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Дорогие читатели! 
Строительная система с  позиций общественного разделения труда развивается 

в соответствии с характером функционирования отраслей народного хозяйства. 

Наиболее существенным фактором, ограничивающим формирование нового 
строительства, является землепользование. Территориальная организация строи-
тельства и необходимой городской инфраструктуры определяют необходимость ра-
ционального землепользования за  счет создания механизма резервирования. Для 
этого городскими властями проводится комплексный анализ плотности селитебной 
и промышленной застройки. Данные инвентаризации учитываются девелоперскими 
компаниями в процессе подготовки строительства. Выявление и изучение резервных 
территорий существенно влияет на правильный выбор площадок строительства, в ко-
нечном итоге — на эффективность капитальных вложений.

Вопросам развития, а  именно земельных участков, посвящены представленные 
научные статьи в данном номере журнала.

С уважением, главный редактор, Пётр Грабовый
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В настоящее время отрасль 
коммунального хозяйства 
характеризуется высокой 
степенью монополизации, 
недостаточным уровнем 
частных инвестиций и низкой 
инновационной активностью

Толочка О.Р.

В утвержденных стратегиче-
ских документах Российской 
Федерации прямо или кос-
венно определяются направ-
ления развития экономики 
и общественного производ-
ства, важным аспектом в ко-
торых является повышение 
качества жизни населения

Хрусталев Б.Б., Разумов Д.М.

Повышение эффективности 
основного производства 
за счет улучшения показа-
телей эффективности об-
служивающих производств 
является одним из основных 
направлений решения про-
блемы снижения рисков как 
для реализации конкретных 
проектов, так и для отрасли 
в целом

Кирпиченков А.А.

При рассмотрении крупного 
портфеля реализуемых про-
ектов в рамках программы 
реновации жилой застройки, 
которые не обладают доста-
точной эффективностью, 
можно заключить, что эф-
фективность программы бу-
дет на недостаточном уровне 
для ее успешной реализации

Бороздина С.М., Сырцов Я.В.

Целью настоящей статьи яв-
ляется анализ возможности 
одновременного применения 
при аутсорсинге строи-
тельных процессов таких 
инструментов, как факторинг 
и чарджбек, с точки зрения 
повышения эффективности 
управления финансовыми 
рисками для заказчика и 
подрядчика
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Хрусталев Б.Б.,  
Королев Н.И. 

Применение различных 
механизмов, мероприятий 
в области использования 
технологий, рациональных 
форм организации мате-
риального производства в 
деятельности предприятий 
позволит повысить устой-
чивость и надежность их 
работы в условиях влияния 
рисков и факторов неопре-
деленности строительного 
производства

Сафронова Н.Б., Будаков 	

Статья исследует кросс-
отраслевые показатели и 
методики управления 
в жилищно-коммунальном 
хозяйстве, акцентируя вни-
мание на их значимости для 
повышения энергоэффек-
тивности и оптимизации 
ресурсов

Кущенко И.В.

Многообразие видов резер-
вирования привело к созда-
нию десятков различных 
моделей, учитывающих кон-
кретную специфику систем
Лю Чун, Фомин Никита Иго-
ревич, Сяо Шотин
В данной работе представ-
лен подробный организаци-
онно-технологический ана-
лиз ускоренных процессов 
строительства гражданских 
многоэтажных зданий в Ки-
тае, с акцентом на исполь-
зование технологий пред-
варительного изготовления 
для решения задач стреми-
тельной урбанизации и рас-
тущего спроса на жилье
Переход к новому техно-
логическому укладу, пред-
полагающему широкое 
использование цифровых 
технологий в производстве 
и сфере услуг, кардинально 
меняет процесс труда, соци-
ально-трудовые отношения 
и характер занятости
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Kachanov P.V.	
Currently, the utility sector is charac-
terized by a high degree of monopo-
lization, insufficient private invest-
ment and low innovation activity

Tolochko O.R.
The approved strategic documents 
of the Russian Federation directly 
or indirectly define the directions of 
economic development and social 
production, an important aspect of 
which is to improve the quality of life 
of the population

Khrustalev B.B., Razumov D.M. 
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Kirpichenkov A.A.
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of ongoing projects within the frame-
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Borozdina S.M., Syrtsov Yа.V.
The purpose of this article is to ana-
lyze the possibility of simultaneous 
use of tools such as factoring and 
chargeback in outsourcing con-
struction processes in terms of im-
proving the effectiveness of financial 
risk management for the customer 
and contractor

Khrustalev B.B., Korolev N.I., 
The use of various mechanisms, 
measures in the field of technology 
use, rational forms of organization of 
material production in the activities 
of enterprises will increase the stabil-
ity and reliability of their work under 
the influence of risks and uncertainty 
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Safronova N.B., Budakov А.S.
The article explores cross-sector 
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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

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

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

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.

The state of competition in the field of public 
infrastructure 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.	Identification of the main barriers to entry in 
to the municipal infrastructure markets.

5.	Identification of key issues that hinder 

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

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 
laws1, 2, 3, 4.

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:

• ensuring equal access to public infrastruc-
ture facilities;

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

• creating conditions for the  participation of 
small and medium-sized businesses in 
the provision of services for the moderniza-
tion of municipal infrastructure1, 2, 3, 4.

A public utility is a set of facilities and systems 
that provide the population and organizations with 
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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.

2.  Heat supply.

3.  Power supply.

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:

5	  Analytical report of the FAS Russia “State of competition in the housing and utilities sector in 2019”.

• updating and replacing worn-out networks;

• introduction of energy-efficient technologies;

• digitalization of municipal infrastructure;

• application of innovative materials and technologies., 5

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]:

• high capital intensity of municipal infrastructure moderniza-

tion projects;

• significant investment and technological barriers to entry for 

new players;

• uncompetitive market participants due to the  lack of high-

tech equipment;

• 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 каthe 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 1. Share of organizations that occupy a dominant position 
in the modernization of municipal infrastructure in 2023. Compiled 
by the author 4, 5

Utilities segment Share of organizations, with the dominant position, %

Water supply  
and sanitation

32.4

Heat supply 41.9

Electricity supply 52.7

Gas supply 61.2

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
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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 2018–20206, 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 AI 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;

• 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 measuresя 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.  А 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 

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.

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 

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

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

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

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

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

Imperfection of the system of tariff regulation in the field of CU
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
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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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Оценка состояния конкурентной среды 
в сфере коммунального хозяйства
Состояние конкурентной среды в сфере коммунального хо-
зяйства является одним из ключевых факторов, определя-
ющих эффективность функционирования жилищно-комму-
нальной инфраструктуры. Повышение конкуренции в этой 
сфере способно оказать существенное влияние на качест-
во предоставляемых услуг, их доступность для населения, 
а также на модернизацию и развитие коммунальных сис-
тем.

В настоящее время отрасль коммунального хозяйства ха-
рактеризуется высокой степенью монополизации, недоста-
точным уровнем частных инвестиций и низкой инновацион-
ной активностью. Это обусловлено рядом факторов, в том 
числе сложностью входа на рынок для новых игроков, от-
сутствием эффективных механизмов государственно-част-
ного партнерства, непрозрачностью тарифообразования 
и неразвитостью системы контроля качества услуг. Кроме 
того, высокая изношенность коммунальной инфраструкту-
ры и недостаточное финансирование ее модернизации со-
здают дополнительные барьеры для развития конкуренции.

Для решения этих проблем необходимо реализовать ком-
плекс мер, направленных на развитие конкуренции в сфе-
ре коммунального хозяйства. Это может включать в себя 
стимулирование передачи объектов коммунальной инфра-
структуры в концессию, аренду, а также создание благо-
приятных условий для участия субъектов малого и средне-
го предпринимательства в оказании коммунальных услуг. 
Кроме того, важно обеспечить прозрачность функциониро-
вания отрасли, совершенствование тарифного регулирова-
ния и внедрение современных цифровых технологий.

Внедрение таких мер позволит повысить эффективность 
работы коммунального комплекса, улучшить качество и до-
ступность коммунальных услуг для населения, а также со-
здать предпосылки для привлечения частных инвестиций 
в  модернизацию инфраструктуры. Это, в  свою очередь, 
будет способствовать развитию конкуренции и  повыше-
нию конкурентоспособности отрасли в целом. Важную роль 
в этом процессе должны сыграть органы государственной 
власти, реализуя комплексную политику поддержки и сти-
мулирования конкуренции в сфере коммунального хозяй-
ства.

Ключевые слова: конкурентная среда, коммунальное хо-
зяйство, жилищно-коммунальная инфраструктура, моно-
полия, концессии, модернизация государственно-частного 
партнерства, качество услуг
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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 IDEF0

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 3.0 IGO.

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).

INTRODUCTION

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”1 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 countries2. For example, the Strategy of Sci-
entific and Technological Development of the Rus
sian Federation (Decree of the  President of 

the Russian Federation)3 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. 

RESEARCH METHODS AND PRINCIPLES

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

Tolochko O.R.
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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 IDEF0 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.4 

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. 

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).

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 sources5, 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 

Fig. 1. Structure of the urban population group in the Russian Federation by age groups4

2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023

  younger 16,471.60 16,915.60 17,425.10 18,137.90 18,757.80 19,277.90 19,676.60 19,925.50 20,028.30 20,074.90 20,087.80 20,008.40

  working age 65,275.10 64,713.50 64,130.60 64,223.10 63,372.60 62,717.00 62,115.10 61,544.10 62,535.20 62,005.60 63,036.20 63,150.60

  older 23,995.30 24,489.20 24,993.00 25,921.20 26,527.00 27,037.50 27,535.20 27,983.90 26,999.00 27,171.10 25,772.30 26,496.50
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Fig. 2. Key trends affecting the formation of a comfortable living environment (made by the author)
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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 

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).

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 diagram6 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-
ronment7. The ITD of the city is an important and modern way to 

Fig. 3. Ishikawa diagram “Forming a request for a comfortable living environment that takes into account the needs of LMGP” (made by the author)
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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 process8. For functional modeling, 
the subtype of this family, IDEF0, is applicable, it will allow you to 
create a conceptual model of a system for creating a comfortable 

8	 IDEF Notations and families. URL: https://piter-soft.ru/knowledge/glossary/process/notatsii-semeystva-IDEF.html (accessed: 03.21.2024).

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 IDEF0 
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 (A0), 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 

Fig. 4. Contextual diagram of the system for creating a comfortable living environment in the graphical notation of the IDEF0 family (made 
by the author)
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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 IDEF0 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 (A0) 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: 

• 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 

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.

REFERENCES

1.  Saenko I., Chepeleva K., Tolochko O. The need to develop strategic 
directions for the formation of a comfortable living environment based on 
the needs of older adults. E3S Web of Conferences. Yekaterinburg, 
September 28-29, 2020. Vol. 208. Yekaterinburg, EDP Sciences, 2020; 
04015. DOI: 10.1051/e3sconf/202020804015. EDN VRANBB.
2.  Van Hoof J., Kort H. S.M., Van Waarde H. Housing and care for 
older adults with dementia: a  European perspective. Journal of 
Housing and the  Built Environment. 2009; 24(3):369-390. 
DOI: 10.1007/s10901‑009‑9143‑3. EDN: QWUMJS.
3.  Somsopon  W., Kim  S. M., Nitivattananon  V., Kusakabe  K., 
Nguyen T. P. Issues and needs of elderly in community facilities and 
services: a case study of urban housing projects in Bangkok Thailand. 
Sustainability. 2022; 14(14):8388. DOI: 10.3390/su14148388. EDN: 
NZWQMG.
4.  Saenko I. A., Tolochko O. R. Comfort of the living environment as 
a driver of the development of modern cities of the Russian Federation. 
News of higher educational institutions. Construction. 2022; 8(764):73-
84. DOI: 10.32683/0536‑1052‑2022‑764‑8‑73‑84. EDN FTPGRO.
5.  Oe H., Takemoto T., Ishihara Sh., Suzuki A., Tatewaki K. Strategic 
policies to support the independence and interaction of older adults: 
a leadership model that is inclusive of local businesses. Business 
Ethics and Leadership. 2023; 7(4):14-23. DOI: 10.61093/bel.7(4). 
14-23.2023. EDN VIINTX.
6.  Saenko I. A., Tolochko O. R. Sociological surveys as a tool for as-
sessing the  quality and development of the  living environment. 
Topical issues of construction: a look into the future : a collection of 
scientific articles based on the  materials of the  II All-Russian 
Scientific and Practical Conference, Krasnoyarsk, October 18–20, 
2023. Krasnoyarsk, Civil Engineering Institute of the Siberian Federal 
University, 2023; 237-238. EDN OVJHEV.
7.  Woo J., Mok K., Chu W. L., Lo R., Ko R. Implementing aging in place 
in Hong Kong: meeting the needs and aspirations of older adults and 
their caregivers living in private housing. International Journal of 
Environmental Research and Public Health. 2024; 21(3):348. 
DOI: 10.3390/ijerph21030348. EDN ZAOUXC.

Комфортная среда проживания  
как приоритет развития регионов
В последние годы численность городского населения в об-
щей численности населения страны в Российской Федера-
ции, как и в целом в мире, увеличивается. В совокупности 
с общемировой тенденцией старения населения это опре-
деляет формирование комфортной среды проживания как 
приоритет развития регионов и отдельных территорий Рос-
сийской Федерации. Для полноты исследования уделяется 
внимание опыту учета потребностей маломобильных групп 
населения в международной практике, на примере разных 

стран. В ходе проведенного исследования были выявлены 
факторы, тенденции и ключевые тренды, оказывающие не-
посредственное или косвенное влияние на формирование 
запроса на комфортную среду проживания в современных 
реалиях Российской Федерации с учетом потребностей ма-
ломобильных групп населения, включая людей пожилого 
возраста. Исследование опирается на принцип системности, 
который предполагает рассмотрение объекта исследова-
ния в виде сложной системы, состоящей из множества вза-
имосвязанных элементов. Объектом исследования высту-
пает комфортная среда проживания в городах Российской 
Федерации, а  предметом  — инструменты формирования 
комфортной среды проживания в городах Российской Фе-
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 дерации. Методологическую основу исследования составля-
ют различные методы научного познания, такие как контент-
анализ, факторный анализ, анализ статистических данных, 
методы систематизации, группировки, обобщения, а также 
графические приемы визуализации данных. В статье выпол-
нена декомпозиция процесса формирования комфортной 
среды проживания с учетом потребностей маломобильных 
групп населения посредством инструментария графической 
нотации. Анализ декомпозиции процесса позволил выявить 
недостатки процесса формирования комфортной среды про-
живания в существующем виде и определить направления 
дальнейших исследований в целях его развития.

Ключевые слова: комфортная среда проживания, тренды, 
маломобильные группы населения, контекстная диаграмма, 
графическая нотация IDEF0
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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

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 
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 

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.

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 
years. This is evidenced by statistical data (Fig. 1)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 · x2  –  463,410 · x + 468,269,752;	 (1)

Y = 351 · x2  –  1,415,819 · x + 1,427,781,558,	 (2)
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Fig. 1. Dynamics of residential real estate commissioning in Russia by year1 

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 · x2 – 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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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 

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 

Classification of Warehouse Real Estate

Parameter Category Description

Purpose of the Warehouse

1) Warehouses at Manufacturing Enterprises;
2) Customs Warehouses (including Bonded Warehousing);
3) Trade and Logistics Complexes;
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

Storage Duration
1) Short-term (up to 1 month);
2) Medium-term (from 1 month to 6 months);
3) Long-term (over 6 months)

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

Cost (Building durability)
1) Quick-erect Warehouses (Frame, Modular);
2) Permanent Warehouses (Concrete, Brick);
3) Temporary or Mobile Structures

Level of Durability and Construction Cost: Quick-erect, 
Permanent, or Temporary Warehouses

Apartment Buildings, thousand m²
Individual Housing, thousand m²

Apartment Buildings, thousand m² Individual Housing, thousand m²

Linear ( Apartment Buildings, thousand m²) Linear ( Individual Housing, thousand m²)

Apartment Buildings, thousand m² Individual Housing, thousand m²

Linear (Apartment Buildings, thousand m²) Linear ( Individual Housing, thousand m²)

Housing Commissioning, Russia

Housing Commissioning, city of Moscow

2014 2015 2016 2017 2018 2019 2020 2021 2022 2023
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Fig. 2. Dynamics of residential real estate commissioning in city of Moscow by year1
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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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Девелопмент складской инфраструктуры 
обслуживающего процесса возведения 
объектов недвижимости на рынке жилья
В статье рассмотрены основные направления и темпы разви-
тия строительного производства жилой недвижимости и вво-
да жилых объектов. Кроме того, был проведен анализ ста-
тистических данных, которые отражают динамику такого 
развития в России. Также в статье рассмотрен вопрос эффек-
тивности реализации на практике основных способов возве-
дения многоэтажных зданий с учетом современного разви-
тия строительного производства и требований рынка жилья. 
Также определяется роль складской недвижимости в общем 
производственном процессе возведения объектов недвижи-
мости. Строительство таких объектов недвижимости неотъ-
емлемо связано с уровнем развития производственной и со-
циальной инфраструктуры региона, в котором производится 
возведение сооружений. Эти объекты являются частью об-
служивающих процессов, от которых во многом зависит на-
прямую развитие основных производственных процессов воз-
ведения многоэтажных зданий на рынке жилья. Полученная 
статистика по вводу жилья позволяет прогнозировать увели-
чение темпов роста строительства, что во многом определяет 
выбор способов строительства в условиях влияния факторов 
внешней среды, которые приводят к различным изменениям 
хода развития производственных процессов. На сегодняшний 
день на рынке недвижимости сформировалось несколько до-
статочно крупных застройщиков, которые, с одной стороны, 
обладают крупными финансовыми возможностями, с другой 
стороны, вводят большие объемы жилья. Возведение моно-
литного многоквартирного дома, в ряде случаев, может быть 
менее экономически эффективно, чем возведение аналогич-
ных площадей уже из панелей или блоков.

Однако отсутствие альтернативы по доступной цене, либо 
по причинам высокой дистанцированности, не оставляет вы-
бора застройщику. Недополучаемая прибыль из-за менее 
эффективного способа строительного производства может 
побудить таких крупных игроков к созданию собственных 
мощностей по производству крупноблочных и панельных 
элементов зданий. Основываясь на данном прогнозе, необ-
ходимо проанализировать, насколько современная склад-
ская инфраструктура будет готова к возможным изменени-
ям в сфере многоквартирного строительства. 

Ключевые слова: девелопмент, недвижимость, складирова-
ние, индустриализация, логистика, складская инфраструкту-
ра, обслуживающее производство
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UDC 69.003

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

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.

The basis for the preparation of the principles 
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)1.

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 
parameters2. 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 indicators3 [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 parameters4:

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).
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3. Transport accessibility: distance from the nearest metro sta-
tions, public transport stops, public parking lots [1, 2].

The social indicator is one of the most important, as it can have 
a significant impact on the attitude of citizens to the implemented 
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 buildings5 [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 
should be carried out at the stage of project conceptualization, tak-
ing into account the possible number of resettled citizens depending 
on the expected capacity of the projected residential building.

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-
od of complex analysis, which subsequently allows to form a factor 
space for building an economic and mathematical model [3].

The main objective of the comprehensive analysis is to deter-
mine the initial efficiency of the project based on the assessment 

5	  The Program for Renovation of Housing in the City of Moscow : Decree of the Government No. 497-PP.

of initial parameters and conditions for its implementation. When 

considering a large portfolio of ongoing projects within the frame-

work of the residential development renovation programme, which 

do not have sufficient efficiency, it can be concluded that the effi-

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:

• expert evaluation method;

• principles of mathematical logic;

• analytical method;

• morphological analysis;

• method of research of the operations carried out in the pro-

cess of project realization.

The mentioned methods of conducting a comprehensive analy-

sis of project efficiency allow to sufficiently assess such basic 

blocks of parameters as:

• assessment of  the  conditions of  the  considered land plot 

and surrounding development;
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 • assessment and analysis of  the  limit parameters of  the pro-
jected residential building and possible related restrictions;

• 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;

• 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 

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.
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Применение положений комплексного 
анализа с целью проведения оценки 
эффективности реализации проектов 
реновации жилой застройки
Реализация муниципальной программы реновации жилой за-
стройки на территории города Москвы представлена масштаб-
ной и долгосрочной директивной социально-экономической 
политикой, направленной устойчивое обновление существую-

щего устаревшего жилого фонда и волновое переселение гра-
ждан во вновь возведенные жилые дома. Данная программа 
реализуется с целью обеспечить граждан комфортным и без-
опасным жильем, создать новые центры притяжения и создать 
условия для обновления жилой застройки в рассматриваемых 
районах города. Муниципальная программа реновации жилой 
застройки включает в себя три этапа волнового переселения, 
а именно: 1-й этап — 2020–2024 гг.; 2-й — 2025–2028 гг.; 3-й — 
2029–2032 гг. За время реализации программы планируется 
осуществить снос 5175 жилых домов, находящихся в высокой 
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степени физического и морального износа, а также произвес-
ти освоение более 650 стартовых площадок для строительст-
ва новых жилых домов.

Первичным этапом для реализации отдельных проектов 
в рамках указанной программы является определение стар-
товой площадки — выбора земельного участка для строи-
тельства нового жилого дома. Как показывает практический 
опыт реализации программы, неучтенные особенности и ог-
раничения, накладываемые окружающей застройкой, пара-
метры и физические характеристики земельного участка 
и иные исходные параметры могут оказать негативное влия-
ние на эффективность реализации проектов: недостаточный 
анализ, проводимый на этапе концепции и выбора земель-
ного участка, может существенно повысить риски проекта 
и оказать негативное влияние на экономическую эффектив-
ность и сроки реализации проекта, что в условиях необхо-
димости соблюдения плана по вводу новых жилых домов, 
обеспечения волнового переселения является одной из важ-
нейших задач. Для решения данной задачи предлагается 
рассмотреть обоснование целесообразности применения 
положений комплексного анализа при реализации проектов 
реновации жилой застройки в городе Москве с целью забла-
говременного детерминирования вероятных рисков и разра-
ботки механизмов по их минимизации.

Ключевые слова: программа реновации жилой застрой-
ки, комплексное развитие территорий, комплексный анализ, 
программа реновации города Москвы
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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.
Keywords: outsourcing, chargeback, factor, factoring, construction processes 

According to research conducted by the Fed-
eral 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): 

• development of: construction projects, dis-
mantling and demolition of a building;

• 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, 

Borozdina S. M.
Syrtsov Yа. V.

Borozdina  
Svetlana Mikhailovna, 

Candidate of Economic Sciences, 
Associate Professor of the Depart‑
ment of Economics and Manage‑

ment in Construction; Moscow 
State University of Civil Engineering 

(National Research Univer‑
sity) (MGSU); 26 Yaroslavskoe 

shosse, Moscow, 129337, 
Russian Federation; ID RSCI: 

654497, Scopus: 57194450904, 
ResearcherID: AAM-6451-2020, 
ORCID: 0000‑0002‑7198‑4655; 

BorozdinaSM@mgsu.ru

Syrtsov  
Yaroslav Valerievich, 

Graduate student of the Department 
of Economics and Management 
in Construction; Moscow State 
University of Civil Engineering 
(National Research University) 

(MGSU); 26 Yaroslavskoe shosse, 
Moscow, 129337, Russian 

Federation; ID RSCI: 60050130; 
y9262266680@yandex.ru



ЭКОНОМИКА И МЕНЕДЖМЕНТ НЕДВИЖИМОСТИ

29

Международный научно-технический журналНедвижимость: экономика, управление # 4 / 2024



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].

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, Italy 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 (Tаblе).

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

Th
ou

sa
nd

s 
of

 ru
bl

es

Fig. 1. Accounts receivable schedule from 2020–2023 in main-
tenance management [1]
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Fig. 2. Accounts receivable schedule from 2020–2023 in con-
struction [3]
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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 

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 

Comparison of factoring with credit and overdraft [14]

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

Services
Receivables management, reduction  

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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Provision of electricity, gas and steam (–35 %)
Services (–31 %)
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Textile and clothing production (–5 %)

Metallurgical production and metal products (2 %)
Mining (6 %)

Other wholesale trade (7 %)
Manufacture of footwear,leather and leather produc. (9 %)

Production of alcoholic beverages (13 %)
Machinery and equipment manufacturing (14 %)

Construction (15 %)
Trade in non-food products (24 %)

Production of pharmaceuticals, instruments (25 %)
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Food trade (49 %)
Manufacture of electrical, electronic, optical  equip. (53 %)

Trade FCB and electronics (56 %)
Transportation and logistics (73 %)

Other (non-category) (100 %)
Trade in alcoholic beverages (105 %)

Chemical and petrochemical production (144 %)
Trade in motor vehicles (1,085 %)

Change for 12 months, % Active clients in 1H2024, units

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]
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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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Анализ применения симбиоза 
факторинга и чарджбека  
при аутсорсинге строительных 
процессов и управлении недвижимостью
Одними из основных факторов, влияющих на окончатель-
ную стоимость строительства, являются соблюдение сроков, 
а также качество выполняемых работ или оказываемых услуг. 
Существующие механизмы, обеспечивающие гарантию опла-
ты или качества выполняемых работ или оказываемых услуг, 
становятся неэффективными и защищают интересы только 
одной из сторон, участниц строительного процесса, в то вре-
мя как вторая становится более уязвимой. Рост в геометриче-
ской прогрессии объема дебиторской задолженности в стро-
ительной отрасли требует новых подходов в  управлении. 
Особую важность для развития строительной отрасли в Рос-
сийской Федерации представляет учет интересов всех сто-
рон-участников строительных процессов и управления не-
движимостью. Целью настоящей статьи является анализ 
возможности одновременного применения при аутсорсинге 
строительных процессов таких инструментов, как факторинг 
и  чарджбек, с  точки зрения повышения эффективности 
управления финансовыми рисками для заказчика и подряд-
чика. Актуальность темы связана с ростом дебиторской за-
долженности в строительном секторе Российской Федерации 
и отсутствием актуальных исследований, посвященных при-
менению при аутсорсинге строительных процессов симбиоза 
факторинга и чарджбека. Была собрана актуальная статисти-
ка и смоделирована динамика изменения объема дебитор-
ской задолженности по отраслям в строительстве и управле-

нии недвижимостью, и на основании данных исследований 
была проведена сравнительная характеристика применения 
факторинга и чарджбека. Сделан обоснованный вывод о том, 
что рассматриваемые механизмы выполняют разные функ-
ции и направлены на достижение разных целей, при этом спо-
собствуют финансовому оздоровлению и снижению кассовых 
разрывов компаний, а симбиоз их применения способен сни-
зить объем дебиторской задолженности в отрасли строитель-
ства и управления недвижимостью в целом.

Ключевые слова: аутсорсинг, чарджбек, фактор, факто-
ринг, строительные процессы
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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-
ical mechanisms, life cycle

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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 RESULTS

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 

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.

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

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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Особенности функционирования 
и развития строительных формирований 
на рынке многоэтажных жилых зданий
В  условиях деятельности строительных формирований 
и всех участников инвестиционного процесса на рынке мно-
гоэтажных зданий в различных регионах страны наиболее 
резко возникают различные организационно-технологиче-
ские ситуации, связанные с наличием ряда новых особен-
ностей, когда меняется характер их работы, взаимодейст-
вия между собой, направления развития на рынке жилья 
с учетом накопленного опыта, потенциала и видов специ-
ализаций. Это определяет необходимость формирования 
и использования рациональных форм организации строи-
тельства, направленных на стабилизацию всего строитель-
ного производства и процессов снижения влияния измене-
ний внешней и внутренней среды, различных видов риска. 
Методами исследования, применяемыми в работе, являют-
ся теоретический анализ, эмпирическое изучение с последу-
ющим обобщением и систематизацией полученных данных, 
кроме того, были использованы основные научные подходы: 
«диалектический», «системный», «динамический», «вари-
антный», «балансовый», «моделирование». Объектом ана-
лиза являются организационно-технологические процессы 
возведения объекта недвижимости и деятельности предпри-
ятий на рынке многоэтажных жилых зданий с учетом осо-
бенностей, учет которых влияет на обеспечение стабильно-
сти и устойчивости развития производственных процессов.

Применение различных механизмов, мероприятий в области 
использования технологий, рациональных форм организа-
ции материального производства в деятельности предприя-
тий позволит повысить устойчивость и надежность их рабо-
ты в условиях влияния рисков и факторов неопределенности 
строительного производства. 

Ключевые слова: многоэтажные жилые здания, рынок жи-
лья, застройщики, внешняя и внутренняя среда, особенно-
сти, строительные формирования, устойчивость, формы 
организации строительства, риски, организационно-техно-
логические механизмы, жизненный цикл
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UDC 332

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

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.

In the context of global climate change and deple-
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 Law1.

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 

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-
der2 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, 

Safronova N. B.
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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 

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]. 

INDICATORS  
OF THE TOTAL BASE 
LOAD

SYSTEM AVERAGE 
INTERRUPTION  
DURATION INDEX

VOLTAGE  
QUALITY  
PARAMETRES

TOTAL HARMONIC
DISTORTION  
CALCULATION

SYSTEM AVERAGE 
INTERRUPTION 
FREQUENCY INDEX

SAVINGS  
INDICATOR  
RATE

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 
rate tariff

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

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
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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.

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

Prioritization of measures according to the specific level 
of energy efficiency parameters and energy sating indicators

Volume and billing

Establishing the cost 
parameters for the most 

energy-efficient 
measures

1 1

1

1–4

2

4

4

4.1

4.1

4.2

4.2

4.3

4.3

2

3

Ranking of objects by 
energy consumption level

Yes

Insufficient
Suffic

ient

N
o

Assessing the almn 
financing parameters

Deterahng the level of funding 
for the implementation of measures

The expenditures limit 
surpassed

Step-by-step 
implementation of activities 

based on the ranking

The amount 
of the project’s financial 

support

Conducting a sequence 
of subordinate events 

in accordance with 
the rating

The remaining funds alloav 
to execute a less expensive 

etent

Defining a set of activities 
at the next facility

Assessment of the economic impact

Fund 
balance

Funds are insufficient 
for the comprehensive 

implementation of energy 
sating measures

The establishment of a fund 
for the implementation of further 

energysating measures



ГРАДОРЕГУЛИРОВАНИЕ И УПРАВЛЕНИЕ ЖИЛИЩНО-КОММУНАЛЬНЫМ КОМПЛЕКСОМ

41

Международный научно-технический журналНедвижимость: экономика, управление # 4 / 2024



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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Вопросы управления 
энергоэффективностью при управлении 
и эксплуатации объектов недвижимости 
в жилищно-коммунальной сфере
Статья исследует кросс-отраслевые показатели и методики 
управления в жилищно-коммунальном хозяйстве, акценти-
руя внимание на их значимости для повышения энергоэф-
фективности и оптимизации ресурсов. 

В условиях глобальных вызовов, таких как изменение кли-
мата и истощение природных ресурсов, эффективное ис-
пользование энергии в жилищно-коммунальном хозяйстве 
становится критически важным. 

Отрасль жилищно-коммунального хозяйства является одним 
из крупнейших потребителей энергии, и неэффективное ис-

пользование энергетических ресурсов приводит к высоким 
затратам и негативным экологическим последствиям.

Кросс-отраслевые показатели позволяют сравнивать эф-
фективность энергосбережения в жилищно-коммунальном 
хозяйстве с другими секторами экономики, что способству-
ет переносу лучших практик и технологий. Например, мето-
ды управления энергозатратами из промышленности могут 
быть адаптированы для систем теплоснабжения и водоснаб-
жения многоквартирных домов. В  статье выделяется не-
сколько ключевых этапов методики управления: постановка 
целей по повышению энергоэффективности, анализ текуще-
го состояния систем, оценка энергетической эффективности 
и разработка мероприятий по энергосбережению.

Использование современных технологий мониторинга по-
зволяет в реальном времени отслеживать потребление ре-
сурсов и  выявлять неэффективные участки. Важным ас-
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 пектом является необходимость комплексного подхода 
к управлению энергоресурсами, который включает взаимо-
действие с населением и местными властями. Это сотруд-
ничество способствует созданию устойчивого развития жи-
лищно-коммунального хозяйства и  улучшению качества 
предоставляемых услуг. Внедрение инновационных реше-
ний для повышения надежности систем и снижения затрат 
на коммунальные услуги является одним из важнейших на-
правлений, что в конечном итоге связано с достижением 
цели повышения уровня жизни граждан.

Ключевые слова: энергоэффективность, жилищно-комму-
нальное хозяйство, кросс-отраслевые показатели, управле-
ние ресурсами, современные технологии, экологические ас-
пекты
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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

In the introduction, let us recall what we managed 
to establish regarding the ETA in the previous publica-
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:

• parameters of the material and spatial environ-
ment;

• 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;

• 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 

conservation; ensuring the predictability of the per-
sonnel policy of the operation system, etc.

REQUIREMENT REGISTRIES  
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   inf ra s t ructure,  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 CCI.

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.
1.1.1.1. CSI code.
1.1.1.1.1. Room type.
An excerpt of a transcript of the CII codes, linked to room types, is 

as follows:
|BAE| Teaching space|
|BAE010| Lecture hall|
|BAE020|Universal classrooms|
|BAE030|Universal classroom|
|BAE040|Specialized training room|
|BAE060|Computer lab|
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 

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

Fig. 2. Code fragment for Dynamo
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Перспективы применения 
образовательно-технологического 
задания при формировании 
информационных моделей 
университетских кампусов
Данная статья является продолжением серии публикаций, 
посвященных промежуточным результатам и  перспекти-
вам цифровой и нормативно-технической трансформации 
в строительной отрасли нашей страны и ее влиянию на от-
дельные задачи инвестиционно-строительного цикла, воз-

никающие при создании современных университетских кам-
пусов. Программа создания сети университетских кампусов 
является одним из основных драйверов научно-технологи-
ческого развития и подготовки кадров в Российской Феде-
рации в настоящее время. В связи с этим в предыдущих 
публикациях в развитие данной темы автор предлагал и обо-
сновывал необходимость введения в систему строительной 
документации Кампусной программы, образовательно-тех-
нологических условий как нового типа инженерных пара-
метров-измерителей материально-пространственной сре-
ды и образовательно-технологического задания (ОТЗ) как 
нового типа документа, который может являться частью за-

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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дания на проектирование или приложением к нему, а также 
частью последующего договора на оказание услуг по управ-
лению или технической эксплуатации объектов капитального 
строительства. При применении ОТЗ становится единствен-
ным доступным комплексным инструментом формирования 
качественных и количественных функционально-технологи-
ческих и эксплуатационных параметров объектов кампуса 
в соответствии с принимаемой целевой моделью образова-
тельной организации, определенной в ее программе разви-
тия. В настоящей статье автор предлагает алгоритмы фор-
мирования ОТЗ, описывает необходимость и возможность 
его интеграции с технологией информационного моделиро-
вания и непосредственно информационными моделями объ-
ектов капитального строительства. Это определяется тем, 
что ввиду действующих требований законодательства ин-
формационная модель призвана охватывать и объединять 
все этапы жизненного цикла объекта капитального строи-
тельства.

Ключевые слова: задание на проектирование, нормативно-
технические документы, функционально-технологические 
требования, образовательно-технологическое задание, рее-
стры требований, параметрическое нормирование, Класси-
фикатор строительной информации
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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

The level of resource reservation (power type) is 
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 — i, as well as their 
variances σ2 and average deviations — σ 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 Isf 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 Pt
rel

opt
rel→ � 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 Тopt.

5. The average shift intensity of the final special-
ized flow Isf 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, Isf is neces-
sary to comply with the construction period Тopt, 
which ensures the commissioning of the entire facil-
ity within the estimated time, according to the for-
mula [6]:

	 (1)

where Тsf
opt — construction period; Тsf

depl — the de-
ployment period of the specialized (final) flow.

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

.	 (2)

7. The necessary increase in the volume of work 
is determined Qr:

	 (3)

were  — amount of work that will be 
completed on time Тopt at an intensity Isf.

8.  There is a  deadline for  which the  volume 
Q P Pt

rel
opt
rel  will be completed at an  intensity Isf 

and   by the formula [7]:

.	 (4)

9.  The  excess of  the  expected period over 

the optimal period Тopt ( Popt
rel � = Тopt) is determined as 

a result of low reliability  by the formula [8]:

	 (5)

where ∆Т = τ working or dτ calendar days. 
10. Losses (Сloss) 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 dτ days [9, 10].

11. The cost of maintaining the reserve resources Сr.r should not 
exceed the value Сloss 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]:

• 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;

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

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

Pj
rel = e–φxcd,	 (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];

• reserve resources are selected to neutralize the factors that 
significantly affect Pj

rel of private flows;

• 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 Сsfr.r  of  each 
specialized flow is calculated, where such resources are 
used. Then from Сsfr.r  the value of the economic effect Сuse 
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:

Сf
r.r = Сsf

r.r  –  Сuse;	 (7)

• Pj
rel of private flows is calculated, taking into account redun-

dancy. To do this, new values of Хcd, P(Xcd), Xr are defined;

• condition Т = Pj
rel 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 Pj
rel 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 Pj

rel 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 Тr 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 — Тopt (Pj

rel = P3
rel).

Fig. 1. Graph of the dependence of the total cost Cr on the dura-
tion of construction Тr
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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 Cr and the duration of construction Тr is 
established. The nature of  this dependence is shown in Fig. 2. 
A delay in the entry of the final object by τ working days will cause 
a delay in the commissioning of the entire complex by ατ calendar 
days, where:

	 (8)

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 Pj

rel and the duration of construction T, the cost func-
tion C = f(r) will be the inverse of the one shown in Fig. 2.
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Определение уровня резервирования 
комплексного строительного потока 
кластер-территории сложившейся 
застройки города
Среди методов повышения надежности, предусматриваемых 
при проектировании, особое место занимает использование из-
быточности. Избыточность — дополнительные средства (или 
возможности) сверх минимально необходимых для выполне-
ния заданной функции. Резервирование — это метод повыше-
ния надежности путем введения избыточности. Особое место, 
отводимое этому методу, объясняется тем, что резервирование 

наиболее полно позволяет решить задачу получения требуемой 
надежности при относительно малонадежных элементах. В за-
висимости от вида используемой избыточности различают сле-
дующие виды резервирования: структурное — предусматриваю-
щее использование избыточных элементов; в структуре объекта 
(узлов, блоков, аналогичных имеющимся); временное — пред-
усматривающее использование избыточного времени; функци-
ональное — предусматривающее использование способности 
элементов выполнять дополнительные функции; информацион-
ное — предусматривающее использование способности к вос-
приятию дополнительной информации, поступающей на объект; 
нагрузочное — предусматривающее использование способно-
сти к восприятию дополнительной нагрузки. Одним из основных 

Fig. 2. The fundamental relationship between reliability, the cost 
of maintaining reserves and the magnitude of the economic effect 
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способов повышения надежности систем является структурное 
резервирование, которое предусматривает включение в состав 
системы дополнительных объектов. Структурное резервирова-
ние различается по ряду признаков: резерв включен постоян-
но или резервный элемент включается по мере необходимости 
(резервирование замещением, ненагруженный резерв); инди-
видуальное или групповое резервирование; переход на резерв-
ный элемент происходит мгновенно или требуется конечное 
время на переключение; система контроля работоспособности 
и управления резервом абсолютно надежна или имеет конечную 
надежность и т.д. Многообразие видов резервирования приве-
ло к созданию десятков различных моделей, учитывающих кон-
кретную специфику систем.

Ключевые слова: резервирование ресурсов, интенсивность 
специализированного потока, комплексный строительный 
поток, стоимость содержания резервных ресурсов, принцип 
выбора критерия оптимальности
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Organizational and technological analysis 
of high-speed construction of civilian  
high-rise buildings in China
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-
tive analysis and rigorous statistical data processing, which significantly expedite construction timelines while 
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.
Keywords: rapid construction, construction technology, prefabricated structures, high-rise buildings, economic  
efficiency

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 (Tаblе 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. 

Chong L. 
Fomin N. I.

Shuoting X. 
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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

Types of construc-
tions

By material

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

By load

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 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

Table 2. Weight of level criteria

Number Stage
Quantity  
of factors

Weight

1 Design stage 4 0.1739

2 Production stage 3 0.1304

3 Transport stage 3 0.1304

4 Construction phase 5 0.2174

5 Project management stage 5 0.2174

6 External factors 3 0.1304

Factors

Design stage

Production stage

Transport stage

Construction stage

External factors

Project  
management stage

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

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

Transport speed
Chain management [6]
Inventory management

Installation technology [7]
Availability of construction equipment [8] 
Safety measures at the construction site 
Construction experience
Construction plan
Speed of construction
Construction Coordination

Efficiency of project management [9]
Use of information technology
Contract management
Cost control [10]
Team coordination
Risk management

Regulatory framework
Support for public policy
Weather conditions

Fig. 2. Evaluation factors [3–10]

Fig. 1. Factor assessment process for the speed construction
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 The construction of the AHP model based on the survey data is 
described in detail below (Tаblе 2).

Among the various phases of a prefabricated building project, 
the construction stage and the project management stage have 
the greatest weight (Tаblе 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:

	 (1)

where �Wcomplex  — the  composite weight of  a  sub-factor;  

Wstage  — the weight of the stage to which the sub-factor 

belongs;  
Wfactor  — 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:

	 (2)

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:

 QC = 0.9; 

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:

• location selection and  node design: Locate frame column 

Table 3. Weight of level sub-criteria

Number Factors
Quantity  
of factors

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

2.5
Innovative production  
technologies

3 0.079

2.6 Quality control in production 4 0.108

2.7 Reliability of material supply 5 0.299

3. Transport stage

3.1 Transport speed 3 0.296

3.2 Chain management 4 0.370

3.3 Inventory management 4 0.334

4. Construction stage

4.1 Installation technology 5 0.176

4.2
Availability of construction  
equipment

4 0.149

4.3
Safety measures at 
the construction site

4 0.149

4.4 Construction experience 5 0.176

4.5 Construction plan 4 0.149

4.6 Speed of construction 5 0.176

4.7 Construction coordination 4 0.176

5. Management stage

5.1
Efficiency of  project manage-
ment

4 0.164

5.2 Use of information technology 3 0.123

5.3 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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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];

• 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): 

• delivery of  prefabricated samples to  the  site  — assembly 
of frame column assemblies;

• installation of columns and prefabricated columns and beam 

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

Fig. 3. Complex weights of factors

Fig. 5. Scheme of construction speed thresholds
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assemblies, use of steel sleeves to connect longitudinal re-

inforcement; 

• connection of  reinforcement and  erection of  laterally sup-

ported and laterally restrained frame column assemblies us-

ing standardized formwork systems; 

• 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;

• 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;

• pouring concrete mix in  the  beam and  countersunk floor 

beam assembly units; 

• under the auxiliary support of the assembly nodes, the frame 

columns of the next level are erected. 

1	  Innovative design of assembled concrete structures, zhulong.com. URL: zhulong.com/bbs/d/30981686.html (accessed: 05.05.2024).

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.1

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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Организационно-технологический анализ 
скоростного возведения гражданских 
высотных зданий в Китае
В данной работе представлен подробный организационно-
технологический анализ ускоренных процессов строитель-
ства гражданских многоэтажных зданий в Китае с акцентом 
на использование технологий предварительного изготовле-
ния для решения задач стремительной урбанизации и рас-
тущего спроса на жилье. Исследование выявляет ключевые 
организационные и технологические инновации с помощью 
сравнительного анализа и статистической обработки данных. 
Эти инновации значительно сокращают сроки строительства, 
обеспечивая при этом строгие стандарты безопасности и вы-
сокого качества. В работе подчеркивается важность страте-
гического улучшения управленческих процессов, внедрения 
современных технологий и материалов, а также укрепления 
координации между участниками проектов. Это позволяет 
значительно повысить эффективность и скорость реализации 
проектов строительства высотных зданий. Особое внимание 
уделено предварительно армированным бетонным каркас-
ным конструкциям, которые существенно сокращают время 
строительства на месте и трудозатраты, предлагая жизнеспо-
собное решение для удовлетворения неотложных жилищных 
потребностей в условиях стремительно растущих городских 
районов. Дополнительно предлагается система оценки фак-
торов влияния на предварительно изготовленные конструк-
ции, основанная на методе аналитической иерархии (AHP). 
Эта система позволяет проводить приоритизацию факторов 
и принимать более обоснованные управленческие решения. 
Данный интегрированный подход не только решает практи-
ческие задачи ускоренного строительства, но и вносит вклад 
в теоретическую базу гражданского строительства. Исследо-
вание предоставляет практические рекомендации, которые 
могут быть применимы в аналогичных условиях развития го-
родов в глобальном масштабе. Результаты работы призва-
ны повлиять на будущие строительные практики, способст-
вуя формированию устойчивых и эффективных стратегий для 
решения актуальных вызовов урбанизации.

Ключевые слова: скорое возведение, технология строи-
тельства, сборные конструкции, высотные здания, экономи-
ческая эффективность
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UDC 331.5

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.
The research was supported by a grant from the Russian Science Foundation No 24‑28‑00848, URL: https://
rscf.ru/project/24‑28‑00848/
Keywords: spatial planning, personnel, technological order, labour process

The  transition to a  new technological order, 
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:

• exclusion of employees with non-standard 
employment from the scope of the social pro-
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-
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 

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 
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:

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

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

• 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 Tаblе 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:

• current demographic statistics;

• 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; 

• 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.);

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

• 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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8. Measuring economic losses in a region according to identi-

fied risk types (Tаblе 2).

9. Development of measures to ensure sustainable risk-adjust-

ed development of a region.

The algorithms for assessing the risks outlined in Tаblе 2 are 

shown in Fig. 1–4. 

They include:

• the algorithm for assessing qualification risk;

• the algorithm for assessing socio-economic risk;

• 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, 

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

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 = S ? 

There is no 
qualification risk

 

D > S? 
 

Shortage 
of personnel in 

a specific profession 
(group of professions)    

Unemployment among workers in this profession  
(group of professions) 

Is the deficit/ 
unemployment within 

acceptable limits? 
 

Qualification risk is present 

Yes
 

No 

Yes
 

No 

Yes
 

No  

Start 

End End 

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

 

 

 

 

 

 

 

 

 

 

 

No  

Start  
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Number of self-employed and not registered as individual 
entrepreneurs platform employees who voluntarily pay 

pension  and health care  insurance contributions (SPEc) 
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 There is 
no socio-economic 

risk 

 

 

 Socio-economic risk is present 

End  

Fig. 2. The algorithm for assessing socio-economic risk
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 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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Fig. 3. The algorithm for assessing technological risk
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Разработка методики оценки трудовых 
ресурсов и занятости в регионе с учетом 
цифровых вызовов
Научное исследование направлено на разработку методи-
ки оценки трудовых ресурсов и занятости региона, позволя-
ющей определить степень сбалансированности изменения 
трудовых ресурсов региона в условиях развития цифровой 
экономики и новых форм занятости для последующей выра-
ботки мероприятий по снижению экономических потерь, выз-
ванных асимметричным развитием рынка труда и занятости. 
Разработанные алгоритмы реализации методики и оценки ри-
сков, влияющих на трудовые ресурсы региона, могут быть ис-
пользованы региональными структурами, обеспечивающи-
ми управление экономикой региона, в процессе разработки 
и принятия решений по его устойчивому развитию. Для до-
стижения цели исследования будут использованы методы 
морфологического анализа для выделения ключевых харак-
теристик трудовых ресурсов региона, способствующие соци-
ально-экономическому и инновационному развитию региона. 
С помощью методов статистического анализа предложено ис-
следовать зависимость цифрового развития региона от изме-
нений внешней среды, являющихся следствием реализации 
рисковых событий, и выявить роль цифровизации трудовых 
ресурсов региона в обеспечении устойчивого экономическо-
го развития. Кроме того, предполагается использовать обще-
признанные методы сбора и сравнительного анализа данных 
(метод аналогий, методы контентного, экспертного анализа), 
метод моделирования. Новые формы труда и занятости, воз-
можные благодаря информационно-коммуникативным тех-
нологиям, оказываются за пределами национального регу-
лирования. Прежние подходы и методы анализа трудовых 
ресурсов, оценки безработицы в масштабах страны и ее ре-
гионов уже не дают реальной картины, поскольку географи-
ческое местоположение человека автоматически не опреде-
ляет его труд и занятость в конкретном регионе. Это делает 
актуальными исследования в области методологии анализа 
трудовых ресурсов регионов и занятости, учитывающие но-
вые формы занятости и риски, связанные с заменой людей 
роботами, а человеческого интеллекта — искусственным.

Исследование выполнено за счет гранта Российского научно-
го фонда № 24‑28‑00848, URL: https://rscf.ru/project/24‑28‑00848/

Ключевые слова: территориальное планирование, персо-
нал организации, технологический уклад, процесс труда
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1	  GIS Of Housing and Communal Services. URL: https://dom.gosuslugi.ru.(rus.).

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

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 implemented1 [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 
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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 оказанные 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 

real-world information. When solving analytical problems, as a rule, 
one can distinguish the mainе 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).

Fig. 1. GIS HCS: Analysis of information on the percentage of MAB wear and tear by management methods
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This data shows that some of the houses with a high percent-
age of depreciation either did not choose the management method, 
or the data in the system was not provided. Data on the average 
percentage of MAB wear and tear over the year of commissioning 
are also clearly presented (Fig. 2). As can be seen in Fig. 2, in this 
region (Tambov region), a fairly high percentage of wear and tear 
falls on the years of construction from 1788 to 1985, the maximum 
wear of 75.54 % falls on houses built in 1909–1919.

The table below in the Housing and utilities GIS provides ag-
gregated information on apartment buildings (MAB) in this region 
with an indication of the average percentage of depreciation for in-
dividual districts and cities of the Tambov region (Fig. 3).

The study can be conducted for the entire Tambov Region, or 
for a separate district or city. For example, let's examine the areas 
with the highest average percentage of wear and tear. To do this, 
we will order the entries in descending order by the column “Aver-
age percentage of wear” (Fig. 3). The highest average percentage 
of MAB wear is 83.37 %, Bondarsky district. At the same time, 

the method of managing such MAB is Direct management. By click-
ing the “MAB List” button, you can get detailed information. Thus, 
for the Bondarsky district, the maximum wear and tear of 90 % falls 
on one building of the 1978 year of commissioning, and another 
40 buildings have 85 % wear and tear with the period of commis-
sioning from 1962 to 1986.

Based on  these data, it can be concluded that regardless 
of  the construction period, MAB under direct management are 
in poor condition in this area and require increased attention.

We are investigating information about the MAB accident rate 
in this region. To do this, in the filtering parameters, specify “Analy-
sis of information about the health of the MAB”. The system pro-
vides a visual representation of data on the average percentage 
of MAB wear over the year of commissioning (Fig. 4) for the entire 
Tambov region.

Referring to the data table for detailed information on the area 
of interest, we observe (Fig. 5) that one building of the MAB under 
the direct control of the 2004 year of commissioning is in disrepair.

Fig. 2. GIS HCS: Average percentage of MAB wear and tear by year of commissioning

Fig. 3. GIS HCS: MAB Depreciation Data
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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 

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).

Fig. 4. GIS HCS: Percentage of MAB wear and tear by year of commissioning

Fig. 5. GIS HCS: Table of data on the state of MAB
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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 (R2) 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 R2 = 0.5505, which is signifi-

cantly less than 1.

The forecast for  the  indicator “Total sued” is more reliable, 

R2 = 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, R2 = 0.9312, 

and the forecast value will remain approximately at the same level 

as a year earlier. 

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 4.413 – 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

Fig. 6. GIS HCS: Organizations engaged in the management of MAB, brought to administrative responsibility, by types of administrative penalties
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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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ГИС ЖКХ: аналитические возможности 
открытой части системы для 
образовательных целей
В статье рассматриваются и исследуются возможности ис-
пользования открытой части информационной системы ГИС 
ЖКХ, раздела «Аналитика и отчеты» как источника больших 
достоверных данных и инструментов работы с ними. Приме-
нение таких данных и инструментов работы важно и акту-
ально при подготовке будущих специалистов, формировании 
у них навыков аналитической работы с информацией. Це-
лью исследования является возможность постановки и ре-
ализации аналитических задач для образовательных целей 
на базе реальных достоверных данных ГИС ЖКХ. В ходе ис-
следования были изучены основные особенности системы 
и предложены постановки аналитических задач для учеб-
ных целей. Использованы разделы системы «Техническое 
состояние многоквартирных домов» и «Привлечение управ-
ляющих организаций к  административной ответственно-
сти». Одна из задач решается полностью с использованием 
встроенных инструментов платформы, другая — регресси-
онный анализ — с привлечением инструментальных средств 
табличного процессора. Встроенные инструменты открытой 
части системы ГИС ЖКХ «Аналитика и отчеты» позволяют 
сортировать данные, переходить от агрегированных данных 
к детализированным и обратно, дополняют графическими 
моделями табличные данные, что делает работу с информа-
цией простой и понятной. Отсутствие возможности экспорта 
данных из системы затрудняет возможность использования 
сторонних приложений для последующей обработки данных. 
Решение такого класса аналитических задач позволяет об-
учающимся получить навыки постановки задачи, решения 
и интерпретации полученных результатов. Рассмотренные 
примеры аналитических задач могут быть расширены дру-
гими задачами, предложенными непосредственно самими 
обучающимися. Данное исследование имеет практическое 
значение при подготовке будущих специалистов в  обла-
сти экономики, менеджмента, управления недвижимостью 
и ЖКХ. 

Ключевые слова: ГИС ЖКХ, аналитика данных, образова-
тельные цели, информационная система, жилищно-комму-
нальное хозяйство
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