1 )

where W,

complex

— the composite weight of a sub-factor;

W.ee — the weight of the stage to which the sub-factor

belongs;
W,..or. — the weight of a factor within its stage.

The calculation results are shown in Fig. 3.

In prefabricated buildings, construction and project manage-
ment are critical for quick erection due to their high weighting fac-
tor. Modular construction significantly enhances construction ef-
ficiency. Moreover, efficient resource management and supply
chain optimization during manufacturing underscore the complex
nature of prefabrication project management and the need
for an integrated approach to achieve success.

Kendall's coefficient of concordance (W) (Fig. 4) can be used
to check the consistency of expert opinions [12]. If the value of W
is high, it indicates a high consistency of opinions.

Based on the above data, the calculated W = 0.713 indicates
that the experts were more consistent in their assessments
of the importance of the factors.

IMPROVEMENTS FOR SPEEDY CONSTRUCTION

The BEI (Building Efficiency Index) was created to evaluate

the criteria for rapid construction:
BEI = m )

where TP (Target Performance) is calculated based on the ratio

of actual project completion time to planned target time,

expressed as a percentage;

QC (Quality Coefficient) — a rating of the quality of a com-

pleted project, usually between 0 and 1, where 1 means no

defects, 0.8 minor defects, and a lower value serious qual-

ity problem;

TD (Time Deviation) — the ratio of actual project comple-

tion time to the industry average.

For this purpose, set thresholds (Fig. 5).

Example: suppose a project has a target completion time
of 30 days, an actual completion time of 30 days, a project quality
score of 0.9 (minor defects), and an industry average completion
time of 40 days:

30 30
TP = — -100% = 100 %,QC =0.9; TD = — = 0.75;
30 40
_100-0.9- 100 %
0.75

Thus, the project is a rapid construction project.

The following specific measures can be applied to optimize
the efficiency and quality of prefabricated building construction:

1. Assembly technology for frame columns:

e |ocation selection and node design: Locate frame column

BEI =120.

Table 3. Weight of level sub-criteria

Number Factors (glgztt:é Weight
1. Design stage
1.1 Design documents 4 0.0471
1.2 Coordination of project works 3 0.0324
1.3 Modular design 5 0.0610
1.4 Complexity of design 4 0.0334
2. Production stage
2.1 Quality of construction materials 5 0.164
2.2 Efficiency of resource utilisation 5 0.164
2.3 Production facilities 3 0.079
2.4 Level of automation 4 0.108
25 | oo s | om
2.6 Quality control in production 4 0.108
2.7 Reliability of material supply 5 0.299
3. Transport stage
31 Transport speed 3 0.296
3.2 Chain management 4 0.370
33 Inventory management 4 0.334
4. Construction stage
41 Installation technology 5 0.176
42 Availability of construction 4 0.149
equipment
R R
44 Construction experience 5 0.176
45 Construction plan 4 0.149
46 Speed of construction 5 0.176
47 Construction coordination 4 0.176
5. Management stage
51 ::;i:tiency of project manage- 4 0.164
5.2 Use of information technology 3 0.123
53 Contract management 4 0.164
5.4 Cost control 5 0.215
5.5 Team Coordination 5 0.215
5.6 Risk management 5 0.215
6. External factors
6.1 Regulatory framework 5 0.451
6.2 Support for public policy 3 0.274
6.3 Weather conditions 3 0.274
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0 Production stage

Installation technology ¢35 I Transport stage 0,0471 | Design documentation
Construction stage = |
Availability of construction equipment  0.0324 | ijﬁl;nm;nwm stage |. 57 | Weather conditions
ond " 0.0355

Safety measures at the construction site 0

Construction experience )
Construction plan

Speed of construction
Construction Coordination

o~ Support for public policy

\/ Regulatory framework
Risk management

Team coordination

Use of information technology

Step I Caleulate the sum of ranks for each factor

Let Ryj be the rank assigned to factor riy by expert my. R"JEZ Ryj
Then the sum of ranks for factor ny: 2
J
Step 2 Calculate the average rank for all factors g = E
P L jm1 f

Step 3 Sum of squares of deviations of ranks
from the mean value

S Zi_l[“-: ~ Raug)’

Step 4 Calculation of Kendall's coefficient 12%5
of concordance (W) =k=xg‘1_ﬂ
Where & - the number of expents, § - the number of factors,

Fig. 4. Algorithm for calculating Kendall's concordance coefficient

Standard
construction

Slow
| construction

Rapid
l construction

BEl 0 80 120 4]

Fig. 5. Scheme of construction speed thresholds

assembly nodes in areas with lower bending moments to re-
duce stress in the structure (Fig. 6). Development of stand-
ardized mounting nodes and use of prefabrication to in-
crease the early load-carrying capacity of the nodes, which
speeds up construction and reduces costs [13];

e auxiliary support measures [14]: Optimization of the auxilia-
ry support system at the construction site, reduction of de-
pendence on temporary support structures, and increase
of installation efficiency.

2. Installation technology for frame beams. Assembly of frame
girder assemblies outside of beam and column assemblies:
the assembly of frame beam assemblies in the area outside
the beam and column assemblies allows them to be installed to-
gether with whole prefabricated frame columns, thus simplifying
the construction process and increasing the speed of the overall
assembly [15].

3. Installation technology of floor slabs. The application
of the overlap method of a one-piece slab maximally simplifies
the installation of supports at the construction site, expands
the working surface when erecting lower floors, and increases
the efficiency of construction [16]. According to the optimized
structure separation plan for the prefabricated frame structure,
the proposed construction process is as follows (Fig. 7):

e delivery of prefabricated samples to the site — assembly

of frame column assembilies;

e installation of columns and prefabricated columns and beam
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Fig. 6. Column and beam joint assembly diagrams’

Fig. 7. Schematic diagram of the concrete frame structure
assembly process [17]

assemblies, use of steel sleeves to connect longitudinal re-
inforcement;

e connection of reinforcement and erection of laterally sup-
ported and laterally restrained frame column assemblies us-
ing standardized formwork systems;

e placement of concrete mix inside and outside the frame col-
umns at nodes, with the concrete at the nodes poured 300
to 500 mm below the node to ensure safe spacing between
the old and new concrete at the core of the column;

e installation of beams, slabs, and their support systems: First,
the beam support system and its connection with columns
are installed, and then the suspended slab support system
is installed after the support system is installed, the prefabri-
cated slabs are installed, and finally the reinforcement
of countersunk floor beams is tied;

e pouring concrete mix in the beam and countersunk floor
beam assembly units;

e under the auxiliary support of the assembly nodes, the frame
columns of the next level are erected.

CONCLUSION

This study presents a comprehensive organizational and tech-
nological analysis of high-speed construction methods for civilian
high-rise buildings in the context of accelerated urbanization
in China. Particular attention was given to the adoption of prefab-
ricated construction technologies, which have demonstrated ef-
fectiveness in reducing construction time and labor costs while
maintaining rigorous safety and quality standards.’

Furthermore, the in-depth analysis of the frame column, frame
girder, and slab assembly technologies and the optimization
of the overall construction process have made the construction
of prefabricated reinforced concrete frame structures faster
and safer. Frame column assembly technology has accelerated
the construction process by optimizing the arrangement of nodes,
and frame beam assembly technology has simplified the con-
struction process by installing assembly nodes outside the node
areas. The slab assembly technology improved construction effi-
ciency by utilizing a whole-slab scheme and a self-supporting
beam and slab system.
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OpraHM3auMOHHO-TEXHONOMMYEeCKMA aHanu3
CKOpPOCTHOro BO3BEAEHUS rPaXKfaHCKUX
BbICOTHbIX 3aaHun B Kutae

B paHHow pa6oTe npepcTaBneH NoApo6HbIA OpraHU3aLMoHHO-
TEXHOSIOrMYECKUIN aHann3 YyCKOPEHHbIX NMPOLLECCOB CTPOUTENb-
CTBa rPaXXAaHCKMX MHOMO3TaXKHbIX 34aHUN B Kutae ¢ akLeHTOM
Ha MCNonb30BaHWe TEXHONOMMI NPeaBapUTENbHOrO N3roToBIe-
HUS ANa pelleHus 3apad CTpemMuTenbHoON ypbaHusaumm n pac-
TyLlero cnpoca Ha xwunbe. iccnegoBaHve BbISBNAET KioYeBble
OpraHn3aLnoHHbIe U TEXHONOrM4Yeckne MHHOBaLMM C MOMOLLbIO
CpPaBHUTEJILHOrO aHanM3a 1 CTaTUCTUYECKON 06paboTKN faHHBbIX.
3TV NHHOBALMM 3HAYMTESIBHO COKPALLAIOT CPOKM CTPOMTENLCTBA,
obecne4nsas npu 3ToM CTporve ctaHaapTbl 6€30MacHOCTU U Bbl-
COKOro kayecTsa. B pa6ote nogyepkvMBaeTcs BaXHOCTb CTpaTe-
FMYecKoro yny4iwleHua ynpasieH4eckmnx npoueccos, BHeOpeHUA
COBPEMEHHbIX TEXHOSIOTUIA 1 MaTepuarnos, a Takxe yKpenneHus
KOOpAMHaLUMM Mexay y4acTHMKamu npoekToB. OTo no3sonset
3HaYUTENBHO MOBBICUTL 3PMEKTUBHOCTL M CKOPOCTh peannaaumm
NPOEKTOB CTPOMTENbLCTBA BbICOTHbIX 3aaHnin. Oco6oe BHUMaHWe
YAENeHOo npefaBapuTesibHo apMUPOBaHHLIM GETOHHBIM KapKac-
HbIM KOHCTPYKLMAM, KOTOPbIE CYLLECTBEHHO COKpaLLalT BpeEMS
CTpOMTENbCTBA HA MECTE M TPyA03aTpaThl, Npeanaras Xu3Hecno-
CO6HOE peLleHne Ans YAOBNETBOPEHUS HEOTNOXHbIX XUMULLHbIX
NoTPE6HOCTEN B YCNOBUSAX CTPEMUTENIbHO PacTyLUUX FOPOACKMX
pavioHoB. [JoMoNHUTENBHO NpeanaraeTcs cucTemMa oueHKn dak-
TOPOB BAWUAHWS Ha NPeABapuTeNbHO U3rOTOBIIEHHbIE KOHCTPYK-
LK1, OCHOBaHHasA Ha MeToAe aHanutuyeckon nepapxmm (AHP).
OTa cuctema nNo3BonseT NPOBOAUTL NMPUOPUTU3ALMIO (haKTOPOB
1 NpYHUMaThb 605iee 060CHOBaHHbIE YNpaBieHYeCKNe peLLeHus.
[aHHbI MHTErpMpOBaHHbIA MOAX0A He TONbKO peLuaeT NpakTu-
Yyeckue 3afa4n YCKOPEHHOrO CTPOUTENBCTBA, HO Y BHOCUT BKNag
B TEOPETUYECKYIO 6a3y rpaxhaHCKoro ctpoutenscraa. Mccnepo-
BaHWe NpefocTaBnseT NpakTU4eckne pekomeHaaLnm, KoTopble
MOrYT 6bITb MPUMEHUMbI B @HANOTrM4HbIX YCOBUAX Pa3BUTUSA FO-
pofos B rno6ansHoM Maclwtaée. Pesdynsratel paboTbl npu3sa-
Hbl MOBAVATL Ha ByayLMe CTPOUTENbHbIE NPaKTUKK, CNOCO6CT-
BYSl (POPMUPOBAHUIO YCTONUMBBIX 1 3DPEKTUBHBIX CTPATErNA ONs
peLleHnsa akTyalbHbIX BbI3OBOB yp6aH|/|3au,vm.

KnroueBble crnoBa: ckopoe BO3Be[eHNe, TEXHO/IOMNs CTPou-
Te/IbCTBa, COOPHbIE KOHCTPYKLMM, BbICOTHbIE 34aHNS, 9KOHOMU-
4Yeckasi 3(bgpeKTUBHOCTb
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Methodology for assessing labour resources
and employment of the region taking into
account digital challenges

The paper is aimed at developing a methodology for assessing labour resources and employment of the region,
which allows to determine the degree of balance of changes in the labour resources of the region in the conditions
of development of the digital economy and new forms of employment for the subsequent development of meas-
ures to reduce economic losses caused by the asymmetric development of the labour market and employment.
The developed algorithms for implementing the methodology and assessing risks affecting labour resources can
be used by regional structures that manage the region’s economy in the process of developing and making de-
cisions on its sustainable development. To achieve the purpose of this study, methods of morphological analy-
sis were used to identify key features of the labour resources, contributing to its socio-economic and innovative
development. It is suggested to apply statistical analysis to explore the dependence of the region’s digital devel-
opment on changes in the external environment caused by risk events, and to identify the role of digitalization of
the region’s manpower for ensuring sustainable economic development. In addition, widely accepted methods
for data collection and comparative analysis (such as the analogy method, content analysis and expert analysis),
along with the modelling method, are used. New forms of labour and employment emerged due to the develop-
ment of information and communication technologies are outside the limits of national regulation. Existing ap-
proaches and methods for analyzing labour resources and estimating unemployment at the national and regional
levels no longer provide a real picture, as an individual’s geographic location no longer directly determines their
work or employment in a particular region. This highlights the relevance of research on the methodology for an-
alyzing regional labour resources and employment, taking into account new forms of employment and the risks
associated with the replacement of human labour by robots and human intelligence by artificial intelligence.
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region receives added value (at basic prices)
generated by labour — a key factor in deter-
mining both GRP and GDP. This creates
an imbalance between budget revenues and
expenditures. Regional taxes and shares of
federal taxes are allocated to the budget of
the employer’s region, while the region itself
bears no social burden, such as the need to
provide free healthcare, education, transpor-
tation infrastructure for personal vehicles or

he transition to a new technological order,

I based on the wide use of digital technologies

in production and services, radically changes

the labour process, social and labour relations and
the nature of employment.

The emergence of new forms of employment
leads to the following challenges for the economy of
regions and the country as a whole:

e exclusion of employees with non-standard

employment from the scope of the social pro-

Barmuta

Karine Aleksandrovna,
Doctor of Economic Sci-

ences, Associate Professor, Head of
the Department of Economics and
Management; Don State Technical
University (DSTU); 1 Gagarin
Square, Rostov-on-Don, 344000,
Russian Federation; RSCI ID:
269339, Scopus: 566699868200,

tection system. For instance, without access
to corporate medical facilities, medical exami-
nations and with no guarantees of a steady
income, such citizens turn to public health fa-
cilities when problems arise. As a result,
the burden of providing them with social pro-
tection falls on the shoulders of the state, and
in particular, regions and municipalities;

loss of income for the pension and health in-

the expenses for maintaining public order. On
the other hand, regions that are donors of re-
mote workforce bear the entire social burden
and corresponding budget expenditures,
without receiving any economic dividends in
the form of taxes. If the employer is located
abroad, the problem is further exacerbated by
the virtual drain of intellectual resources [1-6].
The following types of imbalances in regional

development are identified, caused by the asym-
metric development of the labour market and non-
standard forms of employment:

surance systems, since the self-employed
people are exempt from mandatory insurance

contributions and make them on a voluntary
basis. A serious imbalance in the pension sys-
tem arises as a result of the violation of the ba-
sic principle of the current pension insurance
system, namely the principle of intergenera-
tional solidarity (“each subsequent generation
feeds the previous one”);

the spread of platform-based employment,
along with work performed remotely on behalf
of employers from different regions or coun-
tries, leaves open the question of which

e qualification (the imbalance between the cur-
rent supply and demand for employees with
specific professions or skills);

e virtual migration (the imbalance of interregional/
international inflow and outflow of virtual work-
force);

e technological challenges, caused by the de-
velopment of robotics and artificial intelli-
gence and leading to the disappearance and
emergence of new jobs;
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® socio-economic challenges (the imbalance in
the income and expenditures of the Social
Fund of the Russian Federation, the imbal-
ance in the income and expenditures of re-
gional budgets [7-9]).

It is suggested to consider the outlined imbalanc-
es as risks. They will pose a threat for regions if the im-
balance or deviation from a certain reference point
exceeds a certain level and leads to tangible negative
socio-economic consequences. These might include:
a shortage of labour with the necessary skills upon
further use of digital technologies; increased unem-
ployment, increased costs for medicine and health
care, growing scarcity of funds for pensions and
health care; a decrease in GRP due to the outflow of
intellectual labour while maintaining regional per capi-
ta expenses, and a decrease in tax revenues.

To address these issues, a risk-based assess-
ment of a region’s labour resources and employ-
ment is proposed. This approach will promote
the sustainable socio-economic and innovative de-
velopment of regions in the context of digitalization
and the development of non-standard forms of em-
ployment. This assessment follows a balance-sheet
approach, which involves preparing a labour re-
source balance and adjusting it to account for
the imbalances in the creation and distribution of
manpower caused by digitalization and the emer-
gence of new forms of employment [10, 11]. In this
way, it is possible to determine potential economic
losses associated with identified risk areas and
promptly develop measures to ensure sustainable,
risk-adjusted development of regions. Main provi-
sions of the methodology are shown in Table 1.

The algorithm for applying the developed meth-
odology for evaluating labour resources and em-
ployment in a region is as follows.

1. Identification of factors influencing the build-
ing and distributing labour resources in a region.

2. Collection of statistical data and independent
research findings:

e current demographic statistics;

e data from sample surveys of enterprises and
individual entrepreneurs conducted by state
statistical agencies in the following areas: la-
bour force, ongoing investment projects and
expected changes in labour demand;

e data from consolidated reports of the Ministry
of Internal Affairs of the Russian Federation on
the number of migrant workers;

¢ data from administrative sources of information
(the Federal Tax Service data platform on
the number of self-employed individuals, the uni-
fied digital platform “Work in Russia”, etc.);

e data from recruiting agencies and labour mar-
ket platforms on the current labour supply and
demand;

e data from independent research on platform-
based employment, other non-standard forms
of employment, virtual migration, self-employed
individuals’ actions (payment of voluntary pen-
sion and health insurance contributions, pur-
chase of voluntary health insurance policies).

3. Drawing up a traditional balance of labour re-

sources.

4. Labour distribution by types of employment
(traditional, self-employed, platform-based, unregis-
tered employment).

5. Establishing acceptable levels for qualifica-
tion, innovation, virtual migration and socio-eco-
nomic risks.

6. Analysis of the labour resource development
balance by risk types (qualification, innovation, vir-
tual migration and socio-economic risks).

7. Drawing up a forecast balance taking into ac-
count the expected workforce structure and staffing
needs of a region.

Table 1. Basic provisions of the methodology for evaluating labour resources and employment in a region

Characteristics of the methodology

Description

Employment types under evaluation

Standard or traditional employment refers to working for a single employer at a fixed
workplace provided by the employer, on predetermined days and hours, under a perma-
nent or fixed-term employment contract. Non-standard employment refers to work
where the employee independently determines working days, hours and the workplace
location, often under short-term contracts and with an unlimited number of employers

Relevance of the methodology

Preventing economic losses of a region caused by the transformation of employ-
ment in the context of digitalization and virtual migration of manpower resources

Purpose of the methodology

Evaluating the balance in changes in a region’s labour resources in the context of
evolving digital economy and new forms of employment to work out measures to
reduce economic losses caused by the asymmetric development of the labour mar-
ket and employment

Approach to labour resource assessment

Balance-sheet

Methods applied

Morphological analysis, statistical analysis, widely accepted methods for data col-
lection and comparative analysis (a survey, interviews, analogy method, content
analysis, expert analysis), modeling method, decomposition method for developing
a risk assessment algorithm
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Table 2. Methodology for assessing risks affecting the development of labour resources and employment in a region [12, 13]

Risk types

Risk source

Risk assessment

Features

Qualification

Exceeding the acceptable proportion of unem-
ployed individuals with relevant professional
qualifications within the total unemployed pop-
ulation, by occupations

The excess number of unemployed with relevant pro-
fessional qualifications, multiplied by the minimum
wage or by the unit costs of retraining

Regional expenditures on unem-
ployment benefits, social support
for families (child payments), and
retraining programs

Innovation

The deviation between the current and expect-
ed number of people employed by types of
economic activity

Probable shortage of labour force with required skills
by types of economic activity, multiplied by GRP per
capita

Regional GRP losses caused by
the lack of employees with the right
skills

Virtual migration

Negative balance of virtual migration (negative
difference between the number of individuals
from other regions undertaking job assignments
and those employed remotely outside the region)

Negative balance of virtual migration multiplied by
the difference between GRP per capita and the average
income of an intellectual emigrant

Regional GRP losses caused by
the outflow of virtual intellectual la-
bour resources

Socio-economic

The reluctance of people with precarious jobs
(without employment contracts) to voluntarily
make insurance contributions for pension and
health care

The number of self-employed individuals who do not
make voluntary insurance contributions for pension and
health care, multiplied by the average per capita expen-
ditures of the region on social support and protection

Additional expenditures of the re-
gion and state extra-budgetary
funds for social support and pro-
tection of citizens

8. Measuring economic losses in a region according to identi-
fied risk types (Table 2).

9. Development of measures to ensure sustainable risk-adjust-
ed development of a region.

The algorithms for assessing the risks outlined in Table 2 are
shown in Fig. 1-4.

Analysis of demand (D) for labour force of a certain
qualification: identification of the number of vacant jobs
by professions (groups of professions)

'

Analysis of supply (S) for labour force of a certain
qualification (the number of unemployed individuals
with the necessary skills)

D=§? Yes
No Shortage
Yes of personnel in
a specific profession
(group of professions)
No

Unemployment among workers in this profession
(group of professions)

unemployment within
acceptable limits?

There is no
qualification risk

Qualification risk is present

End

Fig. 1. The algorithm for assessing qualification-related risks

They include:

e the algorithm for assessing qualification risk;

e the algorithm for assessing socio-economic risk;

e the algorithm for assessing the risk related to virtual migration.

The algorithm for analyzing the supply and demand for labour
with specific skills helps identify the stage at which qualification risk
emerges. Next, the socio-economic risk is assessed as part of
the proposed methodology (Fig. 2).

The socio-economic risk assessment algorithm should neces-
sarily include the determination of the current structure of labour
resources at the regional level. It is important to conduct the as-
sessment with consideration of industry-specific employment
trends. It is necessary to determine whether there is an inflow or
outflow of labour by specific types of economic activity in order to
determine the staffing needs in the region [14, 15].

The next stage entails assessing technological risk (Fig. 3).

The use of the developed methodology will ensure sustainable
balanced development of regions in the context of digitalization,

Number of self-employed and not registered as individual
entrepreneurs platform employees (SPE)

Number of self-employed and not registered as individual
entrepreneurs platform employees who voluntarily pay
pension and health care insurance contributions (SPE )

v

S There is
Is SPE/SPE with in No S0Ci0-ecoNomic
acceptable limits? risk

Socio-economic risk is present

End

Fig. 2. The algorithm for assessing socio-economic risk
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Analysis of the current structure of the region’s
labour force (distribution of employed people
by types of economic activity)

'

Studying and grouping the data on investment
and innovation projects implemented in the region

Will the demand for labour
change?

Labour inflow

. by types of
Will the demand for labour economic
increase? activity

Labour outflow by types of economic activity |

¥

Structure of the region’s future staffing needs «

Is the deviation between
the future and current labour
demand acceptable?

Yes | Thereisno
technological
(innovation) risk

Technological (innovation) risk is present |

Fig. 3. The algorithm for assessing technological risk

Estimation of virtual emigration VE (number of people
working remotely and receiving income from sources
outside the region)

v

Estimation of virtual immigration VI (number of people located
in other regions, performing job tasks and interacting with
the employer via digital communication channels)

Positive balance of
virtual migration

Negative balance (imbalance) of virtual migration

A\ 4 A 4

Yes There is no risk

related to virtual
migration

Is the imbalance with
in acceptable limits?

Risk related to virtual migration is present

v
_End “

Fig. 4. The algorithm for assessing the risk of virtual migration

accompanied by a transformation of the quantity, composition and
type of manpower, as well as the development of new forms of em-
ployment.

Currently, neither the world scientific community nor the au-
thorities have developed a unified comprehensive approach to
the sustainable development of the digital labour market and
the regulation of migration processes in the evolving digital econo-
my. Interregional, non-standard (flexible) labour migration driven by
the rise of platform employment has been largely unexplored. This
gap formed the basis of the methodology developed in this study,
which was further tested with the collection and comprehensive as-
sessment of empirical data.
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Pa3pa6oTka MeTOAUKN OLIEHKN TPYAOBbIX
pecypcoB U 3aHATOCTU B PETMOHE C Y4ETOM
LM pOBbIX BbI3OBOB

HayyHoe nccnepoBaHne HanpaBfieHO Ha pa3paboTKy MeToau-
KN OLIEHKN TPYAOBbIX PECYPCOB U 3aHATOCTW permoHa, no3eosns-
IoLLEeN ONpefennTb CTeneHb c6anaHCMpPOBaHHOCTM U3MEHEHUS
TPYAOBbLIX PECYPCOB PErvoHa B YCII0OBUAX PasBUTUsA LMpoBoi
3KOHOMWKM U HOBbIX (POPM 3aHSTOCTM NS NOCNeyoLLEen Bbipa-
6OTKM MEPONPUATUIA MO CHUXKEHWIO SKOHOMUYECKUX MOTEPD, BbI3-
BaHHbIX aCMMMETPUYHBIM Pa3BUTUEM PbIHKA TpyAa U 3aHATOCTU.
Pa3pa6oTaHHble anropuTMbl peanv3aumm METOAUKM U OLIEHKWN pu-
CKOB, BMUSAIOLLIMX HA TPYLOBbIE PECYPChI pErMoHa, MoryT 6bITb UC-
NnoJib30BaHbl pernoHanbHbIMU CTPYKTYypamu, oéecneqwsalou_wl-
MU ynpaBneHne SKOHOMWKOW pernoHa, B npoLiecce pa3padoTku
M MPUHATUA PELLIEHWIA MO ero yCTon4ynBoMy passutuio. Ons go-
CTUXKEHWS Lenn nccnefoBaHns 6yayT UCNONb30BaHbl METOAbI
MOpPOSIOrMHECKOro aHanu3a Ans BblAENEHNS KIOYEBbIX XapakK-
TEPUCTVK TPYAOBbIX PECYPCOB PEr1OHa, CMOCOGCTBYIOLLIME COLW-
aribHO-3KOHOMMYECKOMY U MHHOBALMOHHOMY PasBUTUIO PEFMOHA.
C NOMOLLbI0 METOA0B CTATUCTUHECKOrO aHanM3a npeasioxXeHo mc-
cnepoBaTh 3aBUCMMOCTb LIMPOBOro pa3BUTUS pernoHa ot name-
HEHWIA BHELLHEW cpedbl, ABNSAIOLWLMXCA ClIeACTBUEM peanv3aumm
PUCKOBbIX COOLITUM, U BbISBUTL POSb LiMhpoBM3aLmm TpyAOBbIX
pecypcoB pervoHa B 06ecrneqyeHnm yCToM4MBOro SKOHOMMUYECKO-
ro passuTusa. Kpome Toro, npegnonaraercs Ucrnonb3oBarh o6LLe-
NpU3HaHHbIE METOAbI C60pa N CPABHUTENBHOrO aHann3a faHHbIX
(MeTon aHanorui, MeToAbl KOHTEHTHOrO, AKCMEPTHOIO aHanunsa),
MeTon MOAeNMpoBaHus. HoBble hopMbl Tpyda U 3aHATOCTU, BO3-
MOXHble 6narogapsi MHHOPMaLMOHHO-KOMMYHUKATUBHBIM TEX-
HOMOrMAM, OKasblBalOTCA 3a NpedenaMy HauvoHanbHOro pery-
nupoBaHus. MNMpexHue nogxodbl U METOAbl aHanu3a TPYAOBbIX
pecypcoB, oueHKn 6e3paboTuLibl B MacluTabax cTpaHbl U ee pe-
FMOHOB YXXe He JaloT pearnbHOW KapTuHbI, MOCKOMbKY reorpadu-
Yeckoe MECTOMONOXEHNE YesloBeKa aBTOMATUYECKU He onpeae-
NSET ero TPyA M 3aHATOCTb B KOHKPETHOM pernmoHe. 9To genaet
aKTyanbHbIMW UCCNEROBaHNS B 06/1aCTU METOLONOrMK aHanmaa
TPYAOBbIX PECYPCOB PEFMOHOB U 3aHATOCTU, YHUTbIBAIOLLME HO-
Bble (hOPMbI 3aHATOCTM U PUCKMU, CBA3AHHbIE C 3aMEHOW NoAeN
po6oTamu, a YENOBEHYECKOr0 UHTENEKTA — UCKYCCTBEHHBIM.

WccnepoBaHue BbIMOMHEHO 3a CHET rpaHTa Poccuitckoro Hay4Ho-
ro cpoHpa Ne 24-28-00848, URL: https:/rscf.ru/project/24-28-00848/
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GIS HCS: Analytical Capabilities of the Open
Section of the System for Educational Purposes

The paper discusses and explores the possibilities of using the open part of the GIS housing and communal ser-
vices information system, the section “Analytics and reports”, as a source of large reliable data and tools for work-
ing with them. The use of such data and work tools is important and relevant in the training of future specialists,
the formation of their analytical skills with information. The purpose of the study is the possibility of setting and im-
plementing analytical tasks for educational purposes based on real reliable GIS HCS data. During the research,
the main features of the system were studied and the formulation of analytical tasks for educational purposes was
proposed. The sections of the system “Technical condition of apartment buildings” and “Bringing management
organizations to administrative responsibility” were used. One of the tasks is solved completely using the built-
in tools of the platform, the other — regression analysis — using the tools of the table processor. The built-in tools
of the open part of the GIS HCS “Analytics and Reports” allow to sort data, move from aggregated data to detailed
data and back, supplement tabular data with graphical models, which makes working with information simple
and understandable. The lack of the ability to export data from the system makes it difficult to use third-party ap-
plications for subsequent data processing. Solving this class of analytical problems allows students to gain skills
in problem formulation, solution, and interpretation of the results obtained. The considered examples of analyti-
cal tasks can be expanded by other tasks proposed directly by the students themselves. This research is of prac-
tical importance in the training of future specialists in the field of economics, management, real estate manage-

ment and housing and communal services.

Keywords: GIS HCS, data analytics, educational goals, information system, housing and communal services
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INTRODUCTION

Digitalization of the economy impacts all sec-
tors of economic activity and involves the wide-
spread implementation of comprehensive digital
technologies, the development of digital platforms
for integrating information exchange participants
and improving the efficiency of all processes. Mod-
ern technologies facilitate the accumulation, stor-
age, and processing of vast data sets, enabling
the analysis and resolution of various analytical
challenges, particularly in real estate management
and housing services [1]. The rapid development
of technology necessitates the training of skilled
professionals, who can work with big data, use
analysis tools and solve analytical problems
in the applied field. Methods and technologies
of training future specialists are also changing [2].

For the sphere of housing and communal ser-
vices, real estate management, the state informa-
tion system — GIS of housing and communal ser-
vices (GIS HCS) — has been developed
and implemented' [3-5], which unites on its plat-
form all participants in information processes
and authorities of three levels [6, 7]. The effective-
ness and prospects of using such an integrating
platform are considered in a number of studies [8—
16]. We are exploring this platform — GIS of hous-
ing and communal services — as an open data-
base for obtaining information analysis skills
in training future specialists.

The object of this research is the state informa-
tion system of housing and communal services —
GIS HCS. The subject of research is the database

of the open part of the information system, the sec-
tion “Analytics and reports”, for the study of the ana-
lytical capabilities of the system and its subsequent
use it for educational purposes.

The purpose of this research is to explore
the potential of GIS HCS tools, focusing on its tech-
nical components and analytical reports, for educa-
tional applications. The study aims to develop skills
in analyzing reliable, real-world data.

The relevance of this work is determined by
the need to train qualified specialists in the field
of real estate management and housing and com-
munal services, with the skills to solve analytical
problems, the ability to correctly set them and inter-
pret the results obtained. The applied nature of ap-
plying knowledge and skills to solve analytical prob-
lems using a real GIS HCS database and GIS HCS
tools makes the acquired skills more important
and valuable for students.

METHODS AND MATERIALS

The paper uses open information, posted
in the GIS HCS, in the “Analytics and reports” sec-
tion. The built-in tools of the system are used
for working with information, as well as an office ap-
plication, a spreadsheet software, for processing
information and solving regression analysis prob-
lems.

GIS HCS has open and closed parts of its sys-
tem. End users, residents of homes, can register
in their personal account and receive services
through the GIS HCS platform. In turn, management
companies, resource supply organizations, and

1 GIS Of Housing and Communal Services. URL: https://dom.gosuslugi.ru.(rus.).
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government agencies have their own access to a certain part
of the platform and information resources necessary for implement-
ing their part of the activity in the information system. Each of these
users has their own analytics tools. Leveraging the extensive data
available in the GIS of housing and communal services, each
of the participants of this platform has the opportunity to analyze this
or that information to improve the quality-of-service delivery and in-
crease customer satisfaction, efficient use of resources, and solve
a number of specialized tasks. For example, each resident of a house
registered on the platform can see their own statistics of resource
consumption, utilities such as cold and hot water, electricity, and gas,
as well as the amount of money actually paid for okadaHHble housing
and communal services rendered. Based on this data, any user can
predict their future resource consumption with other factors remain-
ing constant, or analyze resource costs and find ways to save them.
These are simple analytical tasks, that most users of the platform can
perform if necessary. On the other hand, the resource supply or-
ganizations, management companies, also see in the dynamics
of various indicators for resources, finances, user requests and their
satisfaction. Based on the analysis of such indicators, resource con-
sumption, cash receipts can be predicted, or, for example, the main
reasons for not paying for certain utilities can be identified. These are
all the features of the closed part of the system.

And open access information is also of some interest. The “Ana-
lytics and Reports” section contains significant amount of analytical
information, presented in a convenient graphical design for the best
perception, and is accompanied by tabular data. This data is valua-
ble for teaching students analytical problem-solving skills using

& Anabysis of information on the percentage of
depreciation of apartment buildings

(Canitral method

Year of commissionin TAMEOV REGION

m Avarage percontage of depreciation of apartmant
buildings

Average percentage of depreclation of apartment bulldings by

Average P2t monacement methods
up o 19 40.70% Marsgerrani crganizatien
: dLT6% HOA
' 283% LoD
| 32e - 0.00% Arcter coopemate
@ moemy 5% Drestonia
T400% Mol salected
o data T180% Indcematicn about the control method i nof posthed in the syster

4 BEG WD, for which e System conkains informalion on Ne iotal peesentage of

venar, which Is
66.83%
apariman buildings]

trom the numier of apariment buiidings placed in e sysiem (5,082

real-world information. When solving analytical problems, as a rule,
one can distinguish the maine stages: problem formulation, selection
of data and tool environment for solving the problem, the actual solu-
tion and obtaining results, and interpretation of the results obtained.
We use the capabilities of the housing and utilities GIS as the source
data and tool environment. We will try to set these tasks, perform
them using the selected tools, and interpret the results obtained.

RESULTS

Problem Statement 1: analyzing the degree of wear and tear
in MAB. It is necessary to use the GIS HCS tools, the section “Ana-
lytics and reports”, “Technical condition of apartment buildings”
to determine houses with a high percentage of wear and tear (more
than 40 %) and in a state of emergency for one of the regions
of the Russian Federation. Evaluate the dependence of the multi-
apartment building (MAB) wear and tear percentage on the year
of commissioning and the MAB management method by answering
the following questions:

Which years of construction of buildings account for the highest
percentage of wear and tear?

Does a high percentage of wear and tear always lead
to an emergency condition of the MAB?

What is the MAB management method identified for emergency
buildings?

GIS of housing and communal services provides immediately
complete and clear information about the average percentage
of MAB wear and tear for the selected region in the context of man-
agement methods (Fig. 1).

 Analbysis of information on the serviceability of apartment uildings G

1870 1860 1880

Fig. 1. GIS HCS: Analysis of information on the percentage of MAB wear and tear by management methods
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-
AVERAGE PERCENTAGE OF DEPRECIATION OF APARTMENT BUILDINGS BY YEAR OF COMMISSIONING
Information about apartment buildings, the year of commissioning of
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%
E
]
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Fig. 2. GIS HCS: Average percentage of MAB wear and tear by year of commissioning
This data shows that some of the houses with a high percent- the method of managing such MAB is Direct management. By click-
age of depreciation either did not choose the management method, ing the “MAB List” button, you can get detailed information. Thus,
or the data in the system was not provided. Data on the average for the Bondarsky district, the maximum wear and tear of 90 % falls
percentage of MAB wear and tear over the year of commissioning on one building of the 1978 year of commissioning, and another
are also clearly presented (Fig. 2). As can be seen in Fig. 2, in this 40 buildings have 85 % wear and tear with the period of commis-
region (Tambov region), a fairly high percentage of wear and tear sioning from 1962 to 1986.
falls on the years of construction from 1788 to 1985, the maximum Based on these data, it can be concluded that regardless
wear of 75.54 % falls on houses built in 1909-1919. of the construction period, MAB under direct management are
The table below in the Housing and utilities GIS provides ag- in poor condition in this area and require increased attention.
gregated information on apartment buildings (MAB) in this region We are investigating information about the MAB accident rate
with an indication of the average percentage of depreciation for in- in this region. To do this, in the filtering parameters, specify “Analy-
dividual districts and cities of the Tambov region (Fig. 3). sis of information about the health of the MAB”. The system pro-
The study can be conducted for the entire Tambov Region, or vides a visual representation of data on the average percentage
for a separate district or city. For example, let's examine the areas of MAB wear over the year of commissioning (Fig. 4) for the entire
with the highest average percentage of wear and tear. To do this, Tambov region.
we will order the entries in descending order by the column “Aver- Referring to the data table for detailed information on the area
age percentage of wear” (Fig. 3). The highest average percentage of interest, we observe (Fig. 5) that one building of the MAB under
of MAB wear is 83.37 %, Bondarsky district. At the same time, the direct control of the 2004 year of commissioning is in disrepair.
Number of
Norbarr "D for which the System contains Informetion hm’““*‘“m
ql:a . on general depreciation :mlul::"he Management organization
Territory bulldings placed management
I the sysiem Number of Average method Humber of Average
apartment %0 percentage of | 5 PlAcEdInthe o man %0 percentage of
bulldings weear System bulidings wear
w
Tamboy region 6 982 4 666 G683 42.25 4534 3347 T4.T0 40.T9
Fig. 3. GIS HCS: MAB Depreciation Data >
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Fig. 4. GIS HCS: Percentage of MAB wear and tear by year of commissioning

This information indicates that with proper management
of the MAB, regardless of the construction period and the percent-
age of wear and tear, the building can maintain its serviceability.

Thus, using this example, students can gain skills in analyzing
real reliable information, moving from aggregated data to detailed
data, use GIS HCS tools, and correctly interpret the results
of the analysis.

One of the methods of analytical data processing is regression
analysis and forecasting based on it. Problems of modelling
[17, 18], regression analysis based on big data [19], and forecast-
ing, including for the housing and utilities sector [20], are increas-
ingly being developed. However, in the open part of the GIS HCS
system, access to data, for example, of a dynamic nature, reflecting
the dynamics of changes in indicators over time, is extremely limit-
ed, which makes it difficult to set tasks in this class for students
using the system. The system also does not have the ability to ex-
port data from tables for subsequent work in third-party applica-
tions and programs. This also imposes the limitations noted in [14].
Taking into account such features of GIS HCS and wanting to give
students the skills of regression analysis and forecasting based

Tambow ragion
— Bordarsky cistrict

on real data, we will use the information in the section “Bringing
management organizations to administrative responsibility”.

Problem statement 2: analysis of Trends in Administrative Ac-
countability of Management Organizations Using GIS HCS Tools. It
is necessary to use the GIS HCS tools, the section “Analytics
and reports”, “Bringing management organizations to administra-
tive responsibility” to assess the trends in bringing management
organizations to responsibility over the past three years, to conduct
a regression analysis for various indicators, to assess the value
of reliability and the ability to predict indicators.

To analyze information, you can use both aggregated data
and detailed data for a specific federal district, for example, or
more detailed data for territories in districts. GIS HCS analysis im-
mediately provides a clear picture of the number of MAB manage-
ment organizations brought to administrative responsibility in dy-
namics for the period from 2016 to 2024 (Fig. 6)

Let's analyze the aggregated data shown in Fig. 6. Changing
the “Period of administrative responsibility” — one of the filtering
parameters, we will collect numerical information for the years from
2016 to 2024 and enter it in the Excel table (Table).

fear of Method of mamaging an Qrganization carmying out activities for the
Address of the apariment bulld| Bate
ol e d a & o commissioning apartment building mansgement of apartment bulldings
Y
Tambsow region, Bondandoy distnc, sotiiemant 1st deparinend of te _
state e "Bondarsky”, Sadoviva sireed, Ba Emargonsy 2004 Déemcl conkre)
Tarmbsow region, Bondarsiy disiicy, Sirolelny sellhemet In pood . - o —— -

Wolodarhnaya sirsss, 17

Fig. 5. GIS HCS: Table of data on the state of MAB
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ORGANIZATIONS ENGAGED IN THE MANAGEMENT OF APARTMENT BUILDINGS, BROUGHT
TO ADMINISTRATIVE RESPONSIBILITY, BY TYPES OF ADMINISTRATIVE PENALTIES

snen )
sann’y

Percentage of organizations browght
to administrative respensibality

32 021 (46.47%)" nmtemmssiamirse s ity

& AR
2018 (o 2017 201¢ 20 202 2023 2024

ADMINISTRATIVE
PENALTIES

. Warning
@ dministrative fine
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Fig. 6. GIS HCS: Organizations engaged in the management of MAB, brought to administrative responsibility, by types of administrative penalties

Organizations engaged in the management of MAB, brought to administrative responsibility, by types of administrative penalties and years
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2016 11.527 385 2.553 0 2.849 57.481
2017 19.063 1.712 4413 - 5.722 58.000
2018 23.898 3.833 5.522 38 8.313 63.081
2019 49.685 5.975 8.851 49 13.043 66.834
2020 24.395 4.350 5.300 17 8.508 69.514
2021 40.441 6.236 6.452 17 10.684 73.007
2022 21.631 4.640 4.247 11 7.649 75.209
2023 20.999 5.114 3.406 9 7.209 72.024
2024 18.256 4.150 3.330 16 6.438 70.415

Numerical data show that over the past 3 years, there has been
a downward trend in the number of management companies held
accountable, while the number of registered organizations
in the GIS HCS is slightly decreasing. We can assume that there are
still better-quality, conscientious management organizations.

A graphical interpretation of the table data is shown in Fig. 7,
where trend lines are added for individual indicators. When adding
trend lines, we selected those mathematical dependencies
for which the confidence value coefficient of determination (R?) was
the maximum. These are second-degree polynomials. An analysis
of the approximation curves and the confidence value shows that it

is impossible to predict the indicator “Number of decisions
on the appointment of an administrative penalty” for the future 2025
in this way, due to the small value R? = 0.5505, which is signifi-
cantly less than 1.

The forecast for the indicator “Total sued” is more reliable,
R? = 0.785, and suggests a slight decrease compared to the pre-
vious year. The forecast for the indicator “Registered in GIS Hous-
ing and communal services at the end of the year” (for 2024
at the current date of the year) is highly reliable, R? = 0.9312,
and the forecast value will remain approximately at the same level
as a year earlier.
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Thus, the open part of the GIS of housing and communal ser-
vices allows you to solve real analytical problems and this opportu-
nity can be used in the educational process when training future
specialists.

CONCLUSION

These findings underscore the practical importance of integrat-
ing real-world data into educational processes to enhance the ana-
lytical capabilities of future professionals. The open part of GIS
Housing and communal services, the section “Analytics and Re-
ports”, has built-in tools for working with real data, the use of which
for educational purposes allows students to set analysis tasks, test
hypotheses, get results on a real database, and interpret the results
obtained. The given examples of setting analytical tasks can be
extended by other tasks proposed directly by the students

themselves. These findings underscore the practical importance
of integrating real-world data into educational processes to en-
hance the analytical capabilities of future professionals.
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TNC XKKX: aHannTu4yeckmne BO3MOXHOCTH
OTKPbITOM YacTu cCUCTEeMbI Ans
obpa3oBaTesibHbIX Lenen
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