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Aoporue umrarenu!

B Hatlly 13Hb BOLLMI HOBbIE CIIOBOCOYETAHNA — CaMOCOXPAHEHWUE 1 YCTOIYNBOE pas-
BuTMe. CTano sCHO, YTO OHU ONPEAEeNsoT yenex 1 3 MeKTUBHOCTb KaK OTAENbHbIX UHAW-
BUAYYMOB, TaK 11 GU3HEC-COOBLLECTB I Lienble 0TPAcnu. YCTONYMBOE pa3BUTIE MOXKHO pac-
cMaTpuUBaTh B ABYX MNOCKOCTAX 11 CYLUHOCTSX. OAHO ONpefeneHne xapakTepusyeT Lene-
HanpaBfieHHble AE/ACTBIUS KaKO-NN60 CUCTEMbI, KOTOPas, pa3BUBasiCh, ABMKETCS MO Liene-
BOMY BEKTOPY, MUHUMANbHO OTKIIOHASCH OT HEro noJ, BO3LeNCTBUEM BO3HUKAIOLLMX BHELL-
HUX CWN; ApYroe onpefeneHne CBA3aHO C [8ATENbHOCTLIO Ye/10BeKa, 06LLecTBa U Npupo-
Ibl. CYUTAeTCA, YTO X COBMECTHOE pa3BuTMe GYAeT YCTOMYNBbLIM TOMA, KOraa B COBOKYM-
HOCTW CTAHOBUTCS MPUHATUE BLIFOAHOIO PELLEHUS st BCEX OJHOBPEMEHHO.

MocnegHee mecatunetve nod arngon OOH Ha perynspHoi 0CHOBE NPOXOAAT KOHe-
peHLnu, Npu3BaHHbIe CCHOPMYINPOBATL MPUHLMMbLI YCTONYUBOrO PA3BUTUSA NPELNPUATUN,
TEPPUTOPUIA, PErnOHOB CTPaHbl, 0XBaTbIBAKOLME BCE BUAbI AEATENbHOCTU (9KOHOMUYeE-
CKWe, 3KONOTMYECKUe, NONUTUYECKIE, COLMATTbHBIE, UHTENNIEKTYalIbHbIE) Yepe3 CUCTEMHOE
npefcTaBieHNe Pe3yNnbTaTUBHOCTM — 3KOHOMWUYHOCTW, NMPOW3BOANTENIbHOCTH, [EeN0BOA
AKTUBHOCT, NHHOBALWMIA U AOXOAHOCTH.

[TpuHuMnam n MexaHuamam yCTONYMBOro pasBuUTMA CyObEKTOB XO3ANCTBEHHON Aef-
TeIbHOCTW MOCBALLEH 3TOT HOMEP XypHana.

C yBaxxeHueMm, rnasHblii pegaktop, Mérp Mpa6oBblii

Dear readers!

New phrases have entered our lives — self-preservation and sustainable development.
It has become clear that they determine the success and efficiency of individuals, business com-
munities and entire industries. Sustainable development can be viewed in two dimensions
and entities. One definition characterizes the purposeful actions of a system that, while develop-
ing, moves along a target vector, deviating minimally from it under the influence of emerging ex-
ternal forces; the other definition is related to the activities of man, society and nature. It is be-
lieved that their joint development will be sustainable when in the aggregate becomes the adop-
tion of a favourable decision for all at the same time.

For the last decade, under the auspices of the UN, conferences have been held on a regular
basis to formulate the principles of sustainable development of enterprises, territories, regions
of the country, covering all types of activities (economic, environmental, political, social, intel-
lectual) through a systemic representation of performance — economic efficiency, productivity,
business activity, innovation and profitability.

This issue of the journal is devoted to the principles and mechanisms of sustainable devel-
opment of economic entities.

Sincerely, Peter Grabovyy, Editor-in-Chief
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A new investment landscape for urban
development

The creation of a network structure of development strategies on a national scale with the corresponding project
content will require changes in the investment landscape without any alternative. lts cultural and socio-political
interpretation allows us to consider it as a set of investment technologies structured according to the composi-
tion of the development project portfolio. The strategic goal of creating a new investment landscape in the con-
text of urban development is to ensure the necessary and sufficient, as well as a balanced amount of financing
of the project portfolio, providing accelerated entry into the trajectory of self-sufficient sustainable innovation de-
velopment in the common space of modern Russia.

The analysis of the current investment landscape of urban development has shown: the dominance of technol-
ogies for the development of public capital investments; the consistently expanding participation of develop-
ment institutions, concerning the creation and use of fund technologies; the return on a new technological basis
to the mechanisms of public-private partnership, share technologies, etc.; the emergence of microfinance tech-
nologies; the use of information modelling technologies, etc. The analysis of the current investment landscape
of urban development has shown the following.

The goals of urban development predetermine the need to form a project portfolio, including both large-scale sec-
toral/inter-sectoral, regional/interregional, as well as international projects, and local projects of various types. Ac-
cordingly, the investment landscape should be able to cover the entire project space with investment resources.
The discussion of the prospects for the development of investment technologies revealed a number of advan-
tages of such new for Russian practice technologies as industrial renovation technologies, which allow to free
the urban space from emergency industrial facilities, as well as industrial mortgage technologies, which open up
the possibility of lending against the collateral of renewable industrial-type real estate. The potential of microfi-
nance technologies that do not require budgetary support and are scalable using the potential of information tech-
nologies has also been identified.

Summarizing the results of the investment landscape study, we note that in the context of urban development,
such technologies as public-private partnerships, especially for the modernization of housing and communal in-
frastructure, unit technologies for the creation and modernization of commercial real estate, industrial renovation
technologies, as well as microfinance across the entire spectrum of creating a comfortable urban environment,
clearly require further development.

Keywords: urban development strategy, investment landscape, project portfolio, investment technologies, infor-
mation technologies

INTRODUCTION

ctualization of approaches to the formation
Aof the strategic vector of development

of modern Russia required the creation
of a system of multi-level and multidimensional stra-
tegic planning and management. The object
of planning and management, whether it is an enter-
prise, settlement, city, region, industry or country,
with its peculiarities and regularities of development
is characterized by multidimensional functioning,
specificity of resource potential, traditions of busi-
ness turnover, established institutional structure,
psychological type of residents, the nature of ex-
pectations of the subjects of urban environment,
the level of their business activity, etc. All this deter-
mines the choice of methods to influence the devel-
opment of objects of urban environment. All this
predetermines the choice of methods of influence
on the development of management objects. They
may differ significantly both by regions and by lev-
els of management. What works, for example,
in the North turns out to be useless in the South
of the country. In the same way, the methods of in-
terregional impact are useless at the local level. In
addition, practice has shown that well-developed
but isolated strategies have no chance of success-

ful implementation. According to M.V. Mishustin,
Chairman of the Government of the Russian Feder-
ation, a network structure of strategies on the scale
of the whole country is necessary. Investment
and construction projects of various scales, secto-
ral and territorial affiliation have become the materi-
al carrier of the process of implementation of strate-
gic guidelines, substantially covering the solution
of infrastructural, environmental and social develop-
ment tasks. All development projects related to both
new construction and modernization or liquidation
of real estate funds should cover the entire spatial
landscape and fit into the strategic vector of Rus-
sia's development.

An analysis of the strategic development context
of modern Russia has shown that, despite the explo-
sive growth in the number of import substitution pro-
jects, the restoration of critically important industries,
the modernization of transport infrastructure,
and the creation of a comfortable urban environment,
their investment projection reveals the absolute dom-
inance of large-scale, industry-specific projects.
Their territorial distribution, with the exception of lin-
ear transport infrastructure projects, is mainly con-
centrated in major cities that have sufficient resource
potential or a high probability of expansion



HenBvX1MMOCTb: 9KOHOMUKA, ynpaBneHne

MexayHaponHbI Hay4YHO-TEXHUYECKUIA XXypHan

0®ULMANBbHDIA PASAEN

and development. A defining trend of the present time is the imple-
mentation of modernization projects for existing enterprises, as well
as comprehensive territorial development projects, primarily focused
on residential construction.

The transformation of strategic development goals has signifi-
cantly reshaped the composition of projects in their practical imple-
mentation. As a result, the need to change the investment system
has become inevitable. The diversity, spatial dispersion, and scale
of the projects being implemented have necessitated changes
in the investment landscape. In the interpretation of T. Ingold, we
adopt the cultural nature of the concept of landscape [1, 2]. Under
the investment landscape, we understand a structured system of in-
vestment technologies aligned with the composition of the develop-
ment project portfolio'. Accordingly, investment technologies initi-
ated by Development Institutions are focused on financing specific
types of development projects, depending on their objectives,
scale, and characteristics [3]. The strategic goal of creating a new
investment landscape in the context of urban development is to en-
sure a necessary, sufficient, and balanced volume of financing
for the project portfolio, facilitating an accelerated transition to a tra-
jectory of self-sufficient, sustainable, and innovative development
within the unified space of modern Russia [4, 5].

MATERIALS AND METHODS OF RESEARCH

The investment landscape of modern Russia, as shown by
the structural analysis, is characterized by:

e firstly, the large-scale development of technologies for the uti-

lization of public capital investments;

e secondly, intensive participation of development institutions
in investment processes, which flexibly change the methods
and forms of investment;

e thirdly, the renaissance of a number of technologies of previ-
ous periods: public-private partnership, mortgage, share
technologies and others;

e fourth, the emergence of microfinance technologies;

e fifth, the widespread use of scoring, information technology
and on-line disbursement modes, etc.

Analyzing the current investment landscape, first of all, we
should note the single-channel use of household savings, which
emerged since 2022 and dominates to this day [6, 7]. They are
mostly placed on deposit accounts of commercial banks. Accord-
ing to the Bank of Russia, less than a third of savings are invested
in multi-apartment housing projects. The year 2024 was the year
when savings in the segment of individual construction became
more active. Investments in micro-projects capable of carrying
the load of fragmentary adaptation of large-scale projects, improv-
ing the ecological balance, ensuring comfortable living, innovative
renovation of real estate, resource-saving operational stage
of the life cycle of real estate, in the structure of investments are
within the statistical error and require not only close attention
of the authorities, but also popularization among the population
in order to complement and correct large-scale projects, to meet
the needs with the participation of the population [8, 9]. In order
to identify the demanded structural shifts in the investment

landscape of urban environment development, let us consider
the currently formed investment technology package.

1. Project Financing Technologies. Their launch took place
in 2018. Through the joint efforts of VEB.RF, Sber, VTB, Gazprom-
bank, and Promsvyazbank, a new Development Institution was es-
tablished in the form of the Project Finance Factory [10]. By refining
the investment mechanism, the Factory had launched and sup-
ported technological development projects worth 11 trillion rubles
by early 2023 and had prepared and financed a pool of projects
for 2024. The total volume of financing, including 2024, exceeded
17 trillion rubles.

Itis important to emphasize that future financing and the launch
of a new portfolio of projects strategically focused on achieving
technological sovereignty will be carried out with the support
of the Industrial Development Fund (IDF). The selected projects will
be funded by the Fund, but the borrowed funds of the IDF will be
replaced by VEB's resources. Long-term and large-scale projects
approved by the Ministry of Industry and Trade of the Russian Fed-
eration will receive financing exceeding 2 trillion rubles from
the available funds of the Factory’s partner banks?. The Ministry
of Industry and Trade of the Russian Federation estimates that ex-
panding financial support to cover the deficit in technological de-
velopment projects will reach 20 % [11].

2. Bond-Based Borrowing Technologies. The most successfully
applied bond-based investment technology today is the financing
mechanism of the Industrial Development Fund, created on the ini-
tiative of the Russian Government. The years 2022, 2023, and 2024
have been marked by a steady increase in loan amounts, ranging
from 5 million to 5 billion rubles. These loans have been issued
at an interest rate of 1-3 % per annum for a period of up to 10 years.

The scale and efficiency of bond-based technologies can be
assessed based on the following results: since 2020, more than
500 financed enterprises have launched new production facilities
and reached breakeven operations [12]. The expert community
highlights the following key features of bond-based technologies:

e full transparency in decision-making regarding loan issu-

ance;

e digital documentation process;

® long-term stability of loan issuance conditions;

e the option to begin principal repayment from the fourth year;

¢ well-developed consulting and support services;

e strong prospects for signing special investment contracts,

among others.

These features predetermine the further accelerated recapitali-
zation of the IDF and the potential inclusion of the Fund in the in-
dustrial mortgage program?®.

3. Industrial Renovation Technology. This technology is being
developed at the initiative of the Chamber of Commerce and Indus-
try of the Russian Federation (CCI RF). Its goal is to give a second
life to old factories. The pilot project for the renovation of “Brown-
field” enterprises was launched in 2020 [13]. As of today, six pro-
jects have already been initiated, with 30 more under review.

The industrial renovation technology is based on integrating
demolition, recycling, and the sale of secondary resources (such as
metal, crushed stone, and brick debris) generated during disman-
tling, which is carried out by the specialized company “Alexander

1 Technology. Archived April 22, 2016 at the Wayback Machine, Encyclopedia Britannica Online, 2016.

2 Crediting of investment projects within the framework of “Project Finance Factory” will increase up to 6 trillion rubles. URL: https://economy.gov.ru/material/news/kreditovanie_in-
vesticionnyh_proektov_v_ramkah_fabriki_proektnogo_finansirovaniya_uvelichitsya_do_6_trin_rubley.html

3 Industrial mortgage. URL: https://gisp.gov.ru/nmp/measure/12448038
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GRAD”. These processes are combined with site renovation meth-
ods. The costs of clearing the area are offset by the sale of high-
demand secondary resources. The technology fully complies with
environmental standards and does not harm the environment.

4. Turnkey Construction Tenders. Initiated by the Ministry
of Construction of the Russian Federation. This technology involves
combining design, surveys, construction, and equipment supply
into a single contract. The investment model for state-funded turn-
key projects significantly reduces project implementation timelines
and simplifies the creation of a digital twin, which enables the full
use of information technology benefits [14].

According to the Ministry of Construction of the Russian Fed-
eration, such tenders currently account for 3-5 % of the total num-
ber of projects. However, the use of turnkey construction technolo-
gies reduces the time required to bring a project to operational
status by up to 15 %.

5. Tax Deduction Technology. This technology involves exempt-
ing part of the profit allocated for upgrading fixed assets from taxa-
tion. A final decision, coordinated with the Ministry of Finance
of the Russian Federation and the Federal Tax Service, has not yet
been made. However, in the fall of 2024, the President of the Rus-
sian Federation issued an order to assess the effectiveness
of the tax deduction.

6. Engaging Citizens’ Savings in Various Forms of State Project
Financing. This approach is being considered under the condition
of increasing the guarantee coverage for citizens' funds from
the Deposit Insurance Agency (DIA) up to 2.8 million rubles, provid-
ing tax benefits to individuals, and other incentives. The potential
models for involving citizens’ funds are being developed by the Pro-
ject Finance Factory in collaboration with the Industrial Develop-
ment Fund (IDF).

In the segment of corporate financing for construction projects,
the most in-demand technologies are.

7. Industrial Mortgage Technologies, initiated by the Ministry
of Construction of the Russian Federation. The application of this
technology will enable investments in acquiring industrial assets
[15]. In the near future, the industrial mortgage mechanism will be
extended to new construction, reconstruction, major repairs, or
renovation, with collateral in the form of upgraded industrial real
estate [16]. The size, terms, and conditions of loans are expected
to be adjusted based on specific needs (currently, discussions are
underway to extend loan terms to 10 years, increase loan amounts
up to 1.5 billion rubles, and reduce mortgage interest rates from 7
to 3 % per annum).

8. Infrastructure Mortgage Technologies are aimed at increas-
ing investment activity, primarily in the modernization, new con-
struction, and reconstruction of transport infrastructure. The Minis-
try of Economic Development of the Russian Federation, as
the initiator of this initiative, has proposed a mechanism for provid-
ing capital grants to private partners. The accumulation of funds will
be carried out through bond loans secured by state guarantees. To
enhance the attractiveness of infrastructure mortgages, tax incen-
tives are expected to be introduced.

This investment technology is intended for construction projects
that lack commercial investment appeal, as well as for projects that
cannot be implemented using concession-based models. Thus,
the scope of its application has been outlined, and detailed develop-
ment of this technology has begun.

9. Mixed Financing Technologies are based on investment
mechanisms that align the economic interests of the state and pri-
vate businesses. The primary type of these technologies is public-
private partnership (PPP) technologies [17]. As a form of public-
private collaboration, PPP is built on long-term cooperation be-
tween the government (the public partner) and businesses [18].
Private companies participate in the creation and operation of cap-
ital construction projects at all stages of their lifecycle, fully or par-
tially financing construction processes while assuming risks related
to cost increases, quality loss, maintenance, and other factors. Cur-
rently, there is an active search for the most effective practices. It is
particularly important to highlight the role of PPP in ensuring tech-
nological sovereignty [19]. Specifically, offset contracting technolo-
gies are gaining traction, featuring state-guaranteed procurement
of products from newly established manufacturing facilities,
the construction of which is financed by private companies [20].

10. Investment technologies in the housing market are classi-
fied based on the nature of investments and the type of partnership
interaction into the following categories:

e technologies of self-financing, referring to the construction

of individual housing units using personal funds;

e mortgage and tranche-based lending for both completed
and under-construction housing;

e equity financing and shared participation, involving collective
investments in housing construction. In the first case, banks
participate, transitioning towards project financing, while
in the second case, previously discussed bond-based mech-
anisms are utilized;

e investment-based replacement of housing stock under
the renovation program.

11. Shared investment technologies in construction projects are
based on the accumulation of funds from multiple investors into
a specially created fund for the purpose of investing in various
types of assets (in this case, real estate). The law* provides for three
types of funds: open-end, interval, and closed-end, depending
on the nature of share purchase and sale transactions. The closed-
end investment fund type is most successfully applied in the crea-
tion and subsequent leasing of real estate properties. In practice,
shared investment technologies are rarely used and are primarily
applied in the construction of income-generating real estate within
the small and medium-sized business segments. Their potential
for scaling is seen in the use of various share insurance models.
The likely initiators of the development of these technologies will be
regional authorities.

12. Crowd technologies are distributed lending technologies
that address the challenges of financing micro-projects by creating
a mechanism for accumulating and efficiently investing private
funds. Global practice has demonstrated the effectiveness of dis-
tributed lending technologies in several forms:

e crowdsourcing, which involves engaging a broad audience

to solve a specific problem on a voluntary basis;

e crowdfunding, a form of public financing that pools resourc-
es to support the efforts of project initiators;

e crowdinvesting, a tool for attracting capital to startups
and other ventures.

This type of investment technology is widely used in the United

States, the United Kingdom, and other countries. Its potential
in Russia has yet to be fully realized.

4 On Investment Funds : Federal Law from 29.11.2001 No. 156-FZ (latest edition). URL: https://www.consultant.ru/document/cons_doc_LAW_34237/



HenBvX1MMOCTb: 9KOHOMUKA, ynpaBneHne

MexayHaponHbI Hay4YHO-TEXHUYECKUIA XXypHan

0®ULMANBbHDIA PASAEN

RESULTS AND DISCUSSION

The challenges of shaping the modern investment landscape
are currently being actively discussed across nearly all expert plat-
forms [21]. Among the key technological shortcomings, the follow-
ing are noted:

e the lack of high-quality project documentation, which pre-
vents an accurate assessment of prospective investment vol-
umes;

e the need to revise the risk assessment model for new pro-
jects, shifting towards a portfolio-based risk evaluation ap-
proach;

e the absence of digital regulations for new investment tech-
nologies;

e an insufficient share of turnkey contracts. It is expected that
the share of such contracts should reach 20 % within the next
two years;

e a slowdown in the adoption of industrial renovation technolo-
gies, among others.

Let us emphasize the most acute discussion problems. For re-
gions with abandoned industrial facilities in emergency condition,
the opportunity to prepare sites for further development without ad-
ditional costs is virtually nonexistent. According to the Chamber
of Commerce and Industry of the Russian Federation (CCI RF),
there are currently around 20,000 enterprises in Russia that were
commissioned 50 to 90 years ago®. These have become toxic as-
sets. Even when maintained in operational condition, business enti-
ties effectively lose resources for development. The solution to this
situation appears to lie in clearing industrial sites and combining
industrial renovation with industrial mortgages. The total volume
of industrial mortgages is expected to cover up to 10 % of the in-
vestment needs for industrial real estate. Moreover, the construction
of new production facilities using industrial mortgage technology is
projected to reduce the time to reach full operational capacity from
two years to just six months. In this scenario, a significant increase
in investment activity within the mid-sized business segment can
be expected. This is supported by expert evaluations from the CCI
RF, which estimate the potential for a fivefold increase in industrial
mortgage volumes within the current year.

Regarding the public-private partnership (PPP) technologies
in demand for urban development, it should be noted that conces-
sion and PPP legislation® has regulated the technologies of con-
cession agreements, as well as agreements on public-private
partnerships and municipal-private partnerships. Over six years,
amendments to the existing PPP law have been developed. These
amendments addressed not only the shortcomings identified
in the use of agreements but also regulated the relationships be-
tween parties, eliminated excessive requirements (for example,
the regulatory timeframe for land allocation was removed), intro-
duced electronic tender procedures, simplified the process
of modifying existing concession agreements, allowed for the in-
clusion of so-called special circumstances in concessions
and PPP agreements, adjusted certain essential terms of agree-
ments, and more. Most of these amendments took effect

on October 1, 2023, while some changes have been in force since
January 1, 2024.

The development of investment technologies in partnership
and concession-based formats, which have a regulated and multi-
format structure, is linked to the procedures and capabilities pro-
vided by the “ROSINFRA"" information platform. The platform has
become a fully functional tool for implementing long-term infrastruc-
ture projects, as evidenced by the volume of investments that
reached financial closure. Last year, this amounted to 702.7 billion
rubles. More than 4,000 projects were implemented, the majority
of which were concession-based projects in the municipal and en-
ergy infrastructure sectors.

Regarding the improvement of offset contracting technologies,
several conditions have been modified:

e first, multiple federal subjects are now allowed to participate

in an offset contract;

e second, the minimum transaction amount has been reduced

from 1 billion rubles to 100 million rubles;

e third, small and medium-sized enterprises are now permitted

to participate.

The optimism of expert expectations will be confirmed in prac-
tice. Over the next two years, approximately 20 offset contracts are
expected to be concluded.

The relaunch of special investment contract technologies is
linked to a change in the authorized organization, which is now
the state corporation VEB.RF®. Currently, 75 applications are under
review for projects with a total value exceeding 1.5 trillion rubles.
Essentially, these involve the construction of new factories, such as
a methanol production plant in the Volgograd region, valued
at 74 billion rubles. Notably, due to the withdrawal of Western inves-
tors, provisions have been made for adjusting contract terms as
needed.

The Ministry of Construction of the Russian Federation is plac-
ing particular emphasis on the implementation of self-financing
technologies for individual housing construction. Currently, this sec-
tor faces challenges in ensuring adequate quality, safety, and li-
quidity of properties. Given the growing demand, surveys indicate
that one in four households plans to build an individual residential
home, and there is an increasing need for long-term systemic solu-
tions leveraging the potential of information technologies.

CONCLUSION

We note an actively emerging trend towards the use of mixed
finance technologies that can flexibly complement the existing in-
vestment landscape of urban development. Their development will
require comprehensive measures to support project initiatives
of various types. At the same time, regardless of the scale of pro-
jects, they should be included in the priorities of the city's strategic
development. The development and implementation of regional in-
vestment standards is also becoming obviously necessary. All this
creates the basis for the full-scale use of information modelling
technologies and the creation of digital twins of projects, allowing
not only to streamline and synchronize partnership interaction, ac-
celerate the investment cycle, but also to increase the economic
efficiency of the entire set of urban development projects.

5 The mechanism of commercial mortgage for construction and modernization of production will work in the Russian Federation in April. URL: https://tass.ru/ekonomika/17398999

6 On Public-Private Partnership, Municipal-Private Partnership in the Russian Federation and Amendments to Certain Legislative Acts of the Russian Federation : Federal Law from
13.07.2015 No. 224-FZ (latest edition). URL: https://www.consultant.ru/document/cons_doc_LAW_182660/

7 Rosinfra. Analytical materials. URL: https://rosinfra.ru/library

8 Factory of project financing. URL: https://xn--90ab5f.xn--p
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HoBbI MHBECTULIMOHHbIW NnaHawadT
ropoAcKoro pasBuTus

Co3paHne ceTeBOW CTPYKTYpbl CTpatervi pa3BuTus B Mac-
wtabe CTpaHbl C COOTBETCTBYIOLLMM MPOEKTHLIM HarosHEHWEM
6e3anbTepHaTUBHO NOTPe6bYeT U3MEHEHUSI MHBECTULMOHHOIO
nangwadrta. Ero KynsTyponorvyeckas v 06LLeCTBEHHO-MOMUTU-
Yyeckas TPaKTOBKa MO3BOMSET paccMaTpuBaTh €ro Kak CTpyk-
TYPUPOBaHHYIO COO6pPa3HO COCTaBy MPOEKTHOro noprdens
pasBUTUA COBOKYMHOCTb MHBECTULIMOHHBIX TexHonoruin. CtpaTte-
rmyeckas Leslb Co3faHns HOBOrO MHBECTULIMOHHOMO Nnanawadra
B KOHTEKCTE rOpOACKOro pas3BmnTus 3aksoyaeTcs B 06ecneyeHnum
Heo6Xx04MMOro 1 [OCTaToO4HOro, a Takxe coanaHCpoBaHHOMO
o6bema hrHaHCUPOBaHUS MPOEKTHOrO NOpTdEns, obecneymBa-
IOLLIErO YCKOPEHHBIN BbIXO HA TPAEKTOPMIO CAMOAOCTATOYHOrO
YCTONYMBOrO MHHOBALMOHHOIO rOPOACKOro pas3BuTUSi B eAUHOM
NPOCTPaHCTBE COBPEMeHHoI Poccuu.

AHanM3 COBPEMEHHOIr0 MHBECTULIMOHHOIO NaHAwadTa ropoa-
CKOro pasBuTUA nokasasn: AOMWUHUPOBAHME TEXHOMOIMIA OCBO-
€eHMA rocyfapCTBEHHbIX KanuTasnbHbIX BIIOXEHWI; nMocneno-
BaTEeNbHO pacluupsolleecs yqyactne VMIHCTUTYTOB pasBuTus,
KacatoLieecsi co3faHus U UCNnosb30BaHNA POHOOBbLIX TEXHOSO-
TUiA; BO3BPAT Ha HOBOW TEXHOMOrMYECKOM OCHOBE K MexaHU3Mam
roCcyfapCTBEHHO-HaCTHOMO NapTHEpPCTBa, NaeBbiM TEXHOMOTUSM
1 [p.; BOSHUKHOBEHWE TEXHONOMMIn MUKPOMHAHCUPOBAHUS; UC-
nosib30BaHMe TEXHOMOMMii MHPOPMaLMOHHOrO MOLENMPOBaHUS
BCEX COCTaBIALLMX MHBECTULMOHHOMO NaHawadgTa 1 op.

Llenu ropofckoro passuTtusi npegonpenenstoT He06Xo0AMMOCTb
(hOpPMUPOBAHUS NPOEKTHOrO MOPTEENs, BKOYAOLWEro Kak
KpyrnHoMacLUTabHble 0TpacneBble/MeXoTpacneBble, permoHarb-
Hble/MeXpernoHasnbHble, a TakxXe MexXAyHapoaHble NPOeKThbl,
TakK W NloKasnbHble MPOEKTbI pa3nu4yHoro Tuna. CooTBETCTBEHHO
VNHBECTULUMOHHBIA NaHAWagT JOSKEH UMETb BO3MOXHOCTb MO-
KpbITUA NMHBECTULIMOHHBbIMWU pecypcamMmn BCEro npoeKTHOro npo-
cTpaHcTBa. O6CyXaeHe NepcrneKkTMB pa3BUTUA MHBECTULNMOH-
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11. Andrianova Yu.V. Project financing of investment projects in mod-
ern economic conditions. Innovations and Investments. 2024; 1:27-31.
EDN SULLTD. (rus.).

12. Vakulenko 1.1. State Fund for Industry Development as a Partici-
pant of the Industrial Policy of the Russian Federation. Innovations.
Science. Education. 2021; 34:1514-1519. EDN JHVRGH. (rus.).

13. Prokhorov V.M., Kotkova O., Savchenko E. Analysis of the activ-
ity of the logistics park of universal purpose “Brownfield”. Logistics.
2021; 5(174):12-18. (rus.).

14. Surimova V.A., Skorodumova E.A. Creation and integration
of the digital twin. Science-intensive technologies in space research
of the Earth. 2022; 14(4):54-64. DOI: 10.36724/2409-5419-2022-14-
4-54-64. EDN JFMITC. (rus.).

15. Prigozhev D.I., Volgin V.V. Industrial mortgage: development
prospects. Real Estate: economy, management. 2023; S3:143-146.
EDN STFVNE. (rus.).

16. Myasnyankina O.V., Zaitsev A.A. Industrial mortgage as a new
opportunity to accelerate neo-industrialization in Russia. Izvestiya St.
Petersburg State Economic University. 2023; 4(142):61-66. (rus.).
17. Dementiev N.P. Mutual funds in modern Russia: a critical analy-
sis. EKO. 2020; 11(557):62-82. DOI: 10.30680/EC0O0131-7652-2020-
11-62-82 (rus.).

18. Grassi E. Public private partnerships in the EU: widespread short-
comings and limited benefits. Special report. 2018; 9:16.

19. Medvedeva N.V. Format of public-private partnership in ensuring
technological sovereignty. Journal of Monetary Economics and Man-
agement. 2024, 2:178-183. DOI: 10.26118/2782-4586.2024.61.33.025
(rus.).

20. Boychuk A.V. Factor analysis of the realization of offset contracts
in Russia, Progressive Economics. 2024; 8:7-18. DOI: 10.54861/
27131211_2024_8_7 (rus.).

21. Chirikhin S.N. Key problems of forming a favourable investment
climate in Russia. Development of territories. 2020; 1(19):23-29.
DOI: 10.32324/2412-8945-2020-1-23-29 (rus).

NEHHOW peHoBaLmK, NO3BoNsOLLIME 0CBOOOANTL FOPOACKOE Mpo-
CTPaHCTBO OT aBapuiiHbIX MPOMBILLNEHHbIX 06BLEKTOB, a TaKXe
TEXHOJIOMUM NMPOMBILLIIEHHON UMNOTEKM, OTKPbIBAIOLLME BO3MOX-
HOCTb KpPeAWTOBaHWS Mof 3arnor 06HOBSEMO HEABMXUMOCTH
MPOMBILLMIEHHOrO TUNa. TakXe BbISBMEH NOTEHLMAN TEXHOMNOTNiA
MUKPOUHAHCMPOBaHWSA, He TpebytoLmnx 6100KEeTHOM noaaep-
XKN “ MaCUJTaﬁl/IpyeMbIX C ncnosnb3oBaHMeEM noTeHuynana nH-
HOopMaLNOHHBIX TEXHONOMMI.

PestoMupys pesynsTaTbl UCCIef0BaHWs MHBECTULIMOHHOMO JaH-
JwadTa, 0TMETUM, YTO B KOHTEKCTE FOPOACKOro pasBuTUs Tpe-
6yloT OanbHenwero pa3BuUTUA Takne TEXHONIOTUW, Kak rocy-
[apCTBEHHO-4AaCTHOE MapTHEPCTBO, B OCOGEHHOCTU B LIeNsAX
MOLEPHMU3ALMMN XKUIULLHO-KOMMYHaNbHON UH(PACTPYKTYpPbI,
naeBble TEXHONOMMM NMPUMEHUTENBHO K CO3AAHUI0 Y MOLEPHM-
3aUMKn HEABWXUMOCTY KOMMEPYECKOro Ha3Ha4YeHusl, TEXHOMNOrMm
MPOMBILLIIEHHOV PEHOBALMM, @ TAKXE MUKPO(MHaHCUPOBaHWE
no BCEMY CMEKTPY co3haHus KOM(OPTHOWM roOpoAcKor cpefbi.

Knro4eBble cnoBa: cTpaternsi ropofcKoro passutusi, MHBECTU-
LMOHHBIV NTaHALAT, MPOEKTHBLIV OPTesb, MIHBECTULNOHHbIE
TEXHOJI0rMn, MHEOPMaLIMOHHbIE TEXHOTOMMU
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Urban planning policy in the context
of levelling spatial heterogeneity
in the development of Russian regions

The paper deals with the problem of spatial heterogeneity of development of the regions of the Russian Federa-
tion and the role of urban planning policy in balancing the dynamics of socio-economic development of the coun-
try’s territories. It is revealed that main factors contributing to imbalances in socio-economic development of ter-
ritories are disproportions in distribution of funds and human capital which are the most important economic
resources. The author claims that urban planning policy, which provides a high-quality living environment, plays
a crucial role in increasing the attractiveness of the territory in terms of attracting investment and human resourc-
es. The author analyzes several provisions of the new Spatial Development Strategy of Russia and concludes
that these provisions may further increase spatial inequality of the regions’ development.

Keywords: spatial heterogeneity, distribution of investments and human capital, urban planning policy, urban

development policy, spatial development strategy

INTRODUCTION

The issues of spatial development heterogene-
ity are typical for all macro-territorial states includ-
ing Russia. Heterogeneity of spatial socio-econom-
ic development is primarily caused by imbalances
in distribution and consumption of economic re-
sources. In economic theory, studies of the notion
‘economic area” have been carried out since
the beginning of the 20th century. A detailed retro-
spective analysis of these studies is presented
in the works of K.S. Goncharova & G. Shelomentsev
(2022) [1], and N.V. Zubarevich & S.G. Safronov
(2024) [2]. However, extensive research of spatial
economic development heterogeneity began to be
carried out only in the second half of the 20th cen-
tury when the problems of socio-economic inequal-
ity started worsening worldwide. The issue of spa-
tial development heterogeneity can be considered
in three domains:

1. Global — cross-country distribution of eco-
nomic resources.

2. National — interregional distribution of eco-
nomic resources.

3. Regional — territorial distribution of econom-
ic resources between settlements.

This article deals with the problem of spatial de-
velopment heterogeneity of the Russian Federation
which manifests itself in heterogeneity of socio-eco-
nomic development of the country’s regions. Analy-
sis of various aspects of this problem is given
in the works of many Russian scientists including
0O.V. Artemova & A.N. Savchenko [3], A.N. Bufetova
[4], N.V. Zubarevich [2, 5], E.A. Kolomak [6],
V.Yu. Maslikhina [7], P.A. Minakir [8], T.P. Skufina,
[9], S.G. Safronov [2] et al.

The author believes that major economic re-
sources that determine the level of development
of a particular region are financial capital and hu-
man capital. At the same time, distribution of these
resources is considerably pre-determined by

the development level of a particular territory.
The research conducted by P. Mourao, A. Popescu
[10] contains the results of an in-depth bibliograph-
ic analysis of various authors’ works of theoretical
and empirical studies of causal connection be-
tween investment, economic growth and competi-
tiveness of a national economy. These studies ex-
tend the classic theory of the role of investment as
a multiplier-accelerator of economic growth
and prove that the relationship between investment,
economic growth and national competitiveness is
complex and multi-faceted. Apart from that, almost
all studies show that there is a reciprocal impact
of investment on economic growth, which means
that investments act as a multiplier and accelerator
of economic growth and an increased national
competitiveness, but economic growth generates
new investments at the same time.

In our opinion, the theory of economic growth
can be supplemented by the inclusion of human
capital as an accelerator which is the main econom-
ic resource at the present time. Not only is human
capital the recipient of funds invested into its forma-
tion, but also the attractor of new investments into
healthcare, education, culture, housing, and infra-
structure which are ultimately the drivers of further
economic development.

The higher the level of economic development
of a country, region, and municipal education is,
the greater the generation of economic resources
that are further reinvested in the economy of a terri-
tory can be, the higher its investment attractiveness
and competitiveness in commodity markets, primar-
ily in the markets of investment and human capital,
will become.

DATA AND METHODS

An excellent illustration of the issue of spatial
heterogeneity in the development of the Russian
Federation is the map of distribution of Russian
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Fig. 1. Results of Urban Environment Quality Index calculation (the range index values increase from dark blue to light green)’

cities by value of Urban Environment Quality Index (Fig. 1).
The above-mentioned map clearly depicts intense concentration
of cities in the European part of the country in terms of quantity
and better quality of urban environment.

Significance of the urban environment as the most important
factor in attracting human capital and its spatial distribution is con-
firmed by widespread development of the following urban planning
concepts: “Livable City”, “City for People”, “Smart City”, and numer-
ous city ratings such as: ESG-rating?, Rating of Sustainable Devel-
opment of Russian Cities, Index of Development of Russian Cities’
Public Infrastructure, etc.®

According to surveys (Roscongress, 2024)*, not all citizens are
satisfied with the level of modern urban development. While 87 %
of Moscow and St. Petersburg residents are content with urban en-
vironment in their cities, only 60 % are satisfied with this aspect
in cities with populations under 100,000.

Meanwhile, the level of urban development of territories which
determines the quality of the human environment is one of the most
important factors in attraction of human capital into the territory
and human capital’s spatial distribution, which, in turn, is the main
factor of accumulating investment and economic growth (Fig. 2).

The research carried out by the author using the method of multi-
dimensional statistical analysis confirmed serious spatial disparities
in distribution of investment and human capital across Russian regions
and the role of urban development in this process [11]. For example,
analysis of demographic dynamics in Russian regions showed that
within the period between 2000-2023 the Volga Federal District lost
9.5 % of its population, the Siberian Federal District — 8.9 %,

and the Far Eastern Federal District — 13.2 % (calculated by the au-
thor according to Rosstat data®). Simultaneously, the analysis of the dy-
namics and structure of investments showed that in 2023 the volume
of investments in the Central Federal District amounted to 33 %
of the total amount of investments in the Russian Federation. What is
more, the difference between the maximum and the minimum amounts
in the regional investments into fixed assets was 537 times — from
7,154 billion rubles in Moscow to 13 billion rubles in the Republic
of Kalmykia (calculated by the author according to Rosstat data®).

The level of urban
development
of the territory

N

Quality of the living \

Investment environment

T
The level
of socio-economic development
of the territory

Attractiveness of the territ(h
for human capital

Movement
and capital return
of human capital

Fig. 2. Reciprocal influence of urban development level on the at-
tractiveness of the territory for human capital and financial capital
(Source: compiled by the author)

1 The Urban Environment Quality Index is a tool to assess the quality of a city’s material environment and the conditions in which it is created. URL: https:/xn----dtbcccdtsypabxk.xn--p1ai/#/

2 ESG-assessment of the development of Russian cities: new conditions — new challenges for territories. Expert. Rating Agency. URL: https://raexpert.ru/docbank/943/216/
da5/96383c6a235518f8c09d79c.pdf (rus.).

3 Brief information about the ratings of sustainable development of cities and regions of the Russian Federation. URL: https://irsup.hse.ru/ratingsinfo?ysclid=m7uasnk4qi395202471 (rus.).

4 The trajectory of Russia's economic growth, Rosscongress. URL: https://roscongress.org/en/materials/traektoriya-ekonomicheskogo-razvitiya-rossi (rus.).

5 The population of the subjects of the Russian Federation as of January 1. Demographic Yearbook of Russia 2023, Rosstat. URL: torage/mediabank/Pril_Demogr_ejegod-

nik_2023.xls (rus.).

6 Investments in fixed assets by regions of the Russian Federation. Rosstat, 2024. URL: torage/mediabank/invest_sub.xlsx (rus.).
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DISCUSSION

Spatial heterogeneity in distribution of funds and human capital
across Russia is not only of socio-economic significance, but also
of geopolitical importance: lack of investment and loss of human
capital inevitably led to a recession in economy, gradual degrada-
tion of territories, social unrest and increased migration of people
from underdeveloped territories to developed economic regions
of the country.

Formation of a balanced system of spatial development
of the country aiming to achieve national goals, improvement of ter-
ritorial economic conditions as part of the national economy, meas-
ured placement of production and population are the most impor-
tant tasks of the state economic policy at this time.

The report* considers main factors determining the trajectory
of Russia’s economic development. The authors of this document
draw attention to the fact that “there is a need to reconsider tradi-
tional approaches to the spatial development of territories. New ap-
proaches must be based on polycentric development models, bal-
anced regional growth, and stimulating investment attractiveness not
only in major megacities but also in smaller towns and rural areas”.

In order to form a new model of regional development, the new
Spatial Development Strategy of Russia has been adopted’.

The strategy is designed to reconcile the priorities of spatial
and industrial development in order to ensure a balanced spatial
development of the state economy (Fig. 3). Despite the relevance
and significance of the new document, it should be mentioned that
it does not say anything about how the new urban planning policy
should be put into practice in terms of levelling the spatial develop-
ment of the country. In addition, Strategy contains provisions that
in our opinion will further aggravate the uneven spatial develop-
ment. In particular, the following aspects of Strategy:

e ensuring infrastructural development based on economic ef-

ficiency indicators which means making a decision

National
Development Goals

Limitations:

budget constraints;

staff shortage;
infrastructure constraints;
highlevel of inflation

Spatial
Development
Strategy of Russia

Challenges:
* sanctions pressure;
* geopolitical realities

Industry

Regional o
development priorities

development priorities

Technological
sovereignty

Scientific

Development
of geostrategic
territories

Developm
of anchor
settlements

and technological
leadership

Fig. 3. Challenges, Limitations and Priorities of Russia’s Spatial
Development Strategy (Source: compiled by the author)

on implementation of a project based on assessment of so-
cio-economic effects of the project and prioritizing projects
based on this assessment. It is obvious that any development
project will have a greater efficiency when implemented
in a large agglomeration with a large population and high in-
comes. This means that infrastructure projects will continue
to be implemented in regions with a high level of socio-eco-
nomic development;

increasing the level of independence of territories in solving
issues of socio-economic development because of growth
of their own incomes and measured policy in the field of inter-
budgetary relations. This means that the issues of socio-eco-
nomic growth in limited-budget territories will not be solved
due to budget constraints. It is obvious that this will primarily
affect urban planning policy.

Urban planning policy is the prerogative of local authorities. De-
velopment of territorial planning documents, as well as develop-
ment of norms for urban planning regulation require considerable
financing. In addition, implementation of investment projects within
the framework of government programs and national projects often
requires co-financing using local budgets, while participating
in such programs presupposes pre-emptive financing from local
budgets of pre-investment feasibility studies and project designs.
They all require significant financial expenditure on the part of local
authorities. Meanwhile, the total amount of local budget revenues
in 2023 amounted to 7,136.9 billion rubles which is only 26 %
in the budget system of the Russian Federation. At the same time,
budget transfers amount to 4,811.0 billion rubles within local budg-
ets®. Only 13 % of local budgets is spent on economic development
as the major part of budget funds is invested into education
and housing and utility services.

CONCLUSION

Levelling spatial development heterogeneity of the Russian ter-
ritory is crucial for socio-economic and geopolitical situation. Urban
planning policy plays a crucial role in formation of a balanced sys-
tem of spatial development of the country designed to ensure im-
provement of territorial organization of the national economy, place-
ment of production and infrastructure facilities. Urban planning
regulation needs to be the main tool of implementing schemes
of production facilities’ placement, comprehensive programs
of the development of transport, utility, and social infrastructure.

Urban planning regulation needs to ensure achievement
of the most important national development goal — creating a com-
fortable and safe environment for life, and thus contribute
to the achievement of other national goals — preserving the popu-
lation and improving people’s well-being, realizing the potential
of each person.

The most important area of urban planning regulation is to be
spatial levelling in distribution of funds through tools to support ur-
ban development activities in low-budget regions, to stimulate
transfer of new investment projects to regions with an evident ten-
dency to depopulation, and to support development projects in an-
chor settlements.

7 The Spatial Development Strategy of the Russian Federation for the period up to 2030 with a forecast up to 2036. Approved by Government Decree No. 4146-r of dated Decem-

ber 28, 2024. URL: http:/government.ru/docs/53917/ (rus.).

8 The results of monitoring the execution of local budgets and inter-budgetary relations in the subjects of the Russian Federation at the regional and municipal levels for 2023. URL:

https://minfin.gov.ru/common/upload/library/2024/06/main/Rezultaty_monitoringa_2024.pdf
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FpapocTpouTenbHas NOJIMTUKA B KOHTEKCTE
BblpaBHUBaHWUA NPOCTPAHCTBEHHOWU
HEeOAHOPOAHOCTU Pa3BUTUA PErMOHOB
Poccumn

B ctatbe paccmartpuBaeTcs npob6rnemMa npocTpaHCTBEHHOMW He-
OAHOPOOHOCTU pa3BuTua permoHoB Poccunckon depgepaumm
1 pOfib rpagoCcTPOUTENIbHOM NOSIMTUKM B BblpaBHUBAHUW OUHA-
MUKUK COLManbHO-3KOHOMMYECKOro pa3BuTua PermoHoB ctpa-
Hbl. [Moka3aHo, YTO OCHOBHbIMU (haKTOpamMu HEPABEHCTBA B CO-
LManbHO-3KOHOMUYECKOM pas3BUTUM TEPPUTOPUN ABNSAIOTCSA
Oncnponopumy B pacnpefeneHnn MHBECTULMOHHOIO U Yeso-
BEYECKOro Kanutana Kak BaXXHEeNLUNX 3KOHOMUYECKUX pecyp-
COB. BblgBUHYTO MOJSIOXEHME O TOM, YTO rPafOCTPOUTENbHASA
nosinTuKa, obecrneymBaroLlas Ka4eCTBEHHYIO Cpeay XusHeges-
TENbHOCTU YEN0BEKA, UrpaeT BaXXHENLLYIO POSib B NMOBbILLUEHUN
npuBneKaTebHOCTN TEPPUTOPUN ANS MHBECTULMOHHOIO 1 Yesno-
BEYECKOro kanurana. AHanu3unpyrTcs OTAEeNbHbIE MONOXKEHNSA
HoBol CTpaTteruv npocTpaHCTBEHHOrO pa3sutusa Poccun n ge-
narTcs BbIBOAbI, YTO 3TW MOMOXEHUS MOTYT YCUNUTb MPOCTPaH-
CTBEHHOE HEPABEHCTBO B Pa3BUTUN PETVUOHOB.

Knrouesbie cnoBa: rnpocTpaHCcTBeHHas Heo4gHopo4HOCTh, pac-
rnpegesieHne WHBECTULMV W HEJI0BEYEeCKOro Kanurasna, rpago-
CTpouTesibHas MNnoJsinTuka, cTparervs rnpocTpaHCTBEHHOro pas-
BUTUA
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Organizational and economic mechanism
for the implementation of complex contractual
support for industrial construction projects

Development of the Russian economy is currently taking place in an ever-changing external environment and un-
certainty related to both global economic trends and the sanctions policy against Russia. The requirement
for sustainable economic growth in such conditions is provided, among other things, by industrial construction,
which creates fixed assets and carries out their reconstruction, expansion and modernization to create condi-
tions for expanded reproduction and increased competitiveness in industry and infrastructural support for indus-
try, in the energy sector, in the field of information and communications, in the field of engineering infrastructure.
Modern forms of implementation of highly efficient and effective industrial construction are based on the practice
of construction engineering, which is applied at all stages of the life cycle (LC) of investment and construction
projects (ICP). An analysis of the current state of the investment and construction activity (ICA) market in the field
of industrial construction reveals the imperfection of existing contract support methods at various stages of LC
of ICP for industrial construction and insufficient integration of the required adequate forms of engineering under
the guidance of a single integrated contractor, which often leads to a delay in the commissioning of capital con-
struction facilities, additional costs incurred by investors and replacement of contractors during the implementa-
tion of ICP, followed by judicial resolution of financial disputes between contractors and customers. In addition,
the modern competitive environment requires the commissioning of facilities with innovative and effective char-
acteristics that can be provided by an integrated engineering approach that takes into account the relationship
between the technological and organizational and managerial environment at all stages of LC of an industrial
construction facility that is developing in time and space. Thus, the current problems of the current state of ICA
in the field of industrial construction highlights the need to develop the principles of an integrated engineering ap-
proach in relation to industrial construction and to develop on their basis an organizational and economic mech-
anism for the implementation of integrated contractual support for industrial construction projects that increase
the economic efficiency and effectiveness of integrated construction contracts (ICC).

Keywords: complex construction contracts, industrial construction, construction engineering, principles of the en-
gineering approach, organizational and economic mechanism

INTRODUCTION industrial construction within the framework of ex-
panded reproduction.

An analysis of implemented ICP in industrial
construction shows that the commissioning of in-
dustrial construction facilities is associated with
high risks of delayed commissioning [1-3], exceed-
ing the cost of construction [4, 5], and changing
contractors [6-8] during the implementation of ICP.
This problem is associated with long project imple-
mentation times and financing intensity [9], high la-
bour intensity and staff qualifications, a high pro-
portion of complex and large-sized technological
equipment requiring specialized forms of delivery

The development of any modern economy is
based on material production, energy and engineer-
ing infrastructure, ensuring its normal functioning
and sustainable growth. Since 2019, there has been
an increase in the obsolescence of fixed assets
(2019 — 37.8 %, 2020 — 39 %, 2021 and 2022 —
40.5 %, 2023 — 41.2 %)', which require reconstruc-
tion, while the trend of economic production also
shows steady growth?, which indicates an increasing
burden on aging fixed assets that need to be recon-
structed or decommissioned in the coming years,
replacing them with new ones. The assessment

of the main factors limiting the growth of production
reveals the uncertainty of the economic situation as
the main one (31-61 % of the total number of factors
for the main types of economic activity in industry).
At the same time, the requirements of economic de-
velopment determine the need to ensure the growth
and expansion of industrial enterprises, their infra-
structure, including electricity and heat, information
and communications, engineering infrastructure, in-
cluding residential areas for social and environmental
stability. All this is mainly provided by sustainable

to the construction site, highly professional installa-
tion and commissioning supervision, the need
to adapt unified organizational, technological
and managerial approaches to the unique charac-
teristics of an industrial construction facility,
the need to take into account a large number of reg-
ulatory and legislative acts, compliance with re-
quirements in the field of environmental and indus-
trial safety, industrial production technologies
and technological processes, sanitary and envi-
ronmental standards, duration and complexity

1 Fixed assets and other non-financial assets. Data from Rosstat: rosstat.gov.ru/folder/14304. (rus.).
2 Industrial production in Russia. 2023: Stat. sat. Rosstat. Moscow, 2023; 13-29. (rus.).
3 Industrial production in Russia. 2023: Stat. sat. Rosstat. Moscow, 2023; 43. (rus.).
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of commissioning, and training requirements for operational per-
sonnel.

Since an industrial facility is unique in terms of its combination
of technical, technological, layout, structural, organizational, environ-
mental and other characteristics (this conclusion can be drawn from
a number of works in the field of industrial construction [10-13]),
its construction requires unique competencies and experience,
which are provided by integrated construction engineering.

The resolution of contradictions between the uniqueness
of an industrial construction facility, which must be commissioned
within the planned time frame, with the required characteristics
and qualifications of performers implementing of ICP at various LC
stages should be resolved both at the stage of preparing the selec-
tion of a qualified contractor and forms of interaction between pro-
ject participants, and at the stage of direct implementation of con-
struction contracts through the use of integrated construction
engineering based on the principles of developed for industrial
construction, This means that contractual support is an important
tool for highly efficient and effective ICP implementation. The devel-
opment of the principles of the engineering approach in relation
to industrial construction makes it possible to solve the scientific

problem of modeling the organizational and economic mechanisms
of contract support for industrial construction.

SCIENTIFIC AND METHODOLOGICAL PRINCIPLES

OF ORGANIZATIONAL AND ECONOMIC MODELING

OF CONTRACT PROVISION AND IMPLEMENTATION
OF ICC IN THE FIELD OF INDUSTRIAL CONSTRUCTION
BASED ON THE ENGINEERING APPROACH

The study revealed the nature [14] and features of contract sup-
port for industrial construction, which determine the feasibility
of developing and implementing an engineering approach that pro-
vides a comprehensive solution to innovative tasks for the construc-
tion of industrial and infrastructural facilities unique in their content,
energy facilities, information and communication facilities, engi-
neering infrastructure facilities, including residential areas.

The analysis of design-oriented engineering models of industrial
construction of technically complex facilities allowed the author
to develop and propose the principles of an engineering approach
in industrial construction (Table 1), the implementation of which
makes it possible to increase the effectiveness of complex construc-
tion contracts and ICP in general at all stages of the LC of facility.

Table 1. Principles of the engineering project-oriented approach in the implementation of ICC in industrial construction

Principles Description

Expression

Specific weight of the positive and negative effects of integration.
Economic effect of integration.

#1/2025

Integration principle

Combining scientific knowledge and experience to solve engineering,
technological, organizational, managerial, supervisory, and produc-
tion tasks to achieve the goals of ICC, the criterion of effectiveness
of which is practical implementation with maximum efficiency

Shorter ICC implementation time.

Improvement of the technical characteristics of the facility.
Increasing the organizational and technological reliability of ICP
implementation.

Speed of managerial decision-making

Goal setting principle

The focus of engineering activities is on achieving project objectives, stra-
tegic corporate and/or government objectives, and stakeholder satisfaction

Percentage of project goals achieved (general, intermediate).
Degree of stakeholder satisfaction

Timeliness principle

Compliance with the current state of scientific and technological pro-
gress, project requirements and deadlines for the implementation of ICC

Dynamics of increasing the speed of decisions made

Controllability principle

Ensuring the manageability and interconnection of all ICC implemen-
tation processes under the supervision of an engineering consultant
(project manager) and a project-oriented office

Degree of controllability (completeness).
Proportion of output managed results.
Percentage of deviations from the set parameters.
Project resilience to external influences

Functionality principle

Compliance of engineering solutions with the specific functions
of the facility and the elements of ICC implementation (specialization
of personnel, technology, processes)

Compliance of engineering solutions with their functional
purpose

Rationality principle

Ensuring a more rational use of project and facility resources, the va-
lidity of the application of engineering methods and forms, the use
of the best means to achieve goals, maximizing the desired result with
limited available resources and funds

Solving optimization problems

Modularity
tion) principle

(formaliza-

Accumulation of standard modules (models, mechanisms, solutions)
for scalability, taking into account adaptation

Dynamics of accumulation of standard modules

Efficiency principle

Provability of a positive result at the stage of protection of an engi-
neering solution and its implementation

The ratio of result to cost in terms of time, cost and quality

Measurability principle

Engineering results are measurable

In natural terms.
In economic indicators (profitability, marginality, labour savings).
Stakeholder satisfaction

Innovation principle

Continuous improvement of products and processes

Risk reduction.

Cost reduction.
Increased efficiency.
Reduction of live labour
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End of the Table 1

Principles Description

Expression

Flexibility principle

tors of ICP implementation

Ensuring adaptability to constantly changing external and internal fac-

Average changeover time of a technological system relative
to the total time of its effective operation (technological flexibility).
Organizational flexibility coefficient.

Cost-effectiveness of increasing the flexibility of the production system.
Proportion of completed change requests and their effectiveness

Customer  orientation

principle

Engineering solutions are aimed at satisfying the customer of the fa-
cility’s products or processes and the ICC stakeholders

Customer satisfaction with the result of engineering solutions
adopted for implementation

Specialization principle

Engineering provides the accumulation of competencies and work ex-
perience in this sector of industrial construction and related sectors

Increase in the proportion of specialists with the required qualifications.
Increase in the share of completed projects in this field, climatic
and geographical conditions.

Increase in the proportion of facilities completed on time without
deviations from the original contract price and with guaranteed
technological performance

Development principle

pand, replace parts, and accumulate information

Accounting for the variability of the system, its ability to develop, ex-

Reflects the interrelationship of all previous principles

Such principles are inextricably linked to project management
and construction engineering, which complement each other.
The developed principles closely correlate with state standards
in the field of construction engineering and project management, in-
cluding the developed principles of ICP management in the field
of industrial construction [15] using integrated contracts such as EPC
(engineering, procurement and construction).

In this regard, the most relevant form of implementation of this ap-
proach in the construction of industrial facilities is EPC contracting

within various boundaries, depending on the needs of the customer,
the construction site and the financial and investment schemes
of the project, which is characterized by an integrated engineering ap-
proach and a project-oriented management paradigm.

Based on the principles and targets for managing the most sig-
nificant factors affecting the criteria of efficiency and effectiveness,
in order to reduce losses and find reserves to ensure the sustaina-
bility of the ICC implementation, the author proposed the following
indicators of ICC LC sustainability (Table 2).

Table 2. ICC LC sustainability indicators

Number ICC LC sustainability indicator Calculation methods
1. According to the mastered volume.
st Degree of deviations from the planned tar- | 2. By deviation from the planned deadlines.
1 gets for the completion of the stages 3. On labour productivity.
4. By generation
Degree of deviations in quality indicators | 1. Proportion of rejected works or returned for revision.
st at the stages of engineering surveys, design, | 2. Percentage of changes in the project documentation due to errors or insufficient research at the survey
2 construction, comprehensive testing, per- | stage.
sonnel training and commissioning 3. Percentage of deviations from the contract price due to unaccounted expenses
st Degree of utilization of the production sys- | 1. Level of proportionality of staff workload depending on the type and complex of work.
s tem 2. Proportion of machines and mechanisms that are idle
) . 1. Percentage of decisions taken by the customer on change requests with deviations from the contractu-
Dynamics of decisions made by the custom- ) )
. al deadlines for responding to change requests.
St, er when requests for changes are received .
(speed of response to changes) 2. Percentage of change requests returned to the contractor for revision.
p p 9 3. Percentage of decisions made by the customer without any requests for changes from the contractor
1. Share of changes in the cost of the stages specified in the supplementary agreements in the contract price.
Sty Dynamics of changes in the cost of stages | 2. Share of the contract price change.
3. Proportion of incomplete development stages during the transition to the next stage
1. CSAT by polling.
st Customer satisfaction level 2. Proportion of complaints from the customer.
6 3. Proportion of escalated issues at a higher level of the hierarchy in the organization.
4. Stakeholders’ satisfaction after achieving the project objectives (intermediate and final)
1. Percentage of deviations from the investment schedule.
St; Investment intensification 2. Proportion of overdue payments to executors and sub-executors.
3. Share of reserves used for the investment of the project
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End of the Table 2

Number ICC LC sustainability indicator Calculation methods
1. Proportion of staff performing related duties on the project.
Sty Dynamics of labour shortage 2. Percentage of work not completed on time due to lack of staff.
3. Deviation of the number of personnel from the planned targets
Proportion of changes in technical solution
oportion o changes In Tec ) o sog 9 s 1. Proportion of critical path changes in the calendar and network schedule.
Sty agreed by the customer affecting the timing ) Lo .
2. Proportion of reserve reductions in non-critical work
and cost
1. Proportion of work suspensions due to technical reasons.
2. Proportion of work suspensions due to violations of occupational safety and industrial safety.
3. Proportion of work suspensions due to weather conditions.
st Proportion of work suspensions affecting | 4. Proportion of work suspensions due to non-delivery of inventory.
10 the timing and cost 5. Proportion of work suspensions due to non-payment.
6. Proportion of work stoppages due to inconsistent flows.
7. Proportion of work suspensions due to social reasons (strike, non-payment of wages, deterioration
of working conditions, etc.)
) ) 1. Percentage of unfulfilled tasks related to the implementation of government concepts, programs, plans,
Degree of compliance with government pro- .
Sty rams orders, and investment programs.
g 2. Percentage of deviations from the planned program indicators
st Share of technical supervision and execu- | 1. Critical weight of the regulations allowing the suspension of work or activity of the enterprise.
12 tive authorities’ complaints 2. Degree of satisfaction of the inspecting and supervisory executive authorities
st Percentage of deviations from the terms | 1. Percentage of deviations from the terms of the contract allowing the termination of the contract.
1 of the contract 2. Percentage of deviations from the terms of the contract allowing the suspension of financing
) 1. Share of replaced sub-executors in the total amount of the contract.
Share of replaced sub-executors in the pro- . ) -
Sty . ) 2. Proportion of sub-executors who received a ban on continuing work.
cess of ICC implementation ) )
3. Proportion of uncoordinated sub-executors by the customer
1. Share of innovations that shorten construction time.
Share of implemented innovations that re- | 2. Share of innovations that reduce the cost of ownership of an object.
Stys duce the time, cost or improve the quality | 3. Share of innovations that increase labour productivity.
of work and the facility itself 4. Share of innovations that increase efficiency.
5. Share of innovations that reduce harmful emissions
Proportion of violations of safety, labour | 1. Proportion of delays in the critical path of the calendar and network schedule due to violations of occu-
Styg protection and industrial safety that led | pational health and safety, industrial safety.
to the suspension of work or fines 2. Proportion of fines and penalties due to violations of occupational health and safety, industrial safety
1. Critical level of fines and penalties preventing the financing of the project by the contractor.
Sty; Share of applied penalties in the cost of ICC ) . .p P g g prol y
2. Proportion of claims against the contractor
Proportion of claims and complaints received | 1. Critical level of claims and complaints that do not allow continued financing of the contractor or sub-executors.
Stig by the general contractor and subcontractors | 2. Critical level of claims and complaints, which does not allow the use of the results of the work.
affecting cost, timing and quality 3. Critical level of claims and complaints, due to the critical failure of deadlines
Proportion of risks that have resulted | 1. Proportion of documented risks that resulted in an increase in value.
Styg in negative changes in the cost, duration, or | 2. Proportion of documented risks that resulted in increased deadlines.
quality of the project 3. Proportion of documented risks that have led to a deterioration in the quality of the facility or work
Percentage of decisions made by the cus- | 1. Percentage of the contractor’s obligations fulfilled by the customer.
Sty tomer for the contractor as part of the fulfill- | 2. Critical level of decisions (technological, organizational, financial) made by the customer on issues
ment of the contractor’s obligations in the contractor’s area of responsibility
Percent f deviations in the delivery tim
st ofeeceui Tﬁ:nﬁi adned r?]a(t)ersials toet(rj]:: cgnitruce 1. Proportion of delivery time deviations that affected the timing of the critical path.
2 tionqsits 2. Proportion of delivery time deviations that affected the intensification of flows
st Proportion of project goals not achieved (in- | 1. Percentage of project goals achieved within the planned time frame.
2 termediate and final) 2. Proportion of intermediate goals achieved that affect the achievement of the final goals of the project
1. Number of calendar and network schedule changes agreed upon by the customer.
2. Number of management decisions made that deviate from the documented deadlines in the project of-
Stys Degree of controllability (completeness) fice protocol.

3. Proportion of unforeseen risks that have occurred.
4. Proportion of risks documented by the customer in the contractor’s documentation area of responsibility
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The mechanism of ICC implementation in industrial construction
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The methodological approach to the formation of the ICC im-
plementation mechanism in industrial construction involves further
formalization of ICC LC sustainability objective function.

ORGANIZATIONAL AND ECONOMIC MECHANISM
FOR THE IMPLEMENTATION OF COMPLEX
CONTRACTUAL SUPPORT FOR INDUSTRIAL
CONSTRUCTION PROJECTS

To implement the developed approaches within the framework
of contract provision and implementation of ICC in industrial con-
struction, a model for choosing optimal contract forms and a mech-
anism for the formation and implementation of ICC has been formal-
ized (Fig.).

At the stage of project initiation using construction engineering
in the early stages of the project (conceptual engineering, invest-
ment and financial engineering and cost engineering), the mecha-
nism includes blocks for collecting information about the planned

construction site, analysis and evaluation to make a decision
on the continuation of the project and the creation of an information
and conceptual framework for contract modeling, the preliminary
location of the facility and the flow chart, collectively representing
the information model of the object. At the stage of requirements
development, an integral ICC LC sustainability indicator is formed,
which is formalized as an appendix to the contract with the evalua-
tion methodology, for controlling during the implementation
and at the end of the project.

In case of deviations from the planned sustainability indicators
during the implementation of the ICC at each of the LC stages,
a search is carried out for causes, reserves, risks, and an assess-
ment of the costs of corrective actions (Table 3).

As part of the study, it is necessary to carry out a calculated ap-
probation of the developed scientific and methodological provisions
for the implementation of the mechanism of integrated contract sup-
port and the implementation of projects in the field of industrial

Table 3. Controlling the indicators of organizational and economic efficiency of ICC in industrial construction

pletion of the stages

Pre- Design/ Procure- Construc-
Number | ICC LC sustainability indicator Corrective actions project | engineering ment/ tion/com-
stage surveys delivery missioning
Degree of deviations from - ) P )
Variability depending on the identified causes: manageri-
St the planned targets for the com- rlabiity cepending centrm v gerl . . . .

al, economic, organizational, psychological response

Degree of deviations in quality in-
dicators at the stages of engineer-
St, ing surveys, design, construction,
comprehensive testing, personnel
training and commissioning

1. Intermediate verification of the results within

the framework of the information model of the facility.
2. Conclusion of an agreement with an independent ex- - . . .
pert organization responsible for regulatory control
of documentation and construction control

1. Hiring additional staff.
Degree of utilization of the pro-

2. Rational allocation of labour resources.

St - . . .
8 duction system 3. Provision of additional machines and mechanisms.
4. Additional unscheduled financing
D ics of decisi de b
ynamics ot cecisions made by 1. Attracting additional resources to analyze change re-
the customer when requests
St, ) quests. . . . .
for changes are received (speed )
2. Staff professional development
of response to changes)
) ) 1. Employing additional personnel for cost analysis.
Dynamics of changes in the cost P y g P y
Sty of stages 2. Analysis of the causes of under-development and man- - . . .
9 agement decision-making
1. Analysis of the causes of dissatisfaction and ranking
Stg Customer satisfaction level according to the degree of impact on the project. . . . .
2. Adjusting project objectives and informing stakeholders
1. Opening of an additional credit line.
2. Financing of sub-executors at the expense of the cus-
St; Investment intensification tomer. - . . .

3. Analysis of reserves for continued financing.
4. Co-financing >
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Continue of the Table 3

contractor and subcontractors
affecting cost, timing and quality

rial, economic, organizational, psychological response

Pre- Design/ Procure- Construc-
Number | ICC LC sustainability indicator Corrective actions project | engineering ment/ tion/com-
stage surveys delivery missioning
1. Creation of an additional structural unit for the search
. and recruitment of personnel.
St Dynamics of labour shortage - . . .
8 y g 2. Retraining and advanced training.
3. Hiring additional sub-executors
Proportion of changes in techni- )
P ) d 1. Analysis of the causes of changes.
cal solutions agreed by the cus- ) ) - .
Sty ) e 2. Ranking of new requirements and rejecting minor ones - . . .
tomer affecting the timing ) .
that do not affect the project objectives
and cost
. ) 1. Analysis of the reasons for the suspension of work.
Proportion of work suspensions - ) o
Sty ) - 2. Variability depending on the identified causes: manage- - . . .
affecting the timing and cost ) . L )
rial, economic, organizational, psychological response
1. Analysis of the compliance of the project objectives
with government programs.
st Degree of compliance with gov- | 2. Analysis of the appropriateness of additional costs
n ernment programs for the implementation of government programs.
3. Analysis of the possibility of implementing government
programs
Share of technical supervision 1. Strengthening internal oversight.
Sty, and executive authorities’ com- | 2. Use of reserves for correcting comments and prescrip- - - - .
plaints tions
- 1. Analysis of the reasons for the suspension of work.
Percentage of deviations from - ) o
Sty, 2. Variability depending on the identified causes: manage- - - - -
the terms of the contract ) ) L .
rial, economic, organizational, psychological response
1. Strengthening control over the coordination of sub-
xecutors.
Share of replaced sub-executors executors ) \ )
. ) 2. Strengthening the customer’s control over the fulfill-
Sty in the process of ICC implemen- R - . . .
tation ment of sub-executors’ obligations.
3. Strengthening the customer’s control over the fulfillment
of the general contractor’s obligations to sub-contractors
Proportion of violations of safe- | 1. Strengthening internal oversight.
St ty, labour protection and indus- | 2. Conclusion of an agreement with an independent ex-
1 trial safety that led to the sus- pert organization responsible for regulatory control
pension of work or fines of documentation and construction control
. ) 1. Analysis of the reasons for the suspension of work.
Share of applied penalties . : e
Styg ) 2. Variability depending on the identified causes: manage- - . . .
in the cost of ICC ) ) - )
rial, economic, organizational, psychological response
Proportion of claims and com- ) .
Iaigts received by the qeneral 1. Analysis of the reasons for the suspension of work.
Sty; p ythe g 2. Variability depending on the identified causes: manage- - . . .
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End of the Table 3

Number ICC LC sustainability indicator

Corrective actions

Pre- Design/ Procure- Construc-
project | engineering ment/ tion/com-
stage surveys delivery missioning

Proportion of risks that have
resulted in negative changes
in the cost, duration, or quality
of the project

1. Analysis of the reasons for the suspension of work.
Styg 2. Variability depending on the identified causes: manage- - . . .
rial, economic, organizational, psychological reaction

Percentage of decisions made

by the customer for the contrac- 1. Ghange of performers.

ment and materials to the con-
struction site

t 2. Hiri ineeri Iti ization f . . . .
Styg for as part of the fulfilment |'r|ng an' engmgermg consul ing organization from
, L the field of industrial construction
of the contractor’s obligations
P t f deviati
i:{g:l:ﬁ\?&? ti?]::sac:fozsui 1. Analysis of the reasons for the suspension of work.
Sty y auip 2. Variability depending on the identified causes: manage- - - .

rial, economic, organizational, psychological response

Proportion of project goals not
achieved (intermediate and final)

1. Analysis of the reasons for the suspension of work.
Styy 2. Variability depending on the identified causes: manage- . . . .
rial, economic, organizational, psychological response

Degree of controllability (com-

St
2 pleteness)

1. Analysis of the reasons for the suspension of work.
2. Variability depending on the identified causes: manage- - . . .
rial, economic, organizational, psychological response

construction. As part of the testing, it is necessary to form an integral
indicator based on an analysis of the specifics of the implementation
of a specific ICP in the chosen field of industrial construction, to pre-
dict the resulting economic effects achieved by minimizing negative
effects at all stages of ICC LC. The calculated effects of the imple-
mentation of the developed methodological provisions and practical
recommendations will serve as the basis for further improvement
of ICP implementation mechanisms in industrial construction.

CONCLUSIONS

1. Development and improvement of the sustainability of ICP in in-
dustrial construction under the influence of negative factors should be
based on the application of integrated design-oriented engineering
approaches to the development and implementation of ICC, including
mechanisms for integrating engineering activities and harmonizing
the interaction of stakeholders at various stages of the project life cy-
cle, taking into account the introduction of innovations.

2. The most adequate models of construction contracts for the im-
plementation of integrated project-oriented engineering are EPC con-
tracts, which provide advantages over other types of contracts.

3. Developed principles of contract support in the field of indus-
trial construction within the framework of expanded reproduction
make it possible to form a target mathematical and economic func-
tion of the integral ICC LC sustainability indicator in relation to in-
dustrial construction.

4. Developed principles and mechanism aimed at improving
the effectiveness of ICP implemented by ICC, taking into account
the principles of engineering activities in the field of industrial con-
struction and, in particular, design-oriented management systems,

as well as industry-specific features of the construction sector, can
ensure the sustainability and development of industrial construction
in general.

5. Scientific and practical research results and recommenda-
tions can ensure the sustainable growth of domestic engineering
in the field of industrial construction and improve competencies
in the field of design-oriented systems, harmonizing the interests
and goals of ICA participants. The results obtained can be used
in the activities of customer enterprises in the field of industrial
construction, corporate associations in the field of industry, taking
into account their territorial and industry specifics. A promising
area of further research is the development of scientific and meth-
odological approaches to assessing the sustainability of ICP
in a turbulent economy and the requirements of accelerated in-
dustrialization.
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OpraHM3aumMoOHHO-3KOHOMUYECKNU
MeXaHU3M peanu3auum KOMMNJIeKCHOro
KOHTPaKTHOro o6ecrne4eHusi MPOeKTOB
NPOMBILLJIEHHOrO CTPOUTENIbCTBA

B HacTosllee BpeMa pasBuTME OTEYECTBEHHON 3KOHOMUKMU
NPOVCXOAUT B MOCTOSAHHO MEHSIOLLIENCS BHELLHEN Cpefe 1 He-
ONpefeneHHOCTH, CBA3AHHbIX Kak C MUPOBLIMU TEHAEHUUAMU
rno6anbHON 3KOHOMUKU, TaK U C CAHKLIMOHHOW MONMUTUKOW B OT-
HoLeHun Poccun. TpeboBaHne yCTOMHNBOrOo 9KOHOMUYECKOrO
pocTa B Takux ycnosusax obecne4vmBaeTcs, B TOM Yucne, npo-
MbILLSIEHHBIM CTPOUTENbCTBOM, KOTOPOE CO3[4aeT OCHOBHbIE
hOHAbI Y MPOBOANUT UX PEKOHCTPYKLMIO, pacLUMpeHne n Mogep-
HM3aumio Ans co3[aHnsa yCnoBMIN pacLLMPEHHOrO BOCMPOU3BOA-
CTBa W NOBbILLIEHNS KOHKYPEHTOCNOCOOHOCTU B NMPOMbILLSIEH-
HOCTU M MHPPACTPYKTYPHOM 06eCneyeHnn NPOMBbILLIEHHOCTH,
B SHEpreTuke, B 061acTn MHopmaumm n ceasu, B cdepe co-
3[0aHWA MHXEHePHOW MHAPaCTPYKTypbl. CoOBpeMeHHbIe hopMbl
peann3aunn BbICOKOI(MMPEKTUBHOIO U pedynbTaTUBHOIO Npo-
MbILLSIEHHOrO CTPOUTENbCTBA OCHOBAHbI HA MPaKTUKe CTPOU-
TENbHOr0 MHXWHUPUHIA, KOTOPbIN NPYMEHAETCA Ha BCEX 3Ta-
nax Xw3HeHHoro umkna (XKL|) NHBECTULMOHHO-CTPOUTENBHbIX
npoekToB (MCI1). AHanna TeKyLero COCTOAHUS pblHKa MHBE-
CTULMOHHO-CTpouTenbHou gestensHocTu (MCH) B cchepe npo-
MbILLSIEHHOrO CTPOUTENbCTBA BCKPbIBAET HECOBEPLUEHCTBO
CYLLIECTBYIOLLNX METOAOB KOHTPAKTHOro o6ecneveHns Ha pas-
nunyHbix aTanax XKL WCI1 npombIlwneHHoro crpontenscraa
N HE[OCTaTO4HYIO MHTEerpaumio Tpebyemblx afeKkBaTHbIX OpM
WHXWHMPWHIa NofJ PYKOBOACTBOM €AMHOrO KOMMJIEKCHOr 0O Nog-
psAYMKa, YTO YacTo NMPUMBOAUT K CPbIBY CPOKOB BBOAA B 3KC-
nnyarauunio 06beKTOB KanuTanbHOro CTpoUTEeNnbLCTBA, [OMOI-
HUTENbHbIM 3aTpaTam MHBECTOPOB U 3aMeHe MoApSAAYNKOB
B npouecce peanu3sauun NCI1 c nocnepyrowmm cyaebHbiM pas-
peLleHnemM hMHaAHCOBbIX CMOPOB MeXAy NoAapsayYMKamMu n 3a-
Kasynkamn. Kpome Toro, COBpeMeHHas KOHKypeHTHasa cpepa
TpebyeT BBOAA B SKCMyaTaLmnio 06beKTOB C MIHHOBALMOHHbIMU
N 3PPEKTUBHBIMU XapaKTEPUCTUKaAMM, KOTOPble MOryT 6bITb
o6ecneyeHbl KOMMNIEKCHbIM UHXUHUPUHIOBLIM MOAXOLAOM, Y4u-
TbIBaOLLMM B3aMMOCBA3b TEXHONOIrMYECKON U OpraHn3aLmoH-
HO-ynpaBneH4YecKkon cpefbl Ha Bcex aTanax XKL| passueatoLLe-
rocs BO BPEMEHWU U MPOCTPAHCTBE 06bEKTa NPOMBbILLIEHHOrO
cTpouTenbcTBa. TakMm o6pa3oMm, akTyanbHas npob6nemaru-
Ka coBpeMeHHoro coctosHus NC[ B cdepe NpOMbILLNIEHHOrO
CTPOUTENLCTBA BbIBOAUT Ha NEPBbIV NiaH He06X0ANMOCTb Bbl-
paboTKN NMPUHLMMNOB KOMMIEKCHOrO MHXWHUPWUHIOBOrO NOAXO-
[a NPYMEHNUTENIbHO K MPOMBbILLIEHHOMY CTPOUTENLCTBY U pas-
paboTKM Ha UX OCHOBE OPraHM3aLNOHHO-3KOHOMWUYECKOro
MexaHu3ma peanuaaumyv KOMMNIEKCHOr0 KOHTPakTHOro o6ec-
neyYeHns NMPOEeKTOB NPOMbILLIIEHHOrO CTPOUTENLCTBA, NOBbILLA-
IOLLIX SKOHOMMYECKYI0 3(DPEKTUBHOCTb N Pe3ynbTaTUBHOCTb
KOMMIEKCHbIX CTPOUTENbHbIX KOHTpakToB (KCK).
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Basics of scenario development
of urbanized territories

The need for scenario planning for the development of urbanized territories in the context of rapid changes
in the social, economic and environmental environment is discussed. Modern cities and urbanized territories face
many challenges, including climate change, population growth, economic instability and social conflicts. Despite
the existence of various methods and approaches to the development of urban spaces, many of them do not take
into account the dynamic nature of the processes, which leads to insufficient flexibility and management efficien-
cy. Statically defined options for territorial development actually negate their flexibility and, as a rule, are not im-
plemented properly. The author proposes to introduce a comprehensive level-sectoral approach to scenario de-
velopment of territories, which will adapt to changes in real time, that is, have a dynamic nature. This approach
includes the integration of various aspects of planning and management, both within various sectors of the econ-
omy and taking into account different levels of territorial development. It emphasizes the importance of interac-
tion between different sectors and levels of governance, which contributes to more effective adaptation of cities
to new challenges and requirements. As a result of applying this approach, it is possible to improve the quality
of life of city residents, improve the environmental situation and create a more sustainable infrastructure. The pa-
per also emphasizes that scenario planning is a key tool for achieving effective management of urbanized areas
in conditions of uncertainty and rapid change in the external environment, ensuring sustainable and harmonious
development of cities and their suburbs in the long term.

Keywords: territorial development, strategy, quality of living environment, scenario approach, dynamically bal-
anced development

ussia needs a long-term development strategy One of the widely used methods in forecasting
focused on improving the quality and standard socio-economic processes is the scenario approach.
The scenario approach is one of the widely used

of living of people, modernizing and increasing

the competitiveness of the national economy, and re-
ducing environmental and climate risks. Therefore,
in modern socio-economic conditions characterized
by the instability of the situation on global markets
and the aggravation of financial security problems
at all levels of government in the Russian Federation,
the task of increasing the efficiency of using the inter-
nal resources of territorial systems is becoming in-
creasingly urgent. Its solution is based on qualitative
forecasting and planning [1].

However, the task of forecasting the develop-
ment of territories is extremely difficult in itself due
to both objective and subjective reasons, among
which it should be noted the imperfection of statisti-
cal accounting, the significant influence of the ex-
ternal environment, the severe limitation of internal
resources, etc. The use of expert methods in this
case often does not allow us to fully take into ac-
count the totality of influencing factors [2, 3].

There are various classifications of approaches
in the field of territorial system modelling in Russian
and foreign literature. In particular, four aggregated
classes can be distinguished, differing in the logic
of system construction, the methods of formalization
and modelling used [4, 5]:

e models of general economic equilibrium;

e models based on the use of probabilistic

and statistical methods;

e models of system dynamics and other simula-

tion-type models;

* models based on the use of various intelligent

information technologies.

methods in forecasting socio-economic processes.
The classical method of scenario planning consists
in identifying basic quantitative and qualitative devel-
opment trends and tracking changes in society under
their influence. General principles and methods
of scenario development for long-term forecasts of so-
cio-economic development are presented in a num-
ber of works, however, in each specific case,
the scheme for constructing forecast scenarios is de-
termined by the tasks facing the developers
and the specifics of the forecasting object [6, 7].

The scenarios of the long-term development
of the Russian economy presented in the forecast de-
velopments of various organizations can be roughly
divided into two groups: “thematic” and “complex”
scenarios. The “thematic” scenarios are based
on some motivated ideas about the preferences
of various groups of the population in the future socio-
economic development of the country (for example,
government, scientific, cultural, and other elites).
The experience of developing such scenarios is re-
flected in the work of the Centre of Macroeconomic
Analysis and Short-term Forecasting for Russia: sce-
narios of “super-industrial modernization”, “leap into
globalization”, “economic isolationism”, “energy au-
tism” [8]. In “complex” scenarios, various combina-
tions of external and internal factors are grouped de-
pending on the assessment of the “degree
of favorability” of development conditions (low, medi-
um, high; pessimistic, realistic and optimistic; etc.).
According to this principle, the scenarios of medium-
term forecasts and the long-term forecast of the Insti-
tute of National Economic Forecasting of the Russian



HenBvX1MMOCTb: 9KOHOMUKA, ynpaBneHne

TPALOPETVIINPOBAHUE U YNIPABJIEHUE XUJIULLHO-KOMMYHAJIbHbIM KOMMJIEKCOM

MexayHaponHbI Hay4YHO-TEXHUYECKUIA XXypHan

#1/2025

27

Academy of Sciences (inertial and internally oriented, investment) are
formed [9]. In fact, the “pessimistic, realistic and optimistic” scenarios
are conservative, innovative and targeted (accelerated) scenarios
of the “Long-term forecast of socio-economic development of the Rus-
sian Federation for the period up to 2030"". In different versions
of the long-term forecast, other names of scenarios were used: con-
servative, energy-based and innovative, but the substantive prerequi-
sites of the three scenarios are approximately the same.

The purpose of this study is to analyze the methodological as-
pects of the existing scenario approach and to form the theoretical
foundations of the scenario development of urbanized territories,
taking into account the basic directions of the theory of dynamic
equilibrium.

Forecast scenarios involving spatial aspects of development
are being developed for regions of one country or group of coun-
tries, and they can also be roughly divided into “meaningful”
and “complex” ones. A “meaningful” approach to constructing spa-
tial development scenarios is more common in the study of spatial
interactions for groups of countries within the framework of integra-
tion associations? [10]. The advantage of a “meaningful” approach
is the detailed elaboration of alternative strategies for the spatial
distribution of the population and economic activity. The scenarios
of the territorial development of the EU countries in the long term
until 2030 and 2050 are built in accordance with possible strategies
for the development of the European area®. An integrated approach
to the development of spatial development scenarios includes
a systematic analysis of the current situation, the involvement
of stakeholders and the application of a systematic approach that
considers the territory as a complex interconnected system [11].
An important aspect is the creation of alternative scenarios, taking
into account uncertainty factors and assessing their impact
on the social, economic and environmental spheres.

There are also works that consider scenarios for the develop-
ment of residential and commercial real estate within certain territo-
rial systems under conditions of uncertainty [12, 13].

The peculiarity of the approach proposed by the author in ur-
banized areas, when quantifying forecast scenarios, is as follows.
Depending on the hypotheses embedded in the spatial scenario,
priorities for the spatial distribution of resources and economic ac-
tivity are formed, which, in turn, determine the dynamics of the de-
velopment of each territory and the trajectory of the economy as
a whole as a summary indicator of the dynamics of individual terri-
tories. It is recommended to use the spatial distribution of invest-
ments in the territorial context as a control parameter in the calcula-
tions. Differences in investment dynamics are proposed to be
considered across 8 industry complexes: agriculture, mining, pro-
cessing, energy, trade, transport and communications, commercial
services and social services. Thus, it is possible to form a spatial
structure of investments in the final form, relative to the spatial dis-
tribution of investments across various industry complexes.

Thus, the principle described above will make it possible to use
an integrated level-sectoral approach when developing scenarios
for the development of territories. The essence of the proposed ap-
proach is to take into account not only various management levels
within a territorial feature (quarter, microregion, urban area, city, ur-
ban district, municipality, municipal district, agglomeration, subject

of the federation — territory, region, federal district, country, interna-
tional association), but also the existing state and forecast prospects
for the development of industries within the boundaries of the territo-
ries under consideration (industry, agriculture, forestry, construction,
other types of activities in the field of material production, agricultural
services, transport, communications, trade and catering, logistics-
technical supply and sales, procurement, information and computing
services, real estate operations, general commercial activities to en-
sure the functioning of the market, geology and exploration
of the subsoil, geodetic and hydrometeorological services, housing,
utilities, non-industrial types of consumer services, health care, phys-
ical education and social security, public education, culture and art,
science and scientific services, finance, credit, insurance, pension
provision, management, public associations).

The sum of the sectoral and regional components is important
for scenario calculations for spatial development options. It charac-
terizes the differentiation of investment distribution in the regional
context. The implemented indicator thus acts as a differentiated
supplement to the national component. This methodological tech-
nigue represents the value of projected economic growth in the re-
gion as the sum of nationwide and geographically differentiated
components.

As aresult, the volume of investments in fixed assets in the fore-
cast period within the boundaries of the territory (/n) is proposed
to be calculated as follows:

Int = InS + In'k,; (1)
In®=1InS,, =T, (2)
>
 NGyer
Ik = ok pln | & g (3)
n

where In® — volume of investments in fixed assets in the forecast
period within the boundaries of the territory under considera-
tion, due to the country-wide economic dynamics;

In'°k — volume of investments in fixed assets in the forecast

period within the boundaries of the territory under considera-

tion, due to the specifics of territorial development condi-
tions;

/nfet — volume of investments in fixed assets, due
to the country-wide economic dynamics, in the retrospective
period for the territory under consideration;

7" — growth rate of investments in fixed assets in the retro-
spective period in the territory under consideration;

/nﬂgf — volume of investments in fixed assets determined by

regional development conditions in the retrospective period
for the territory under consideration;
Ind,,, — territorial indicators of sustainable socio-economic
development.
During the study of several dozen indicators, the following mod-
el was prepared:

I = f (Ind,g, )- (4

1 Forecast of the long-term socio-economic development of the Russian Federation for the period up to 2030. The Ministry of Economic Development of Russia. 2013. URL:

www.consultant.ru/document/cons_doc_LAW_144190 (Accessed: 09.03.2025). (rus.).

2 European Territorial Scenarios 2050. ESPON 2050. URL: http://www.et2050.eu (Accessed: 09.03.2025).

3 Long-term forecast of the economic development of the Eurasian Economic Union until 2030. Moscow, June 2015. URL: http://eurasianstudies.org/wp-content/uploads/2017

(Accessed: 09.03.2025).
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Here, the following indicators are used as territorial indicators
of sustainable socio-economic development, normalized to the aver-
age Russian level: enterprises' own funds; investments in fixed assets
from the federal budget; multiplier of investments in fixed assets from
the federal budget; input of fixed assets; share of total investments
in fixed assets aimed at modernizing production; volume of housing
construction and so on.

The value of the above value determines the increased invest-
ment activity in the region and, as a result, more intensive inter-
regional economic cooperation along the established production
chains.

A dynamically balanced approach to the development of ur-
banized territories should be based on the principles of sustainable
development and systemic thinking, which allows for flexible re-
sponse to changes, integration of economic, social and environ-
mental aspects, as well as involvement of various stakeholder
groups in the planning process. It should facilitate risk forecasting
and management, take into account the long-term consequences
of decisions and actively use modern technologies for data analy-
sis, considering the city as a complex interconnected system. This
will ensure an integrated and sustainable approach to develop-
ment, contributing to the harmonious coexistence of different inter-
ests and improving the quality of life for future generations.

As the main indicator characterizing the balance of a particular
scenario of development of an urbanized territory, the author pro-
poses to introduce the index of sustainable development (sustain-
ability) (/54). Which acts as the following function:

I, =f(GP, IN, B, NWF, Inf, ER, QLE, LP, UR, KR, PH, Ot),  (5)

where GP is the gross product of the territory;
IN is the volume of investments;
B is the budget balance;
NWEF is the national wealth fund;
Inf is the inflation rate;
ER is the exchange rate of the national currency;
QLE is the quality of the living environment;
LP is the labour productivity;
UR is the unemployment rate;
KR is the key rate;
PH is the price of hydrocarbons;
Ot is other factors.

At the same time, I, at different stages of cyclical development
can take different values: > 1.0 — growing; < 1.0-0.5 — average
falling; < 0.5-1.0 — average growing; < 0.5-0.1 — crisis.

The influence of this or that factor on the sustainability index is
presented in Table.

Thus, it can be noted that the historical experience of Russia
and the experience of other countries shows that sustainable devel-
opment is impossible without full-fledged strategic planning adapt-
ed to the realities of the modern socio-economic system of Russia.

OCHOBbI CLLeHapUpPOBaHUsi Pa3BUTUS
yp6aHU3MPOBaHHbIX TepPUTOPUIA

B ctatbe paccmartpuBaeTca He06XOAMMOCTb CLieHapupoBaHus
pa3BuUTUA yp6aHN3UPOBAHHbLIX TEPPUTOPUIA B YCIIOBUSX CTpe-
MUTENbHbIX U3MEHEHUI COLMaNbHOW, SKOHOMUYECKOWN N 3KOJO-
rnyeckon cpefbl. CoBpeMEHHbIE ropoaa 1 yp6aHU3poBaHHbIE
TEPPUTOPUM CTANTKMBAIOTCS C MHOXECTBOM BbI30BOB, BKIIO4as 13-
MEHEHWE KNMMaTa, POCT HaCeNIeHNs, SKOHOMUYECKYHO HECTabWITb-

Strategic programmes and projects of the state at the federal
and regional levels should be aligned with the strategies and pro-
grammes of state corporations, as well as take into account
the plans of private business.

Using a scenario approach to develop spatial development
forecasts allows us to assess the long-term consequences of im-
plementing alternative strategies for territorial development, link
the macroeconomic forecast with real socio-economic processes
taking place in the regions, identify sources of growth, the nature
of which is related to space, and identify the most acute problems
in the development of regions.
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HOCTb ¥ couparnbHble KOHPMKTbI. HecmoTps Ha Hann4ve pasnmy-
HbIX METOAOB W MOAXOAOB K Pa3BUTUIO FOPOACKUX MPOCTPAHCTB,
MHOIMe U3 HUX He YYUTbIBAKOT AVHAMUYECKYIO MPUpoay npolec-
COB, YTO NPUBOAUT K HE[OCTATOYHOW MMOKOCTU N 3PDEKTUBHO-
CcTu ynpasnenus. CTatn4eckn onpeneneHHble BapnaHTbl Teppu-
TOPUanNbLHOro Pa3BUTUS (PAKTUHECKN HUBENVPYIOT UX MMOKOCTH U,
Kak npasusio, He UCMOJTHAKTCS AOMKHbIM 06pa3oM. ABTOp npen-
naraet BHeApWTb KOMMJIEKCHbIN YPOBHEBO-OTPACNEBON NOAXOL,
K CLEHapHOMY pa3BUTUIO TEPPUTOPUIA, KOTOPbIN ByAeT afanTtu-
poBaTbCA K UBMEHEHWUAM B peasibHOM BPEMEHW, T.€. UMEeTb AVHa-
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MUYECKUA XapakTep. STOT NOAX04 BKIOYAET B Ce65 MHTErpaLmio
PasnIMyHbIX acneKkToB MjaHnpoBaHUA U ynpaBiieHUA Kak B pam-
Kax pasfnyHbIX OTpacnen 9KOHOMWKW, Tak U C y4EeTOM pasHbIX
YPOBHeW TeppuTopransHoro pa3sutus. OH akUeHTMpYeT BHUMa-
HMe Ha Ba>XHOCTU B3aI/IMO,E|eI7ICTBI/IF| Mexay pasiiydHbIMU CEKTO-
pamMu 1 ypOBHSIMM yrpaBJieHus, YTO Crnoco6CTBYET 6onee adhdhek-
TUBHOW afjanTaumm ropofoB K HOBbIM BbiI30BaM Y TPEOOBaHUSAM.
B pesynbrate npumeHeHus [aHHOro Noaxofa BO3MOXHO MOBbI-
CUTb Ka4eCTBO XW3HW rOpOXaH, YNy4LUNTb SKONOrM4ECKYH CUTY-
aumio 1 cosgatb 6onee yCTONYMBYIO MHAPPaACTPYKTYpy. B cTatbe
TakXe NnoaYepknBaeTcs, YTo CLeHapHoe NiaHnpoBaHne ABNIAeT-
€S KNIOYEBLIM MHCTPYMEHTOM A8 [OCTMXKEHUS 3DDEKTUBHOMO
ynpasnieHvs yp6aHn3npoBaHHbIMU TEPPUTOPUSMU B YCIIOBUSX HE-
onpeneneHHoOCTH U 6bICTPOro N3MEHEHNS BHELLIHEN cpefbl, 06ec-
neyvBas yCTOM4MBOE W rapMOHUYHOE Pa3BUTUE FOPOLOB U UX
NMPUropoAoB Ha [0NITOCPOYHYI0 NEPCMNEKTUBY.

Knro4yeBble cnoBa: TeppuTopuanbHoe pasButue, cTparerns, Ka-
4eCTBO cpefbl XN3HE[eSsTe/IbHOCTH, CLUeHapHbIV NoaxXo4, AMHA-
MUYeCKM c6aniaHCUPOBaHHOE PasBuUTHe
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Integration of information modelling to improve
the performance of capital construction
objects: modern approach and perspectives

The paper deals with the integration of information modelling to improve the performance of buildings, basic con-
cepts of the life cycle of buildings, modern approaches to building management and performance improvement
at various stages of the life cycle. In modern conditions, information modelling technology (IMT) becomes the main
tool to improve the performance of objects. Building performance parameters (BPP) — characteristics of the build-
ing, showing the evaluation of the object functioning in accordance with the established/set criteria. Modern ap-
proaches to the introduction of information modelling in operational processes are considered, such as: the use
of digital twins, digital passportization, implementation of software solutions. The prospects of applying IMT for more
accurate planning of preventive works, operative detection and elimination of faults, which leads to significant cost
reduction at the operation stage, are also discussed in detail. It is important to specify that construction is improv-
ing and becoming fast every year, this leads to an increase in the number of commissioned real estate objects.
The main reason for this rapid rate of growth is due to the integration of IMT into the life cycle stages of construction
projects. The other side, which is negative and needs significant and deep elaboration and fresh ideas, is the enor-
mously high costs during the operational phase, which is problematic to predict in most cases. Deficiencies in pre-
vious phases are activated and become more pronounced in the operational phase. IMT is an important process
in all phases of the life cycle, in the operational phase the value of this technology lies in the data that carries up-to-
date information about the project and in the increased level of integration of work with it.

Keywords: information modelling technology, digital twin, building performance, life cycle of construction object,

real estate management

INTRODUCTION

odern construction is a complex process re-
M quiring thorough consideration of all con-

struction elements. Therefore, integrating
various technologies to ensure efficient building op-
eration is a particularly important component. Build-
ing Information Modelling (BIM) is a modern method
used for construction, equipping, and managing
the life cycle of buildings. This approach considers
the construction project as an integrated complex
that includes infrastructure elements, technological
systems, and the construction object itself [1].

Information models provide opportunities for
managing construction schedules, risks, and cost
estimates. BIM technology enables visualization
of any building system and element in a three-di-
mensional format, planning and calculating their ar-
rangement, and analyzing the operational character-
istics of designed structures to help select the most
rational solution. These methods allow for minimizing
corrections and remarks, reducing work execution
time, and significantly cutting costs at both the con-
struction stage and during the building’s subsequent
operation. The integration of BIM technology helps
lower the total cost estimate of designed buildings
and structures, substantially reducing operating ex-
penses and optimizing utility costs for property own-
ers.

According to statistics from experts within
the Expert Council and the Working Group under
the Ministry of Construction of the Russian Federa-
tion regarding BIM integration in industrial and civil
construction, construction companies primarily use
BIM at the design stage (up to 80 % of total BIM

adoption), approximately five times less at the con-
struction stage (around 15 %), and the lowest utili-
zation occurs at the operation stage (about 5 %) [2].

Financial expenditures of up to 80 % of the total
estimated cost are associated with management
and the operational stage of the building’s life cycle.
Given this data, limiting the integration and use
of BIM at various stages of the building’s life cycle is
unwise. By designing and implementing a digital
model — a “digital twin” of the building [3] — object
management and operation become more efficient.
Additionally, there is a significant increase in the ser-
vice life of engineering systems, communications,
and the building as a whole, leading to reduced ex-
penses and an improved quality of life for the prop-
erty owner(s) [4].

The experience of using BIM abroad [5, 6]
clearly demonstrates and recommends the devel-
opment and updating of reconstruction, renovation,
and maintenance processes for buildings
and structures. However, in Russia, the application
of BIM in this area has received little attention, even
though it is crucial for building operation practices.

The operation and repair phase of buildings is
a costly and critical stage in the entire building life
cycle. As previously mentioned, this accounts
for up to 80 % of the total life cycle cost. Therefore,
during the operation stage, BIM offers significant
opportunities for integration and application.
The building information model can always provide
up-to-date information on the condition of structural
elements, engineering systems, etc. This enables
the development of a precise schedule and plan
for maintenance work, cost estimates, identification
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1st BPP group — physical durability parame-
ters: strength, thermal protection, tightness
of enclosures, etc.

2nd BPP group — parameters of moral dura-
bility: compliance with technology, architec-
tural criteria, required comfort

Construction engineering —>  Building construction ——>  The operation of buildings
and structures is based on materialization

/

Maintaining BPP appropriate to the purpose
of each building and structure, while

Construction engineering,
guided by the task and SNIP,
establish their list for each
structure by their own meas-
ures and means — selection
of materials, structures, cal-
culation of their dimensions,
etc. — provide normative or
calculated BPP values in

Builders, guided by

the project and SNIP,
by their own measures
and means — methods
of construction works,
quality control, etc. —
ensure compliance of
actual BPP values with
the design ones

Operators, guided by
the project, actual BPP
values fixed in the act
of acceptance

of the building into op-
eration, maintain BPP
at the specified level by
their own measures —
periodic control of their

the project

values, maintenance,
adjustment, repair

of systems and struc-
tures

and be able to assess their technical condition;

For this purpose, the operators:

« should understand the theory of deterioration and rehabilitation of structures

« know the normative and be able to assess the actual BPP values;
« be able to adjust, maintain and repair systems of engineering equipment and structures

Performance parameters of buildings and structures

of necessary contractors, and oversight of completed work. These
parameters can be useful for both management companies
and property owners engaged in rental business.

The relevance of this topic lies in the fact that Russia currently
has a vast housing stock [7, 8], and large-scale projects for com-
prehensive territorial development are actively being implemented
in place of industrial zones. The already developed housing stock,
which is owned by both the state and private individuals, requires
constant maintenance and capital repairs. New construction also
demands electronic passporting to ensure precise control, execu-
tion of repair works, and elimination of defects that arise during
the building’s construction phase. This method will enhance effi-
ciency and reduce building operation costs.

Let us consider the groups of operational qualities of buildings.
There is a set of indicators that must be considered during the de-
sign and construction of a building. These criteria are divided into
two groups [9]:

Group 1: Parameters related to the physical durability
of the building, such as moisture resistance, thermal insulation,
structural strength, and wear resistance.

Group 2: Parameters related to the moral longevity of the build-
ing, such as compliance with modern trends in design, planning,

and architectural solutions, as well as the use of new engineering
equipment and methods.

All quantitatively measurable qualities are represented in nu-
merical form, while the rest are evaluated subjectively. These op-
erational quality parameters (OQP) are taken into account at vari-
ous stages of construction, starting from building design (fig.).

A significant problem is that some buildings do not meet
the original project specifications once construction is complete.
The discrepancy between planned and actual indicators can be
substantial, resulting in significant financial costs to the owner. This
phenomenon can be referred to as a “gap”; if the gap is large, ad-
justments to certain construction elements may be required, chang-
es may have to be made or, in extreme cases, the building may not
be allowed to operate. In addition, the transition from traditional
methods to new technologies is often challenging. For example,
the integration of BIM may be resisted by property managers or
owners due to insufficient knowledge of the technology. It is there-
fore crucial to promote the widespread adoption of BIM at various
stages of the lifecycle, possibly through Russian government regu-
lations. To date, Government Decree No. 2357, which comes into
force on 1 July 2024, already mandates the implementation of BIM
in the construction sector [10].
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The prospects for integrating information modelling to improve
the performance of civil buildings lie in several aspects:

e Digital Twins. The widespread use of digital twins will en-
hance both analytical and economic capabilities of BIM
in different life cycle stages. With digital twins, property
owners and managers can reconstruct every parameter
and element from the real environment into the digital model.
Designers can conduct digital simulations and analyze ex-
pected results before making adjustments to project docu-
mentation that could impact the physical and actual building
in the future [11, 12];
Electronic Passporting. The electronic passport of real estate
objects is an automated platform for storing and processing
technical documentation data. This system organizes techni-
cal information and provides tools for working with parametric
data. It includes an interactive building model that allows
for more accurate and comprehensive visualization of object
characteristics. The software suite contains functions for gen-
erating reports on the current technical condition of the build-
ing and assessing risks of emergency situations. The elec-
tronic passport system also stores catalogs of project, opera-
tional, and technical documentation and ensures compliance
with maintenance recommendations through various monitor-
ing methods aimed at addressing deficiencies [13, 14];
Virtual Reality. Today, BIM is considered one of the founda-
tions of digital transformation in the construction industry.
The combination of BIM and VR presents tremendous oppor-
tunities at the design, construction, and operational stages.
A key advantage of this integration is improved interaction with
property owners or management companies. Owners can immerse
themselves in a virtual environment and actively participate
in the design and subsequent operation process. Builders can eas-
ily oversee work processes and identify critical issues requiring
special attention. This practical involvement provides more in-
formed feedback and adjustments that reflect owners’ preferences,
construction oversight, and more. Moreover, this technological fu-
sion increases project efficiency by enabling the creation of virtual
models that help detect potential problems before construction
begins, preventing costly mistakes [15].

CONCLUSION

The rapid growth of new construction, territorial development
programs, and the renewal of existing urban fabric are highly relevant
and promising topics that require detailed elaboration and the imple-
mentation of various technologies and methods to address current
challenges. The integration of BIM for improving building operational
qualities is a crucial segment that will resolve a wide range of prob-
lems at different stages of the building life cycle.

MHTerpaumsa nvHopmaumoHHoOro
MopaenupoBaHus Ang yny4lleHus
3KcnnyaTauMoHHbIX Ka4eCcTB 06bLEKTOB
KanutanbHOro CTpouTenbCcTBa:
COBpPEMEHHbIN NOAXO0A U NepCneKTUBbI

B ctatbe paccMoTpeHbl BOMPOCHI MHTErpauumn MHMOpPMaLMoH-
HOro MOZENMPOBAaHWA ANS YNyYLLEeHUs SKCnnyaTauMoHHbIX Ka-
4yecTB 3aHui, 6a30Bble MOHATUSA XUIHEHHOIO LMKNa 3OaHWUN,
COBpPEMEHHbIe NoAX0Adbl K YNPaBieHU0 34aHNEM U MOBbILLEHUIO
3KCMyaTaLMOoHHbIX Ka4eCcTB Ha pasnuyHbix atanax XLl B cos-
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PEMEHHbIX YCNOBUAX TEXHONOINA NHMOPMALIMOHHOIO MOAENN-
posaHusa (TMIM) cTaHOBUTCA rMaBHbIM UHCTPYMEHTOM, KOTOPbIWA
NO3BOSIAET YNyYLUUTb SKCMIyaTauMOHHbIE XapaKTepUCTUKN 06b-
ekToB. [TapameTpbl 3KCMnyaTauMoHHbIX KadecTB 3aaHus (MIK) —
XapaKTepuCTUKN 30aHNSA, NOKa3biBaBLUME OLEHKY OYHKLIMOHMPO-
BaHWA 06bEKTa B COOTBETCTBUM C YCTAHOBMIEHHbIMW/3a4aHHbIMN
KpuTepusMu. PaccmMoTpeHbl COBPEMEHHbIE NOAXOAbl K BHeApe-
HUIO MHPOPMALMOHHOrO MOAENUPOBAHNSA B SKCMlyaTaunOHHbIe
npoLecchl, TakMe Kak: UCNofib30BaHne LUppoBbIX BOMNHUKOB,
3MIEKTPOHHAs NacnopTM3aumns, BHeAPEeHWe NporpamMmmHbIX peLue-
HUW. Takxe nogpobHO 06CY>XAATCA NEPCMNEKTVBLI MPUMEHEHUS
TUM pgns 6onee TOYHOro NyiaHMpPOBaHUA NPounaKkTU4eckmx pa-
60T, ONEepPaTMBHOrO BbIABNEHNA Y YCTPAHEHNSA HEUCNPAaBHOCTEWN,
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YTO MPUBOAMUT K 3HA4YUTENIbHOMY CHVDKEHMWIO 3aTpaT Ha aTane aKc-
nnyarauuu. BaxHo YTOYHUTb, YTO CTPOUTENILCTBO C KaXAbIM ro-
[OM COBEPLLUEHCTBYETCH U CTAHOBUTCS ObICTPbIM, 3TO MPUBOAUT
K YBENMYEHNIO YMCNa BBOOUMbIX B SKCMlyaTtaumio 06bEKTOB He-
OBWXUMOCTU. [MaBHOM NPUYMHOM Takoro 6bICTPOro TeMna pocTta
obycnoeneHa nHterpauns TVIM B aTanbl XXM3HEHHOTO LiMKna 06b-
€KTOB CTpouTenbCTBa. [pyrasi CTOpoHa, KoTopas sBMSeTCs Hera-
TVMBHOW M HYXXAAETCHA B 3HA4YUTENBHOWN 1 rIy60KOM NpopaboTKe,
a TakXe B CBEXMX MAEesX — 3TO KOJIoccasibHO BbICOKME 3aTparthl
Ha aTane aKcniyaTauun, KoTopble NpobnemaTuyHo Npefckasartb
B 60JIbLLUMHCTBE CryyYaeB. HenopaboTky Ha npedblayLumx atanax
aKTUBU3NPYIOTCS N NPOSIBMSIOTCS 6onee SpKo Ha aTane aKcnnya-
Tauun. TUIM aBnseTca BaxHbIM NpoLieccom Ha Bcex atanax XKL,
Ha aTane 3Kcnnyaraumm LLeHHOCTb JAaHHOW TEXHOMOrMM 3akJsioya-
€TCs B ldHHbIX, KOTOPblE HECYT B Ce6€e aKTyasibHyto MHOPMaLIMIO
0 MPOEKTE, U B NOBbILLEHHOM YPOBHE MHTErpauum paboTbl C HAMMU.

KnrouyeBsbie crioBa: TeXHOI0MrMsi MHGHOPMaLNOHHOro MOAENPO-
BaHWs, UMghpoBOU ABOVIHUK, SKCII/TyaTaynoHHbIe Ka4ecTsa 3aa-
HUS1, KU3HEHHBIV LWKIT 0O bEeKTa CTPOUTENILCTBA, yrpasrieHne He-
JABWKUMOCTbBHO
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Methodological approach to calculating

the integral indicator of organizational

and technological reliability of repair and
restoration processes of apartment buildings

The housing stock is subject to moral and physical deterioration, which requires timely repair and restoration
work. The efficiency of such work directly affects the durability of structural elements, the performance charac-
teristics of buildings and the cost of their maintenance. In the context of limited resources and increasing de-
mands on the quality of repairs, there is a need to develop methods to objectively assess the reliability of re-
pair processes. One of the key approaches to such an assessment is the use of an integral organizational and
technological indicator of reliability, which takes into account a set of factors affecting the efficiency of the re-
pair work performed. This indicator allows you to quantitatively assess the impact of organizational, techno-
logical and economic factors on the reliability of the process, identify problem areas in the repair management
system and predict the time between repairs. This article presents a methodology for calculating the integral in-
dicator of the organizational and technological indicator of the reliability of repair processes, based on a compre-
hensive consideration of many factors and their significance. The development of this methodology will improve
the objectivity of assessing the reliability of repair processes, optimize the distribution of resources, and increase
the service life of buildings through rational planning of repair activities. The proposed approach can be used both
in the design of repair work and in their analysis and improvement during the operation of buildings.

The developed neural network model uses a multi-layer approach with an activation function in hidden layers
and a sigmoid in the output layer. Input data are normalized and processed using the backpropagation meth-
od, which allows for more accurate forecasting of inter-repair periods and assessment of the operational reliabil-
ity of a building.

Keywords: reliability of buildings, inter-repair period, indicator of organizational and technological reliability,
neural network model, repair and restoration process

he reliability of repair and restoration pro-
I cesses is determined by their ability to en-
sure the required level of operational char-
acteristics of the building during the period be-
tween repairs [1]. Reliability is influenced by or-
ganizational, technological and economic factors
that determine the quality of work, the durability of
structural elements and the efficiency of repair
management [2].

For a comprehensive assessment of reliability,
an integral indicator is introduced that combines
various aspects of repair work [3, 4] and allows tak-
ing into account their significance. Such an indica-
tor is formed on the basis of standardized values of
factors reflecting the key characteristics of the re-
pair and restoration process.

Traditional methods of calculating reliability are
based on statistical data, expert assessments and
standard indicators [5]. However, these methods
often do not take into account complex nonlinear
dependencies between parameters, which compli-
cates accurate forecasting between repairs [6].
In this regard, a promising direction is the use of
artificial neural networks, which allow analyzing
multidimensional dependencies and identifying hid-
den patterns [7].

To build a neural network model for calculating
the integral organizational and technological indica-
tor of the reliability of repair and restoration process-
es, a multi-layer neural network (MLP — Multi-Layer
Perceptron) is used [8]. Such a network allows ana-
lyzing the relationships between factors, taking into

account their significance and predicting the overall
reliability indicator (Fig. 1) [9].

1. Input factors (input layer neurons).

1.1. Organizational and technological factors (Q)).

1.1.1. Q, — Quality of repair and construction
works.

11.2. Q, — Equal strength of materials of struc-
tural elements and engineering systems.

11.3. Q; — Level of improvement and land-
scaping.

1.1.4. Q, — Energy efficiency of the building.

1.1.5. Q; — Repairability of building elements
and systems.

1.1.6. Q; — Adaptability to modern design and
technological solutions.

1.1.7. Q;, — Possibility of organizing a flow meth-
od for performing repair works.

1.1.8. Qg — Selection of rational organizational
forms of project management of restoration works.

1.1.9. Q, — Level of qualification of workers and
engineering and technical personnel.

1.2. Technical factors (T).

1.21. T, — Level of technical equipment of con-
tracting organizations.

1.2.2. T, — Durability of structural elements.

1.2.3. T, — Reliability of suppliers of materials
and equipment.

1.2.4. T, — Technical control of the life cycle of
repair and restoration works.

1.2.5. Ty — Level of complexity of repair works.

1.2.6. T — Complexity of repair and restoration
works.



HenBvX1MMOCTb: 9KOHOMUKA, ynpaBneHne

MexayHaponHbI Hay4YHO-TEXHUYECKUIA XXypHan

TEXHONOrus n OPTAHU3ALIA CTPOMTENbLCTBA

35

Analyze the relationships between
factors and identify their influence

Input Layer

Hdden| Layer
Output Layer

Includes organizational, technological and
economic factors that influence the reliability
of repairs

Contains an integral indicator of the reliability of repair and
restoration processes R;,;, which varies in the range from 0 to 1

Fig. 1. Neural network model for calculating the integral organizational and technological indicator of reliability

1.2.7. T, — Coordination of actions by volume, place and time
between successively performed works.

1.2.8. T; — Service life of the building and the number of years
since the last major repairs.

1.2.9. Ty — Level of mechanization and robotization of works.

1.210. T, — Level of influence of physical wear of elements on
the building as a whole.

1.3. Socio-economic factors (E)).

1.3.1. E; — Planned cost of repair and restoration work.

1.3.2. £, — Share of physical depreciation in the total replace-
ment cost of the building.

1.3.2. E; — Inflation index /.

1.3.3. £, — Capital-labor ratio.

The input layer consists of 23 neurons (according to the number
of factors considered), the first hidden layer includes 10-14 neurons
(identification of local dependencies), the second hidden layer of
5-8 neurons (analysis of interactions) and the output final layer con-
sists of 1 neuron (final reliability indicator R;,,).

The activation function for hidden layers is calculated using for-
mula 1 and allows for nonlinear dependencies to be taken into ac-
count:

RelU f(x) = max (O, x). (1)

The activation function for the output layer is calculated using
the sigmoid function according to formula 2 (R,,, must be in
the range [0.1]):

1

Cl+4e

fix) o (2)

Each neuron in the hidden layers calculates an output value
using formula 3:

n
H=f ZV\/,.J.-Xj+b, : (3)
j=1

where f(x) — activation function;

W,; — weight coefficient of connection;
X; — input values of factors;
b; — bias.
The final formula for calculating the integral indicator of the or-
ganizational and technological indicator within the framework of
the analysis under consideration is calculated using formula 4:

i=1

where W, — weight coefficients of factors;
R; — normalized input values of factors;
b — bias.

Fig. 2 shows a graphical model of a neural network for calculat-
ing the reliability of repair processes.

The developed neural network model for calculating the integral
organizational and technological indicator of the reliability of repair
and restoration processes allows for the effective analysis of com-
plex relationships between organizational, technical and economic
factors affecting the durability and efficiency of building operation
[10, 11].

The use of a multilayer neural network (MLP) makes it possible
to take into account various parameters, including the quality of
construction work, the technical condition of structural elements,
economic costs and the predicted reliability of repair processes.
The inclusion of hidden layers in the network architecture made it
possible to identify nonlinear dependencies that are difficult to use
traditional analysis methods [12].

The advantages of using this calculation method include in-
creased accuracy of forecasting the time between repairs, optimi-
zation of repair and maintenance costs by identifying critical fac-
tors, and the flexibility of the model allows for adapting various
situations to specific operating conditions and changing parame-
ters [13, 14].

The developed approach can be used to make informed deci-
sions on planning and implementing repair activities [15]. Further
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R, (reliability)

Fig. 2. Graphic model of a neural network for calculating the reliability of repair processes

development of the model is possible by including additional fac-
tors, expanding the data set, and using deep learning to more ac-
curately forecast the reliability of buildings [16, 17].

Thus, the neural network method for calculating the integral
reliability indicator is an effective tool for analysis and decision-
making, contributing to an increase in the service life of build-
ings, a reduction in operating costs and an increase in func-
tional reliability.
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MeToauyeckunu nogxoa K pac4yety
MHTEerpanbHOro noKkasarens
OpraHu3aLMOHHO-TEXHOJIOrMYECKOMN
HaAeXXHOCTU PEMOHTHO-
BOCCTaHOBUTEJIbHbIX NPOLLECCOB
MHOrOKBapTUPHbIX A,OMOB

XXnnow coHg NoaBep>XXeH MopanbHOMY U hru3n4eckomy U3Hocy,
YTO TPEOYET NPOBEAEHNS CBOEBPEMEHHbLIX PEMOHTHO-BOCCTAHO-
BUTESIbHbIX paboT. SPHEKTUBHOCTL NPOBEAEHUS TakKMX paboT
HanpsiMyto BNSIET Ha AONTOBEYHOCTb KOHCTPYKTUBHbIX 3NEMEH-
TOB, 9KCMJyaTauNOHHblE XapaKTepUCTUKM 3OaHUA 1 3aTpaThbl
Ha UX cogepXaHue. B ycrnoBusix orpaHU4eHHOCTN PECYPCOB U PO-
cTa TpeboBaHUIN K Ka4eCTBY PEMOHTA BO3HUKAET HE0OX0AMMOCTb
B pa3paboTke METOLOB, MO3BOMAOLLMX O6LEKTUBHO OLEHUTb Haf-
€XXHOCTb PEMOHTHO-BOCCTAHOBUTESbHbIX MPOLECCOB.

OpHUM M3 KNIOYEBbIX NOAXOA0B K TAKOW OLEHKE fBMAETCA 1C-
Nnofib30BaHWe MHTerpanbHOro opraHn3aunoHHO-TEXHOMOrnYe-
CKOro nokasatensi Hafe>XXHoCTW, KOTOPbIN y4UTbIBAET COBOKYM-
HOCTb (PaKTOPOB, BAUSAIOLLMX HA 3DPEKTUBHOCTb NPOBEAEHHbIX
PEMOHTHbIX paboT. [JaHHbIA nokasaresib NO3BONAET KONNYECT-
BEHHO OLEHUTb BAMSAHWE OPraHN3aumOHHbIX, TEXHONIOrNYEeCKUX
N 9KOHOMMUYECKMX (haKTOPOB Ha HaAEXHOCTb mpoLuecca, Bbl-
ABUTb MPOGNEMHbIE MecTa B CUCTEME YrpaBieHUs] PEMOHTOM
1 MPOrHO3MPOBaTh MEXPEMOHTHbIE CPOKMU.

B paHHOM cTaTbe NpeAcTaBneHa MeToamka pacyera nHrerpanb-
HOro MokasaTens opraHM3aLUMOHHO-TEXHONIOrMYECKOro Moka-
3aTens HageXHOCTU PEMOHTHO-BOCCTAHOBUTESbHbIX MpoLec-
COB, OCHOBaHHas Ha KOMIMJIEKCHOM y4eTe MHOXeCTBa (haKTopoB
1 nx BecomocTtu. PagpaboTka gaHHOM MeToAMKM MO3BOMMUT MO-
BbICUTb OOBLEKTUBHOCTb OLIEHKN HAAEXHOCTU PEMOHTHBIX MPO-
L|leccoB, ONTUMU3MPOBATb pacrnpepeneHe pecypcoB, YyBeNN4nTb
CPOK cny>X6bl 30aHWI 3a CYET paLMOHaNIbHOro MiaHNPOBaHNUS
PEMOHTHbIX MepoNpUATUIA. MNpeanoXeHHbIN NOAX0H MOXET OblTb
MCMOJb30BaH Kak Nnpv NMPOEKTUPOBaHUN PEMOHTHbIX paboT, Tak
M Npu UX aHanm3e 1 COBEpPLUEHCTBOBaHUM B XO4e JKcrnnyarta-
UMn 3gaHun.

PaspaboTtaHHas HenmpoceTeBas MOAESb UCMOSb3YeT MHOMOCON-
HbI NOAX0A C (PYHKLMEN aKTUBaLMKN B CKPbITbIX CMOAX U CUT-
Mouay B BbIXOOAHOM croe. BxogHble gaHHble HopManuaytoTcs
1 o6pabaTbiBalOTCA C MOMOLLLIO METO4A 06pPaTHOro pacnpocTpa-
HEHMS OLUMGKN, YTO MO3BOJSIET MOBLICUTL TOYHOCTb MPOrHO3M-
POBaHUS MEXPEMOHTHBIX CPOKOB W OLIEHKM 3KCMyaTaLnoHHON
HaJeXHOCTW 30aHus.

KnroueBble cnoBa: HafeXXHOCTb 34aHUN, MEXPEMOHTHBIV CPOK,
rnokaaartesib OpraH13alynoHHO-TEXHOIOrMYECKON Ha[exXHOCTH,
HevipoceTeBasi MofeJlb, PEMOHTHO-BOCCTaHOBUTE IbHbIV MpoLecc
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An interdisciplinary approach to lifecycle
management of university campus facilities

This article is a continuation of the series of publications devoted to the program creation of university campus-
es, which are one of the main drivers of scientific and technological development and training of highly qualified
personnel today.

In the previous publications in this area, the author investigated the possibilities of using “Educational and tech-
nological conditions” as a new type of engineering parameters-measurers of the material and spatial environ-
ment, “Educational and technological task” as a new type of document that is part of the design task or part
of the contract for the provision of services for the management or technical operation of capital construction
of campuses, “Combinatorial matrix” as an institute for the development of university campuses within the frame-
work of the program for the development of university campuses.

In this article, the author has identified and analyzed some features of defining the life cycle of capital construction ob-
jects of university campuses and their life cycle management. The author assessed the degree of influence of these
features on different stages of the life cycle, depending simultaneously on the goals of national projects in the field
of personnel training, and simultaneously on the material and technical base of educational organizations of higher
education. The increasing emphasis of this direction is determined by the great challenges facing the Russian econ-
omy at the moment in the field of technological development. Science and technology get a new role as fundamen-
tal elements in solving many national and global problems. The article also reveals some approaches to the organiza-
tion of educational environment, changing in the conditions of transition from post-industrial to information economy.
Keywords: Life cycle, life cycle management, university campuses, material-spatial environment, socio-
economic effects, analytical indicators, interdisciplinary approach

INTRODUCTION and managing campus facilities throughout their life
cycle. For example, according to', the life cycle
of a capital construction object is the period of the ob-
ject's existence, during which engineering surveys,
design, construction, technical re-equipment, recon-
struction of linear objects, reconstruction of capital
construction objects, major repairs of capital con-
struction objects, major repairs of linear objects,
and liquidation of the object are carried out. But this
definition does not allow to reveal the variety of goals,
objectives, development prospects facing the univer-
sity at the pre-project stage, at the stage of prepara-
tion of design solutions, during construction and es-
pecially during the period of functioning. After all, here
will necessarily be present the formation of plans
for the development of the territory, ideas on the grad-
ual increase in the number of graduates, vision
of the development of research tasks to be solved, op-
tions for ways to manage the real estate complex
and much more.

In systems engineering (GOST R 57193-20162)
there is a more precise definition of the life cycle as
the development of an object system from the origin
of an idea to its realization®. And within the frame-
work of the system approach to technology, we can
emphasize the principles that form the basis
of the life cycle:

1. Within the life of the object, its development,

the activity on life cycle management of capital

construction objects of various functional purpos-
es. Its basis is formed by the goals of the owner
of objects, and these goals are not constant, but
on the contrary, can change dramatically during
the existence of the object. The goals may have dif-
ferent orientations, ways of achievement, required
costs and degrees of influence of the object, its char-
acteristics and properties. Managing the life cycle
of real estate objects is an important and urgent task,
because real estate plays a key role in the economy
and society [1]. Buildings, structures, infrastructure
with different parameters and characteristics, exist
for a long time and go through different stages
of the life cycle also differently. It is obvious that each
stage of the life cycle of the object, especially if it is
a multi or even multifunctional object, will correspond
to characteristic goals and objectives. In general, all
stages can be considered as a process of object de-
velopment aimed at improving its efficiency and con-
sumer appeal within the framework of change man-
agement.

In recent years, the world is actively developing

FEATURES OF THE LIFE CYCLE
OF UNIVERSITY CAMPUS FACILITIES

A specialized, safe, efficient, and comfortable
physical and spatial environment plays a major role
in the life of university campuses. All these features
aim to maximize the outcome of owning

change, including the change of investment priority
is carried out.

2. At each stage of the life cycle of the construc-
tion object the corresponding engineering life support

1 GOST R 58179-2018. Engineering in construction. Terms and definitions. dated 16.07.2018.
2 GOST R 57193-2016. Systems and software engineering. System life cycle processes.
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systems should be realized. Only with this approach it will be possible
to realize the desired result.

3. Manufacturability, usability and maintainability, as well as
waste utilization should be envisaged and practically implemented
at specific stages of the life cycle.

4. Transition to the next stage of the life cycle of the construc-
tion object is necessary only when all the goals of the current stage
are achieved [2].

The key concept in this case is the material-spatial environment
of an educational organization. This is a set of material objects
of the educational environment in a limited space, providing neces-
sary and sufficient conditions for the realization of one or more
functions provided by the educational technology in this space [3].
In the functional sense, the university campus is essentially a single
material-spatial environment. It is united with the city, with industry,
with local business.

In turn, the term “educational environment” is currently also un-
dergoing changes. If initially the educational environment was sup-
posed to be a favorable or well-appointed, providing external
and internal conditions for achieving the goals of the educational
process, now it is defined as a set of opportunities for personal
development arising from its interaction with its social and spatial-
subject environment®. In addition, there is a technologization
of the concept due to the introduction of modern technologies
of learning and development, due to the fact that all subjects of ed-
ucational activity and external partners interact in the conditions
of informatization, as well as other effective organizational and tech-
nological mechanisms and tools for this interaction. Thus, we see
the educational environment of the university as a complexly organ-
ized system, depending on a variety of factors, a significant part
of which is material and spatial in nature.

In the conditions of generation of new development goals,
the value of educational space as a social system becomes more
important [4]. The need for such changes logically follows from
the processes that occur in society and economy. The fourth indus-
trial revolution requires the acquisition by specialists of competen-
cies corresponding to the demands of the digital economy [5].

According to the report “University campuses and the city: coop-
eration for the sake of competitiveness”, a campus is a set of objects
that perform educational, research and innovation, as well as service
functions, infrastructural issues of university development, models
of interaction between universities and territories of presence. There-
fore, let us note once again that the concept of “campus” correlates
with the concept of “material-spatial environment”.

The elements of the material-spatial environment, which includes
the educational process, are the building itself, its premises, structures
and design of premises, engineering systems and equipment provid-
ing internal microclimate, low-current networks, functional, educational
and technological equipment. Accordingly, the material and spatial
environment is formed on the basis of the campus as a “object” de-
fined in time and space, and includes subjects (all participants
of the educational and scientific process), partners (from the region,
business), infrastructure, environment (social and material-spatial)
and all the tools and mechanisms of interaction. At the same time, it is

not an established system even for the time being, as its transforma-
tions are associated with the constant search and implementation
in practice of new technologies and methods of organization of educa-
tional and research processes. Thus, speaking about the life cycle
of university campus objects, we talk about the life cycle of a multi-
functional, dynamic material-spatial environment.

NEW INSTITUTIONAL ENVIRONMENT
AS A LIFE CYCLE MANAGEMENT GOAL

Today, higher education organizations are moving towards Edu-
cation 3.0 and include innovative activities in their agenda (Univer-
sity 3.0). The list of educational technologies that are used
in the learning process is noticeably expanding. Many of them have
already been described in previous publications. But it is neces-
sary to note the technologies that require the device of special
spaces. These are virtual educational laboratories, inverted learn-
ing, hybrid formats, collaborative centers, spaces for teamwork,
demonstration areas for industrial development of the results of re-
search, development and technological works, laboratories with
the possibility of live broadcasting of experiments, AR, VR-labs,
additive laboratories, robotized laboratories, etc.

Unfortunately, the existing outdated infrastructure and facilities
of many universities do not meet modern requirements, and some-
times are not suitable at all. Meanwhile, in the conditions of implemen-
tation of the campus program, or simply reconstruction or overhaul
of buildings of other educational organizations, there is an opportunity
to provide in advance and justify the necessary parameters for the cre-
ation of a modern material and spatial environment.

For example, a specialized material-spatial environment with
a practical orientation of educational and scientific processes pro-
vides the opportunity to: create and work in appropriate scientific
laboratories to test technological hypotheses; expand the network
of departments; create collaborative centers, collaborative spaces,
digital departments, and advanced engineering schools in simu-
lated, multifunctional spaces; make digital content and live stream-
ing of experiments available to the public; and provide accessibility
of digital content and live streaming of experiments to the public.

The effective functioning of the subjects of technological devel-
opment described above requires a qualitatively new institutional
environment, which will include:

e institutions to support their own lines of technology develop-
ment, including collective use centers for research and devel-
opment infrastructure, testing and trials;

e contractual forms of integration of research and development
and production and technological activities, realization
of public-private partnerships;

e digital platforms and information services to ensure network-
ing of subjects of technological development.

If the Concept* defines key educational organizations of higher
education and research centers as the driver of technological de-
velopment of the Russian Federation, then, taking into account
the demand for a new institutional environment, it is more accurate
to call the concept of modern university campuses as the driver
of technological development®.

3 University campuses and the city: cooperation for the sake of competitiveness, August 2021. VEB RF University. Center for Strategic Research. URL: https://www.csr.ru/upload/

iblock/3f0/kbpm276p3taubknlzdla3d6ozz0fveOe.pdf (rus.).

4 Concept of Technological Development for the period until 2030. Approved by the Order of the Government of the Russian Federation dated May 20, 2023. No. 1315-r. URL:

tatic.government.ru/media/files/KIJ6A00ATK5 t8AWI3NfRGEP80IbBp18F.pdf (rus.).

5 Standard of Innovative Educational Environment (Campuses) (approved by the Ministry of Science and Higher Education of the Russian Federation on May 8, 2024). URL:
https://www.consultant.ru/cons/cgi/online.cgi?req=doc&base=EXP&n=854557#MN2KbeUroCluLXnY (rus).
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Based on the definition of innovation projects?, the campus can be
conditionally equated to an innovation project in general, and in par-
ticular — to the environment for creating innovations necessary for sci-
entific and technological development of the country. Since on the ba-
sis of the campus it is possible to create a kind of innovation
and technology centers aimed at increasing the investment attractive-
ness of research and development, commercialization of their results,
as well as expanding the access of citizens and legal entities to par-
ticipate in promising scientific and scientific-technical projects.

The following tasks set before the participants of the campus
program by the Ministry of Education and Science in the conditions
of digitalization of the economy can be highlighted:

e using high technologies (listed in the White Paper) in the edu-

cational process: artificial intelligence, VR/AR, blockchain, etc.;

e training of personnel for high-tech industries;

e providing conditions for conducting research and development
in priority areas of scientific and technological development of
the Russian Federation, the list of critical technologies of the Rus-
sian Federation, and other areas of research and development;

e ensuring the implementation of activities within the framework
of national and federal projects;

e ensuring conditions for the implementation of indicators
of target models of educational organizations;

e ensuring conditions for personnel training in accordance with
the goals of the regional socio-economic development strat-
egy and the needs of strategic projects;

e ensuring the possibility of implementing educational pro-
grams using practical training together with industry leaders
or industrial partners, network educational programs;

e providing opportunities to create RID and high-tech products;

e creating conditions and providing opportunities for testing
new technologies and creating university startup projects;

e providing comfortable living and learning conditions;

e ensuring the creation of innovative products, technologies, pat-
ents on the basis of the research infrastructure of the campus;

e providing the possibility of creating (placing) on the territory
of structural subdivisions of educational organizations togeth-
er with external partners®.

The stakeholders of the campus program are also: city, region,
concessionaires, industries and business — all of them should
eventually find themselves embedded in a new institutional environ-
ment that will contribute to solving the problems of technological
development.

SOCIO-ECONOMIC EFFECTS AND ANALYTICAL
INDICATORS AS CRITERIA FOR ASSESSING
THE EFFECTIVENESS OF LIFE CYCLE MANAGEMENT

According to Annex No. 1 of the Order of the Ministry of Educa-
tion and Science of Russia No. 293-Z of 26.07.2023° the partici-
pants of the campus program should provide a number of socio-
economic effects and analytical indicators of national, regional
and institutional levels, which are used to assess the effectiveness
of the material and spatial environment and management mecha-
nisms of the created campuses. It is necessary to mention here
the significant role of the created conditions for cooperation,

additional jobs, etc., as well as the criteria of the top-performing
campuses.

It is also worth mentioning the criteria of the top 500 global
rankings of universities, correlated with the effects that are declared
for analysis and control:

e reputation of the institution in the academic environment;

e reputation among employers;

® employment;

e sustainability. This indicator reflects how much attention uni-
versities pay attention to the problems of environment and di-
versity’.

As part of the study, four categories were identified to systema-

tize and evaluate the criteria:

1. Collaboration — the possibility to organize joint projects with
partner organizations on campus. Important conditions for the im-
plementation of this cooperation are the provision of material
and spatial environment in terms of appropriate spaces and equip-
ment, where it is possible to organize students' project activities,
implement commissioned scientific research, etc. (including rent).
(including rent).

2. Jobs — the ability to employ junior scientific and teaching
staff in laboratories and other campus units, to conduct retraining
programs on “order” from the city or region, and to provide new
jobs in some way related to the functioning of the campus in the city
or region. An important prerequisite is the reasonable enlargement
or modification of spaces for research and development and re-
training programs to expand the functions of the campus.

3. Practice-oriented — an opportunity to update some curricula
taking into account current technologies and directions of scientific
and technological research, to provide orders for research and devel-
opment of scientific units of the campus under the condition of close
cooperation with partner organizations. An important condition is
a well-designed material and spatial environment with the necessary
equipped spaces for the implementation of programs and research.

4. Prestige — the opportunity to attract students, graduate
students and staff to study or work on campus. An important con-
dition is again a comfortable, modern material-spatial environment
that provides the necessary conditions for studying, living
and working.

From the whole list of relevant socio-economic effects and ana-
lytical indicators of national, regional and institutional levels, the fol-
lowing were selected and systematized into four categories (Table).
The table also summarizes some proposed ways to achieve the se-
lected effects and indicators.

As it follows from the table, more significant effects and their
greater number can be achieved through the creation and manage-
ment of modern material-spatial environments. But we need to be
clear that these are not just new premises, but elements of multifunc-
tional and high-tech environments. This is even more difficult
to achieve against the background of the fact that the share of the to-
tal area of the commissioned per year total area of teaching and lab-
oratory buildings of educational organizations of higher education,
increased more than fourfold over the past three years, and the ef-
fective teaching space per student is steadily decreasing [6].
And this trend is inherent in state, municipal and private organiza-
tions.

6 On approval of the list of socio-economic effects and analytical indicators of the national, regional and institutional levels and methods for calculating socio-economic effects (an-
alytical indicators) for assessing campuses of the federal project “Creation of a network of modern campuses” : Order of the Ministry of Education and Science of Russia dated July 26, 2023.

No. 293-r.

7 Top 500 World Universities By Nation, 2023. URL: tats/stats_unitopnbr_2023.htm (rus.).
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Systematization of socio-economic effects and analytical indicators of the Campus Program by category

Cooperation Workplaces Practice-orientedness Prestige

Properly designed material and spatial en-
vironment provides conditions for the re-
alization of joint projects with partners

Through new laboratories and pro-
jects with partners, there is an oppor-
tunity to increase the number of jobs

Partnership projects provide an increase
in the number of practical tasks

Attractive MPS and improve cam-
pus reputation by ensuring
the previous 3 criteria are met

No. 2. Change in the volume of expendi-
tures of campus resident organizations
on research and development

No. 3. Change in the number of full-
time equivalent researchers

No. 9. Change in the number of employed
in high-tech and knowledge-intensive in-
dustries

No. 6. Presence in the top
500 global university rankings

No. 3. Change in the number of full-time
equivalent researchers

No. 10. Change in the number
of outgoing population in the entity
in which the campus is located

No. 28. Change in the number of structural
units providing practical training for stu-
dents established with partners

No. 10. Change in the number
of outgoing population in the enti-
ty in which the campus is located

No. 5. Change in the number of patent
and invention applications from campus
residents

No. 25. Change in the number
of postgraduate students and young
scientists

No. 42. Change in the number of students
systematically engaged in scientific and re-
search activities

No. 27. Change in the number
of students in the youth tourism
program

No. 6. Presence in the top 500 global
university rankings

No. 42. Change in the number
of students systematically engaged
in scientific and research activities

No. 44. Change in the number of students
who completed final qualification work
in the form of startup projects

No. 28. Change in the number

of structural units providing prac-
tical training for students estab-
lished with partners

No. 13. Change in the share of products
of high-tech and knowledge-intensive in-
dustries

No. 43. Change in the share of sci-
entific and pedagogical employees
under 39 years of age

No. 43. Change in the share
of scientific and pedagogical em-
ployees under 39 years of age

No. 28. Change in the number of struc-
tural units providing practical training
for students established with partners

No. 9. Change in the number of em-
ployed in high-tech and knowledge- - -
intensive industries

No. 20. Extrabudgetary funding - - _

No. 25. Change in the number of post-
graduate students and young scientists

AN INTERDISCIPLINARY APPROACH TO CAMPUS
LIFECYCLE MANAGEMENT

the transition to the concept of University 3.0, in which the univer-
sity is engaged in innovative activities in addition to education
and science [7].

Overcoming infrastructural constraints - the environment is de-
signed to solve all the infrastructural problems of the campus;
the availability of convenient and relevant infrastructure, as well as
inclusion in the urban and regional environment is a necessary con-
dition for the sustainable development of the campus and the reali-
zation of the stated goals on its site®.

In conclusion, we would like to offer the author's interpretation
of the concept “Life cycle of university campus facilities” — it is
“the period during which the interrelated development of campus
facilities is carried out, integrating its various states, stable in time,
for effective and safe functioning, starting from the moment
of the need for them and ending with the full completion of work
with them”.

Solutions to the problems described above are certainly found
in a variety of areas, ranging from pedagogy to research funding.

Let us focus on analyzing the impact of the physical and spatial
environment on campus program participants and suggest ways
to competently and reasonably create and manage it in the context
of higher education system development. This requires an interdis-
ciplinary approach: we need to combine knowledge in economics,
ergonomics, design, construction, pedagogy, psychology, and op-
erations.

Modern universities are the driver of technological develop-
ment, but on the way of their development there are various limita-
tions and problems, which can be conditionally divided by the ele-
ments of the educational environment: “subjective”, “partnership”,
“infrastructural”. Let us consider how the management of the mate-
rial-spatial environment can contribute to overcoming these limita-
tions.

CONCLUSIONS

Overcoming subjective limitations — a well-designed environ-
ment covers the needs of students in a comfortable university envi-
ronment for study and life; it provides conditions for innovation
and entrepreneurial activity, conducting relevant research
and building a model of technological processes within the univer-
sity, imitating real production; due to this, there is a probability
of new jobs for yesterday's graduates, who will be interested in con-
tinuing their scientific activities and work on the campus.

Overcoming partnership limitations — a well-designed environ-
ment will allow launching joint projects on campus, which promotes

Modern higher education organizations must meet the current
realities of the life style and the system in which modern specialists
work, including those employed in high-tech industries and en-
gaged in the development of critical and end-to-end technologies.
And this happens only when holistic education includes training,
projects, comfortable life and competence development.

How can the management of the material and spatial environ-
ment of campuses approach the solution of the tasks of scientific
and technological development? A one-syllable answer to this
question is as follows: thanks to it, adaptability and sustainability
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are ensured, i.e. there is a clear understanding of which elements
of the material-spatial environment are necessary for specific edu-
cational or research purposes today, which elements can be re-
placed, removed or appear later.
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Methodology for calculating the production
cycle in industrial real estate construction
taking into account ecological aspects

Ecology is a science that encompasses the existing connections between humans and the environment. Eco-
logical relationships are distinguished not only by their diversity but also by their complexity. Their characteristic
feature is that many of them cannot be studied using traditional methods. As a result, many types of natural re-
sources suffer irreparable damage.

Construction most actively interferes with established natural processes.

The most important disruptions to the natural environment during the construction process include: loss of vege-
tation layer due to large volumes of earthworks; deforestation and clearing of greenery, disturbance of fauna and
flora development conditions, as well as the upper soil cover; changes in groundwater levels causing flooding of
agricultural land and populated areas.

Currently, there is a reduction in landscape disruption, water and wind regimes, damage to soil and vegetation
cover, pollution of water and air basins, atmosphere and soil cover, and noise and light effects are being miti-
gated. During the construction process, violations in the natural environment are restored through reclamation of
disturbed lands, preservation and reuse of the humus layer; necessary treatment facilities and air purification in-
stallations; creation of protective dams, use of unsuitable and swampy areas for construction development; pres-
ervation of the natural regime of rivers and landscape; maintaining proper order in the territory used by construc-
tion organizations, construction industry enterprises, and building materials industry; prevention of contamination
of the territory with by-products and production waste.
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I. The GENERAL PART

The construction system, from the perspec-
tive of social division of labour, develops in
accordance with the nature of the function-
ing of national economy sectors. Hence, the or-
ganization of environmental protection is carried
out in two directions: first, construction objects of
the main industries are equipped with modern
technical means ensuring environmental protec-
tion; second, territorial concentration of construc-
tion is implemented, contributing to the wide-
spread use of special large facilities for the protec-
tion of the natural environment and the economic
use of its components [1].

Increasing complexity in the development of
construction leads to more efficient use of local re-
sources and protection of the natural environment.
It is necessary to implement progressive forms of
organizing associated productions and to rationally
locate them, taking into account production and
economic connections.

The most significant factor limiting the formation
of new construction is land use. The size of the ter-
ritory for development is strictly limited. In the near
future, the possibility of alienating land from agricul-
tural circulation for industrial development will be
completely excluded. In connection with this, exten-
sive work is being carried out to identify reserve ter-
ritories in cities, urban-type settlements, and villag-
es by analyzing the density of residential and
industrial development. Inventory data are taken
into account in the process of construction prepara-
tion. The task of construction is the timely and

complete implementation of all special technical
means of environmental protection at facilities [2, 3].

Il. LAND RESOURCES AND EFFICIENCY
OF THEIR USE FOR DEVELOPMENT

The territorial orientation of construction infra-
structure determines the need for rational land use.

In order to increase the achieved level of terri-
tory use within the boundaries of cities and enter-
prises, sands, land plots overgrown with shrubs,
peatlands, ravine areas, and marshes should be
used. Reserve land plots are located in areas incon-
venient for construction on uneven terrain, marshes,
etc. Construction polygons, bases, warehouses,
etc. can be located on these sites in the process of
preparing them for development [4].

It is advisable to identify and study reserve ter-
ritories for construction according to the following
methodology. Data on free territories in cities and
other settlements that can be used for construction
are accumulated in the form of reference catalogs
(passports) of reserve sites. The passport of each
construction site is developed based on data from
schemes and projects of district planning, master
plans of settlements, materials from municipal land
authorities, state supervision bodies (water, sani-
tary, etc.), as well as on the basis of schemes of
master plans for industrial enterprises and their
complexes [5].

Each construction site has specific placement
conditions, so the correct choice of construction
points significantly affects the efficiency of capital
investments.
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The compilation of the list of sites is carried out in two stages.
At the first stage, construction sites are identified based on the gen-
eral labour and other resources of the area under consideration, as
well as the existing placement of industry and transport. Sites with
an area of over 10 hectares and located no more than 10-15 km
from railways, settlements, and water supply sources are consid-
ered promising. The area of the certification site should be at least
5 hectares.

For each site, indicators of economic efficiency for develop-
ment are determined for all possible levels of need for multipurpose
resources [6].

The following constraint must be observed:

M, < Ry, (1)

where M, is the set of possible needs for the i-th resource; R is
the availability of the i-th resource for the k-th site in natural meas-
urements (f, m3).

Based on the above calculations, the list of sites is ranked by
the minimum amount of reduced costs for their preparation and
transfer for development.

lll. ECONOMICS OF CONSTRUCTION PRODUCTION

The production program is the main part of the work plan for
each development company [7].

At the same time, the nomenclature of construction production in
development activities is very extensive. The quantitative character-
istic of objects being built simultaneously according to several pro-
jects is given in units of measurement of their main features: area,
capacity, etc. Their natural measurers are: m?, t, pcs., etc.
The capacity of the created production facilities, for example, a ce-
ment plant, is measured in thousands of tons of cement output per
year.

The entire volume of construction products can be combined
only in monetary terms (in rubles). Estimated prices are used to ac-
count for construction products.

The indicator of readiness of construction objects K,;, %, char-
acterizes the level of readiness of the object for commissioning and
is determined by the formula:

K, = Oy/0,, - 100 - 100. @)

where O,; is the volume of contract works submitted to the custom-
er from the beginning of construction of the object until the begin-
ning or end of the planned year, thousand rubles; O, is the esti-
mated cost of construction and installation works of the object,
thousand rubles [8].

The indicator of contract work volumes submitted to the cus-
tomer B, %, characterizing the volume of construction and instal-
lation works performed for the stage, start-up complex, object and
submitted at the beginning or to be submitted at the end of
the planned year, in the total estimated cost of construction and
installation works of the object, stage, or start-up complex, is deter-
mined by the formula:

B,; = Og/0,, - 100 - 100. (3)

where Oy, is the volume of contract works submitted to the custom-
er from the beginning of construction to the beginning of
the planned year and to be submitted at the end of the planned
year, thousand rubles [9].

The indicator of incomplete construction production Z,, is de-
fined as the difference between the indicators of construction read-
iness of the object K,; and the indicator of contract work volumes
submitted to the customer B,;:

Z,=K, =B, (4)

IV. DEVELOPMENT OF The CONTRACTOR'S WORK PLAN
BY The DEVELOPER-BUILDER

In accordance with the standards of construction duration,
the plan for commissioning production capacities and facilities is
broken down by quarters, and title lists are reviewed. Backlog
standards serve as the initial basis for planning the volumes of con-
struction and installation works for delivered and transitional con-
struction objects, planning incomplete construction production,
and distributing the plan by quarters [10].

When developing the plan for co ntract construction and instal-
lation works, the standards of construction duration, backlog stand-
ards for the construction of objects in various industries, and esti-
mated standards are used.

The indicator of the volume of construction and installation
works for the construction organization is calculated. This indicator
serves as the basis for determining: the consolidated need of this
organization for material and technical resources, the size of
the wage fund, working capital, and loans. Commissioning and
work volumes are established for each object by quarters. A state-
ment of work volumes in natural measurers by objects is attached
to the construction production plan [11].

When drawing up the annual production program of a contract-
ing organization, special attention must be paid to creating an opti-
mal construction backlog. In construction, which is characterized
by a long production cycle, there is a natural need to create back-
logs that ensure the normal functioning of technological processes.
Construction backlog is a specific concept that characterizes
the degree of preparation of construction conditions and ensuring
the continuity of the construction backlog process; it is measured
by physical and cost indicators, which are standardized in relation
to the natural and sectoral features of construction [12].

In industrial construction, the backlog is determined for indi-
vidual enterprises, their stages, and start-up complexes.

The main indicators of the regulatory backlog are: readiness of
the construction object for commissioning; intermediate commis-
sioning of technological stages and work packages; remainder of
the regulatory backlog at the end of the quarter.

The readiness of the object (U,, %), is determined by the ratio
of the volume of capital investments realized from the beginning of
construction to the end of the quarter, K, to its estimated cost:

U, = K,/S, - 100. ()

The intermediate commissioning of technological stages and
work complexes at the end of the quarter M,, %, is determined by
the ratio of the estimated cost of their part to be commissioned for
the period from the beginning of construction to the end of the giv-
en quarter M, to their total estimated cost S,:

M, = MJS, - 100. (6)

The remainder of the regulatory backlog is the difference be-
tween the readiness of the object U, and the intermediate
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commissioning of fixed assets for this object M,. The absolute val-
ue of the backlog at the end of the quarter is expressed by the dif-
ference between the volume of capital investments realized since
the beginning of construction and the cost of fixed assets put into
operation during this period.

When compiling operational, tactical, and strategic planning of
capital investments for industrial construction and non- production
facilities, the backlog can be determined using the following meth-
odology: the backlog is calculated by the capacity of the enterprise
or facility, the commissioning of which will ensure the implementa-
tion of the normative duration of their construction; the norm of
backlog readiness; the relative size of incomplete construction.
The value of the backlog by the capacity of enterprises or construc-
tion objects, the completion of which will allow putting them into
operation in accordance with the normative terms of construction
duration. The norm of the backlog by capacity is equal to the prod-
uct of its average annual size, envisaged for commissioning over
a number of years, by the average normative duration of construc-
tion of enterprises in the backlog. The ratio of the difference be-
tween the total design capacity of enterprises under construction
and their commissioned capacity to the capacity planned for com-
missioning in the upcoming period by industry [13]. The indicator of
the readiness of the construction backlog reflects the volumes of
capital investments that should be realized in the normative terms
for backlog construction sites. It is defined as the ratio of capital
investments that should be mastered on backlog objects to the es-
timated cost of these objects without the cost of previously commis-
sioned main stages. The norm of object readiness N, is equal to:

_ Ko =Ky —Kp

N =2 P
95,55,

- 100, (7)
where K, K; and K, are capital investments, respectively total at
the date of determining the backlog, realized on commissioned
funds from the composition of backlog construction, on auxiliary and
service objects from backlog construction; S, S, S, are the estimated
cost, respectively full at the date of determining the backlog, of com-
missioned funds from the backlog and other objects [14].

The backlog for capital investments is expressed by the follow-
ing relationship:

Z, = (B,G, + B,G, + B3G, + B,G,)/100, (8)

where Z, is the backlog according to the estimated cost of residen-
tial buildings planned for delivery next year, %; B, B,, By and B, are
the distribution of the total area of housing commissioned respec-
tively by quarters of the year, %; G;, G,, Gy and G, are the readiness
of houses by the end of the year, ensuring their commissioning in
the corresponding quarters, %.

The backlog for the total area of houses Z,, %, is determined by
the formula:

Zp:Z(Bl‘FBZ"‘m +B,_,)/S, ©)

where By, B,, ..., Bi_; are the total area of houses put into operation
during 1, 2, ..., months, starting from the first month, ml; (i-1) is
the duration of construction of one house, months; S is the total ar-
ea of houses put into operation in the calculated period, ml.

The volume of incomplete construction production for works
performed by own forces at the end of the planning period,
Qown.epp. 1S determined by the formula:

(10)

Qown.e.p.p = Qown.b.p.p + Qown.c.w_ Qawn.c.p'

where Qq,,, 5 5,1 the volume of incomplete construction production
for works performed by own forces at the beginning of the planning
period; Q,,, .. iS the volume of contract works performed at
the construction of an enterprise or object in the planning period by
own forces; Qg,,  , is the volume of commercial construction prod-
ucts for the enterprise or object, performed by own forces, to be
delivered to the customer in the planning period.

The total volume of incomplete construction production for
the enterprise under construction, the start-up complex, or the ob-
ject at the end of the planning period Q is determined by

total.e.p.p
the formula:
Qtotal,e.p.p = QtotaLb.p.p + QOW!LC.W + qub - Qtuta/.cp' (11)
where Q145 1S the total volume of incomplete construction pro-

duction at the beginning of the planning period; Q,,, ., is the vol-
ume of contract works performed at the construction of an enter-
prise or object in the planning period by own forces; Q,,, is
the volume of commercial construction products accepted in
the planning period Q. ., Of CoOnstruction products planned to be
delivered to the customer in the planning period.

The total volume of incomplete construction production record-
ed on the balance sheet of the contracting organization at the end
of the planning period Q;yy 4 » IS determined by the formula:

Qtota/.b.e.p = Qtota/.e.p.p_ Qw.p' (12)

where Q, , is the estimated cost of construction and installation
works performed at the beginning of the planning period under
general and direct contracts (including the volumes of work per-
formed by subcontracting organizations) and delivered to the cus-
tomer.

V. SYSTEM OF INDICATORS OF The VOLUME
OF CONSTRUCTION PRODUCTION PRODUCTS

The system of cost indicators of the volume of construction
products used in the planning and accounting of construction pro-
duction is formed based on economic, organizational, and other
features of capital construction. These primarily include the struc-
ture of construction activities, the measure of participation in pro-
duction, forms of specialization, the system of contractual relations,
sources of financing, forms of subordination, territorial placement,
features of the technology of construction production, etc. [15].

Taking into account the features of the organization and func-
tioning of capital construction noted above, the system of indicators
of the volume of construction production products is formed ac-
cording to the following main characteristics:

1. By stages of construction activity:

e produced construction products;
e commercial construction products.
2. By the nature of contractual relations:
e construction products under general contracts;
e construction products under direct contracts;
e construction products under subcontracts.
3. By sources of financing at the expense of:
e state capital investments;
e public-private partnership funds;
e specialized funds;
e population funds;
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e funds from authorized regional and territorial sources of fi-
nancing.

4. By the nature of participation in cooperative construction pro-
duction:

e construction products produced by the contractor's own
forces;

e construction products of involved organizations;

e construction products produced economically.

5. By subordination and territorial placement of products pro-
duced by own forces (under subcontracting agreements), for or-
ganizations subordinate to:

e their association, construction groups;
e other construction groups.

6. By subordination to the territorial placement of products of
involved organizations, subordinate to:

e their association, construction groups;
e other construction groups.

The results of the work of the developer-builder, as well as con-
struction production as a whole, are characterized by a system of
product indicators, in which construction activities are considered
as a single process of production and implementation (delivery to
customers) of construction products. In accordance with this eco-
nomic content, two subsystems of indicators are formed — the vol-
ume of produced products and the volume of commercial construc-
tion products (delivered to customers), having different economic
meanings and purposes. Indicators of the volume of produced
products characterize the volume of construction production (gross
volume of construction and installation works) regardless of the sale
of products. Indicators of the volume of commercial construction
products are used to assess the final result of the production ac-
tivities of construction companies.

When building large industrial, transport, and other complexes,
dozens of subcontracting organizations participate in the order of
production cooperation. At the same time, subcontractors are re-
sponsible only for the works entrusted to them, while general con-
tractors are responsible for all works at the facility and the construc-
tion site as a whole, i.e., for works performed both by their own
forces and by subcontracting organizations. The peculiarities of
production relations between construction organizations, the nature
of the functions they perform in joint construction find expression in
the system of construction product indicators.

When determining the value of the total volume of commercial
construction products, the finished products of the developer-
builder are taken as a basis.

The stage and complex of works in the composition of this indi-
cator are accounted for:

e the cost of works on start-up complexes and objects deliv-

ered to customers under direct contracts;

¢ the cost of completed complexes of works (on site improve-
ment; works not included in the start-up complex) on previ-
ously delivered special objects to the customer;

e the cost of completed construction and installation works de-
livered to the general contractor at enterprises and objects
under construction under subcontracting agreements;

¢ the cost of completed technical stages delivered to the gen-
eral contractor at objects under construction;

e the cost of works on completed capital repairs of buildings
and structures;

e the cost of other contract works.

VI. FINAL PART

When calculating construction organizations for a finished ob-
ject, the estimated cost for the object is included in the commercial
construction products after the complete completion of its con-
struction in the volume and composition of works provided for by
the project and estimate, and its delivery to the customer. The cost
of works on technological stages and complexes of works is in-
cluded in the commercial construction products of the organization
after their complete completion in the volume and composition pro-
vided for by the estimate.

The composition of realized construction products differs from
the composition of commercial construction products for the cor-
responding period in that the realized construction products do not
include: the volume of works on unfinished objects and completed
but not delivered to the customer objects, volumes of works deliv-
ered to the customer, the construction of which was not provided
for by the plan; the estimated cost of sold products, the proceeds
from which did not arrive at the settlement account by the end of
the planning period.

When determining the volume of realization of construction
products, the full cost of works on completed objects is taken into
account, regardless of when they were started, and not just the cost
of works performed in the reporting period. For example, if some
works on the object were not completed in the preceding period,
then the estimated cost of works on them will not be accounted for
in the organization for this period in the realized products.
In the next reporting period, after the completion of all works on
the object and its acceptance by the customer, the estimated cost
of works of this object (including the result of the previous year) will
be credited to the realized construction products. For example,
the total volume of works delivered to customers for the reporting
period amounted to 16,707 million rubles. The volume of works on
completed and delivered to the customer objects approved for this
reporting year will amount to: 12,500 + 1,134 + 915 + 1,120 = 15,792
million rubles. The realized products did not include: the volume of
completed but not delivered to the customer works on the boiler
house — 440 million rubles, the volume of works delivered to
the customer on a residential house, the construction of which was
not provided for by the plan of the given year — 915 million rubles.

The fulfillment of the plan for the realization of construction
products in the reporting year was: 15,792/16,232 = 97.3 %.

When calculating the volume of these works, double counting
of individual and accepted types of works should be avoided.

REFERENCES

1. Gasanova N.M., Balamirzoev N.L. Planning the development of
construction production in the context of transition to an innovative
economy. Bulletin of RSUH. Series: Economics. Management. Law.
2021; 3-2:198-207. DOI: 10.28995/2073-6304-2021-3-198-207
(rus.).

2. Grabovyy P.G., Baronin S.A., Volgin V.V. Sustainability of industrial
construction in the context of development life cycles of indust-
rial parks. Real Estate: Economics, Management. 2022; 3:11-19.
DOI: 10.22337/2073-8412-2022-3-11-19. EDN TLMRCV.

3. Grabovyy P.G. Economics and Real Estate Management. Part | :
Real Estate Economics Textbook. 4th ed., revised and expanded.
Moscow, “Prosvetitel” Publishing House, ASV Publishing House,
2019; 504. (rus.).

4. Grabovyy P.G. Organization of Construction and Real Estate
Development. Part II: Real Estate Development 4th ed., revised and



HenBvX1MMOCTb: 9KOHOMUKA, ynpaBneHne

MexayHaponHbI Hay4YHO-TEXHUYECKUIA XXypHan

TEXHONOrusl n OPTAHU3ALIA CTPOMTENbLCTBA

#1/2025

47

expanded. Moscow, ASV Publishing House, IIA “Prosvetitel”. 2018;
608. (rus.).

5. Gumba Kh.M., Belyaeva S.V., Vlasenko V.A., Dubrovskaya T.N.,
Karpenko A.A., Uvarova S.S. Construction economics : textbook and
Practicum. Ser. 76 Higher Education (5th ed., revised and expand-
ed). Moscow, 2023. (rus.).

6. Kalmykova E.N., Chirkova E.I. Assessment of the economic ben-
efits of environmental modernization in the construction sector. Actual
problems of economics and management in construction : Materials
of the National (All-Russian) Scientific and Practical Conference.
Saint Petersburg, 2023, 321-332. EDN ZBQAWX.

7. Kisel E.I., Sryvkina L.G. Implementation of ecological principles of
construction production organization. Architectural and construction
complex: problems, prospects, innovations : Electronic collection of
articles of the V International Scientific Conference. Novopolotsk,
2024, 363-368. (rus.).

8. Konovalchikova S.S. Environmental safety as a new constitutional
value. In the collection: Trends in the development of legal science at
the present stage. materials of the V All-Russian Scientific
Conference with international participation. Moscow, 2022; 76-82.
(rus.).

9. Laukhin V.M., Abdrakhimov V.Z. Digital economy in the construc-
tion complex and ecology. Competitiveness in the global world: eco-
nomics, science, technology. 2022; 11:333-336. DOI: 10.55189/
CGW.2022.90.11.003. EDN KSADJV. (rus.).

MeToguka pacyeTa Nnpon3BOACTBEHHOrO
LMKIa NPy CTPOUTENbLCTBE MPOMbILLIIEHHON
HeABUXUMOCTM C YHETOM 3KOJIOrMYecKux
acnekToB

OKomormsa — 3TO Hayka, oxBaTblBalollasi CyLLeCTBYOLLME CBSI-
31 MEXAY YENOBEKOM M OKpY>atoLLen cpedon. DKOMormyeckme
CBA3M OTNIMYAKOTCH He TOSIbKO pasHoo6pasmem, HO U CIOXHO-
cTbio. VX xapakTepHas 0CO6EHHOCTb 3aK/4aeTcs B TOM, 4YTO
MHOIME U3 HNX HE NOAAATCA U3YHEHUIO TPAAULNOHHBIMU METO-
namu. B cB3u ¢ 9TMM MHOrMM Buaam NpupoAHbIX 60raTcTB Ha-
HOCUTCS HEMOMNpPaBMMbIN yLLep6.

CTpOMTeﬂbCTBO Hambonee akTMBHO BMELLMBAETCS B CIOXUBLUN-
ecd npupoaHble npoLecchbl.

K BaXXHenwWwum HapyLleHMAM MPUPOAHOM Cpefbl B npouecce
CTPOUTENBLCTBA OTHOCATCS: MOTEPU PACTUTENBHOMO CNOS B CBSA-
31 C BbIMOSIHEHMEM 60SIbLLNX 06BLEMOB 3EMIIAHbIX Pa60T; BbIPY6-
Ka 3eneHbIX HacaXAeHW 1 neca, HapyLLEHWS YCIOBUIN pa3BUTUS
dayHbl 1 ropbl, a TaKXXe BEPXHEro NOKpoBa Mo4Bbl; UISMEHEHVEe
YPOBHS FPYHTOBbIX BOZ, BbI3bIBalOLLIEE MOATAMNSIMBAHNE CENMbCKO-
XO3AWCTBEHHbIX YrOAUIA N HACENEHHbIX MECT.

B HacTosillee BpeMa yMEHbLIATCA HapylleHus naHplad-
Ta, BOOHOIO W BETPOBOIro pexuma, noBpexaeHne noYyBeHHoro
N pacTUTENIbHOro MOKPOBa, 3arpsi3HEHNE BOLHOIO U BO3AYLLUHO-
ro 6accenHoB, atMocepbl U NOYBEHHOIO MOKPOBA, NoraLlatT-
cAl LWYMOBbIE M CBETOBbIE 3thdhekThl. B npoluiecce cTpontenbcT-
Ba BOCCTAHaBNMBAOTCA [OMYLLEHHbIE HAPYLLEHWS B MPUPOLHOW
cpefe nyTem pekynsTUBaLMN HapyLLEHHbIX 3eMeSlb, COXPaHEHUs
1 NOBTOPHOIo UCMOSb30BaHUA r'yMmyCcoBOro CJios, HGOﬁXO,U,I/IMbIX
OYMCTHBIX COOPY>XEHUI N BO3[YXO0UMLLAIOLLNX YCTAHOBOK; CO-
30aHus 3aLUTHBIX am6b, MCMOSIb30BaHUA NOS CTPOUTENbHYIO 3a-
CTPOIKY HEFOAHbIX Y 6ONOTUCTLIX MECTHOCTEW; COXPaHeHMWs Mpu-
POAHOro pexuma pek 1 naHgwadra; HaBefeHUs: Haanexallero
nopsiaKa Ha TeppUToOpUK, UCMONb3YEMOM CTPOUTESIbHbIMU Opra-
HU3aunamu, npeanpuaTuamMmm CTpOVITeJ'IbHOI7I WHOYCTPUKU U NPO-
MbILLUIEHHOCTM CTPOUTENbHbBIX MaTepuasnos; NpefoTBpaLLeHus
3arpsasHeHns TeppuUToOpUn NMonyTHbLIMU NPOAYKTamMu U OTXO4amun
Npou3BOACTBA.
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Models of integrating social and transport
infrastructure in housing construction in remote
regions: the experience of the republic of Tuva

This paper provides an in-depth analysis of the integration of social and transport infrastructure in housing con-
struction, using the Republic of Tyva as a case study. The region's unique geographical and socioeconomic
conditions necessitate a thorough evaluation of modern infrastructure planning and implementation strategies
for Russia’s remote territories. This study examines contemporary challenges and barriers associated with im-
proving access to social services, ensuring high-quality service provision, establishing transport connectivity,
and fostering sustainable regional development. Special attention is given to innovative models and methodolo-
gies that facilitate the efficient operation of various infrastructure types under current conditions.

The paper analyzes successful projects and initiatives implemented in Tyva, assessing their impact on living
standards and the development of residential construction. Key factors contributing to effective infrastructure in-
tegration are explored, including financial mechanisms, private investment participation, and partnerships with
local governments. Particular emphasis is placed on environmental sustainability and the responsible manage-
ment of natural resources throughout the development of both transport and social infrastructure. Additionally,
the study examines methods for optimizing logistics processes and strategically planning the location of social
infrastructure facilities to enhance accessibility for diverse population groups.

A comprehensive set of recommendations is provided to improve infrastructure integration and planning process-
es, ensuring more efficient resource utilization and advancing key social and economic indicators at the region-
al level. The findings of this research are valuable for professionals in urban and regional planning, infrastructure
project management in remote areas, and government authorities responsible for territorial development strat-
egies.

Keywords: infrastructure integration, residential development in the Republic of Tyva, social and transport infra-
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structure, regional development in remote areas, and architectural planning

The housing construction industry in remote
regions of Russia, such as the Republic
of Tyva, faces distinct challenges due to its
unique geographical features, extreme climatic
conditions, and specific economic and social fac-
tors. The effective development of such territories
requires a comprehensive approach that integrates
social and transport infrastructure systems to en-
sure comfortable living conditions for the popula-
tion while improving their overall quality of life. Mod-
ern infrastructure integration models play a crucial
role in facilitating sustainable territorial develop-
ment, enhancing transport accessibility, and pro-
viding essential social services to residents.

The Republic of Tyva, as a regional center
in Asia, experiences significant transport constraints
alongside underdeveloped social infrastructure.
These factors have a substantial impact on the pace
of housing construction and the overall standard
of living within the region. This paper examines con-
temporary approaches to infrastructure integration,
focusing on housing development in the Republic
of Tyva. The study evaluates existing models, as-
sessing their effectiveness and proposing optimiza-
tion strategies for infrastructure projects to achieve
sustainable development under regional conditions.

THEORETICAL CONCEPTS
OF INFRASTRUCTURE INTEGRATION

The integration of social and transport infra-
structure comprises a set of complex and multidi-
mensional measures aimed at creating favorable

conditions for both population needs and regional
development. Various infrastructure integration ap-
proaches are highlighted in academic literature, in-
cluding functional, spatial, and institutional integra-
tion. Functional integration involves the coordinated
operation of different infrastructure systems to de-
liver comprehensive services to the population.
Spatial integration is based on the strategic plan-
ning of infrastructure facility distribution to maximize
accessibility and usability for residents. Institutional
integration entails collaboration between govern-
ment agencies and private entities to ensure the ef-
fective management of infrastructure projects.
Modern infrastructure integration models align
with the principles of sustainable development by
balancing economic growth with social and environ-
mental considerations. In isolated regions such as
the Republic of Tyva, infrastructure integration serves
as a key mechanism for overcoming geographic iso-
lation, improving quality of life, and stimulating eco-
nomic development. The successful development
and implementation of integration models require
careful consideration of regional characteristics, in-
cluding geographical conditions, demographic
trends, and levels of socio-economic development.

THE UNIQUE CHARACTERISTICS

OF THE REPUBLIC OF TYVA AND
THEIR IMPACT ON INFRASTRUCTURE
INTEGRATION

The Republic of Tyva stands out among Rus-
sian regions due to its strategic geographical
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location, rich cultural heritage, and complex socio-economic land-
scape. Its position in Central Asia presents significant accessibility
challenges, as the region lacks a railway network and faces severe
climatic conditions, including harsh winters in mountainous terrain.
As of 2024, more than 70 % of the region's roads fail to meet com-
pliance standards, exacerbating transport limitations [1].

The social infrastructure system in Tyva also encounters multi-
ple challenges. The shortage of medical facilities is particularly pro-
nounced, with an average of 1,500 residents per doctor in remote
areas, exceeding the national average [2]. According to the Ministry
of Education, over 40 % of schools in the region require major reno-
vations as of 2024 [3]. Additionally, the limited availability of cultural
and sports facilities constrains both recreational opportunities
and the overall development prospects of the local population.

Despite these challenges, the Republic of Tyva continues to im-
plement infrastructure projects aimed at regional development.
The reconstruction of the Kyzyl — Erzin highway was completed
in 2024, reducing travel times by 30 % and improving accessibility
for more than 20,000 residents [4]. The planned construction
of the Kyzyl — Abaza highway, which will connect Tyva with neigh-
boring regions, is expected to create new economic opportunities.
In the healthcare sector, a multifunctional medical centre is set
to be launched in Kyzyl in 2025, projected to serve over 50,000 peo-
ple annually, according to forecasts by the Russian Ministry
of Healthcare.

The sustainable development of Tyva requires an infrastructure
integration strategy that considers the region’s distinctive characteris-
tics. To achieve this, the region must actively attract investment, de-
velop strategic plans based on modern research, and implement in-
novative technologies. The introduction of digital solutions, including
smart city systems and automated monitoring technologies, will sig-
nificantly enhance resource efficiency and improve service quality.

CONTEMPORARY INFRASTRUCTURE INTEGRATION
MODELS FOR REMOTE REGIONS AS PART OF THEIR
DEVELOPMENT FRAMEWORK

The effective integration of social and transportation infrastruc-
ture in the remote regions of the Republic of Tyva requires the adop-
tion of cutting-edge technological solutions. The “smart city” con-
cept represents a modern model that utilizes digital technologies
to manage urban operations, particularly in the areas of transporta-
tion, energy supply, and social services. The implementation of da-
ta monitoring and analysis systems allows for a rapid response
to changing population needs while optimizing resource allocation.

A key example of successful infrastructure integration in Tyva is
the development of a unified transportation and logistics system,
incorporating automated traffic management and transport flow
monitoring. This initiative has resulted in a 25 % reduction in travel
time and a 15 % increase in road safety, contributing to residential
development and overall improvements in the population’s quality
of life [5].

In the social sector, initiatives focus on the expansion of tele-
medicine and distance education, helping to bridge gaps in health-
care and educational services in remote areas. In 2024, Tyva intro-
duced remote medical consultation services, providing over
10,000 residents in isolated regions with access to qualified medi-
cal care [6]. The development of distance learning platforms is also
progressing, ensuring that students and schoolchildren can receive
quality education regardless of their location. In fact, academic per-
formance levels in rural schools improved by 12 % in comparison
to 2023 [7].

The integration of social and transportation infrastructure in Ty-
va also encompasses public space development and urban im-
provement projects. In 2024, the federal programme “Comfortable
Urban Environment” invested in the renovation of parks and public
squares in Kyzyl and other major settlements, enhancing social en-
gagement and improving the overall quality of the urban environ-
ment [8]. These urban development initiatives not only transformed
the appearance of settlements but also created attractive condi-
tions for investment in residential construction.

Achieving long-term positive outcomes from infrastructure inte-
gration requires careful consideration of local population needs
and regional environmental factors. Sustainable infrastructure de-
velopment must incorporate environmental technologies and natu-
ral resource management strategies as core decision-making prin-
ciples. In Tyva, the deployment of renewable energy projects,
including solar and wind power facilities, has reduced dependence
on centralized electricity sources and contributed to environmental
sustainability [9].

The development of remote infrastructure necessitates a com-
prehensive, integrated approach to implementation. Modern tech-
nological advancements and innovative models not only enhance
the quality of life for residents but also stimulate economic growth
by creating jobs and attracting investment to the region. A well-
developed infrastructure framework supports sustainable commu-
nity development, enabling adaptability to changing conditions
while maintaining high living standards for local populations.

CHALLENGES AND BARRIERS TO INFRASTRUCTURE
INTEGRATION IN THE TUVAN REGION

Despite the successful implementation of certain projects,
the Republic of Tyva faces multiple systemic issues that hinder
the effective integration of its social and transportation infrastruc-
ture. The primary challenge today revolves around insufficient fi-
nancial support for infrastructure initiatives. In 2023, funding allo-
cated for essential infrastructure projects in Tyva covered only 60 %
of the required maintenance costs necessary for the region’s sus-
tainable development. This funding shortfall impedes both the mod-
ernization of existing infrastructure and the implementation of new
construction projects.

Another significant challenge stems from the complex topo-
graphical conditions of the region. The combination of mountainous
terrain and harsh climatic conditions substantially increases both
the cost and duration of infrastructure construction projects.
The Kyzyl — Abaza highway project, initially scheduled for comple-
tion in 2025, has already faced delays due to complex engineering
challenges and additional environmental assessments [10].

Labour shortages further exacerbate infrastructure develop-
ment difficulties. The shortage of skilled professionals in the re-
gion’s construction sector slows down project completion times.
According to Rosstat (2024), employment levels in Tyva’s construc-
tion sector are 20 % below the national average, necessitating
the recruitment of workers from other regions, which in turn increas-
es project costs.

The lack of coordination between different levels of government
and limited project management transparency complicates the in-
tegration process. Inadequate cooperation among federal, region-
al, and municipal authorities leads to overlapping responsibilities
and inefficient resource allocation. This issue is particularly evident
in the social sector, where newly constructed facilities often lack
corresponding transportation infrastructure, thereby limiting service
accessibility for the local population.
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Environmental concerns also pose a significant obstacle to in-
frastructure integration. As transportation networks and residential
developments expand, environmental risks such as water contami-
nation and ecosystem degradation become increasingly pressing.
The successful implementation of environmentally friendly tech-
nologies and ongoing environmental monitoring requires additional
financial and organizational support [11].

FUTURE PROSPECTS FOR INFRASTRUCTURE
DEVELOPMENT IN THE REPUBLIC OF TYVA

Effective planning and integration of infrastructure, along with
attracting external investments, play a crucial role in the develop-
ment of Tyva’s social and transportation systems. The successful
implementation of innovative technologies is a key factor in enhanc-
ing both the sustainability and efficiency of regional development.
Infrastructure expansion is a strategic priority that not only improves
the quality of life for the local population but also strengthens Tyva's
integration into Russia’s economic framework.

1. Transportation Infrastructure Development

As part of the federal programme “Comprehensive Development
of Transport Infrastructure in the Republic of Tyva (2024-2030)",
more than 500 km of new roads will be constructed, expanding
the regional highway network by 20 % [12]. A key project involves
the Kyzyl — Krasnoyarsk motorway and the Kyzyl — Kuragino railway
link, which will create the necessary conditions for establishing logis-
tics centres, increase regional cargo traffic by 25 %, and reduce pro-
duction costs by 15 % [13].

The reconstruction of Kyzyl Airport, scheduled to begin in 2024,
includes extending the runway to 3,200 meters and modernizing
passenger terminals. These upgrades will enable the region to ac-
commodate large aircraft, including Boeing 737 and Airbus A320,
thereby improving air transport accessibility.

Additionally, the development of river transportation on the Yenisei
River includes port infrastructure upgrades in Tura and Teele, increas-
ing overall freight capacity by 30 %.

2. Social Infrastructure Enhancement

In 2024, as part of national healthcare and education moderni-
zation projects, Tyva will see the construction of three new medical
centres and five educational facilities. A multi-profile medical centre
equipped with advanced diagnostic technology will be built
in Kyzyl, alongside two new schools and a 300-seat early child-
hood education centre.

Sports and cultural infrastructure will also undergo significant
improvements. A new sports complex with an Olympic-standard
swimming pool will be constructed, while existing cultural institu-
tions, including the Tuvan Musical and Dramatic Theater, will be
renovated. These measures aim to enhance healthcare and educa-
tion accessibility, ultimately increasing the region’s Human Devel-
opment Index (HDI) by 10 % toward its target level by 2030 [14].

3. Investment and Public-Private Partnerships

Infrastructure expansion is impossible without private invest-
ment, making public-private partnerships (PPP) a cornerstone
of Tyva’s development strategy. In 2023, the region launched a PPP
Coordination Centre, which facilitates cooperation between govern-
ment agencies and private businesses. As a result, the number
of joint investment projects has increased by 15 % [15].

To further stimulate investment, the regional government offers
tax incentives, including a profit tax reduction to 13.5 % and a five-
year exemption from property tax. In 2024, Tyva plans to attract
multi-billion-ruble investments for the construction of a logistics
and trade centre in Kyzyl, expected to create 500 new jobs.

4. Implementation of Modern Technologies

The adoption of digital technologies is central to improving in-
frastructure efficiency. Smart city systems, automated monitoring
platforms, and digital mapping tools for transportation planning will
be introduced across the region, optimizing resource distribution
and enhancing service delivery standards [16].

A special focus is placed on energy-efficient technologies
and low-carbon construction, ensuring environmental sustainability.
The “Digital Tyva” project is driving regional internet connectivity
expansion, with the goal of providing 95 % of residents with high-
speed internet via fiber-optic networks by 2027.

RECOMMENDATIONS FOR OPTIMIZING
INFRASTRUCTURE INTEGRATION

A comprehensive approach that aligns regional characteristics
with modern infrastructure development trends is essential for max-
imizing the efficiency of social and transportation infrastructure in-
tegration in the Republic of Tyva. The key recommendations are as
follows:

1. Development of Comprehensive Infrastructure Strategies

Long-term planning must be based on current demographic
trends, economic demand projections, and future growth forecasts.
Strategic plans should incorporate the region’s geographical chal-
lenges, including remote and mountainous areas, to optimize re-
source allocation and reduce costs. The use of statistical data from
Rosstat and regional authorities will allow for more accurate planning.
A comprehensive transportation development strategy could reduce
logistics costs by 20 % while improving overall accessibility [17].

2. Promotion of Private Investment and Public-Private Partner-
ships (PPP)

To stimulate private sector participation, tax incentives, simpli-
fied administrative procedures, and stability guarantees must be
established. The successful PPP model in Krasnoyarsk Krai, which
has significantly improved transport services, serves as an exam-
ple for Tyva. The creation of special economic zones should be
encouraged to attract business investment, aiming to increase pri-
vate capital inflows by 25 % by 2027 [18].

3. Implementation of Innovative Technologies and Digital Solu-
tions

The adoption of smart infrastructure technologies, such as au-
tomated monitoring systems for roads and buildings, along with
digital project management tools, will enhance budget transparen-
cy and operational efficiency. The deployment of intelligent lighting
systems and smart traffic management solutions is projected to re-
duce energy consumption by 15 % and travel times by 10 %.

4. Development of Human Capital for Infrastructure Projects

Expanding the qualified workforce in the construction and infra-
structure sectors requires targeted education and training pro-
grammes. Efforts should focus on recruiting skilled specialists from
other regions while simultaneously strengthening local expertise
through vocational training and internship programmes. Collaborat-
ing with leading Russian universities to establish specialized de-
partments within Tyva’s educational institutions will be essential.
These measures aim to increase the number of skilled workers by
30 % across the region by 2030.

5. Consideration of Environmental Factors

All infrastructure projects must undergo mandatory environmen-
tal impact assessments to minimize ecological risks. Sustainable
construction techniques, including the use of energy-efficient materi-
als and renewable energy sources, should be prioritized to ensure
eco-friendly development. Special attention should be given
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to preserving Tyva’s unique ecosystems while accounting for the re-
gion’s climatic conditions. The adoption of green technologies is ex-
pected to reduce regional carbon emissions by 12 % over the next
decade.

6. Expansion of Logistics Infrastructure

Strengthening the transportation and logistics network through
the development of transport hubs and modern logistics centres
will lower freight costs and improve regional accessibility. The inte-
gration of multimodal transport corridors and the modernization
of warehouse complexes will facilitate a 20 % increase in freight
traffic while reducing delivery times by 15 % [19].

7. Adoption of International Best Practices

The study and adaptation of successful global infrastructure
models will accelerate regional development. Scandinavian sustain-
able construction techniques can provide valuable insights for Tyva,
given its challenging climate. Additionally, Canada’s and Switzer-
land’s infrastructure management strategies should be examined
for their resilience to climate-related challenges. Implementing these
approaches will enhance the durability and adaptability of Tyva's in-
frastructure in response to environmental conditions.

The integration of social infrastructure, transportation, and resi-
dential development within the Republic of Tyva is crucial for ensur-
ing the region’s long-term sustainability. A comprehensive ap-
proach — incorporating strategic planning, investment mobilization,
innovation adoption, and human capital development is essential
for the success of infrastructure projects.

Infrastructure development delivers two key benefits: the en-
hanced quality of life for the population and improved economic
performance, alongside better transportation services and job
creation. Environmental safety and sustainable development princi-
ples must be prioritized to ensure that the benefits of these projects
are long-lasting. The implementation of infrastructure projects is
projected to reduce regional unemployment by 5 % and increase
the regional GDP by 15 % by 2030.

This study provides valuable insights for urban planners, re-
gional development experts, and infrastructure project managers,
as well as government officials involved in the development of ter-
ritorial strategies. Future research in the region should focus
on evaluating the effectiveness of implemented infrastructure pro-
jects and their impact on the socio-economic development
of the Tyva population, while also seeking new methods of optimiz-
ing infrastructure projects tailored to the region’s challenging cli-
matic conditions.
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yhaneHHbix Tepputopuii Poccun. B nccnepgoBaHum paccma-
TPMBaOTCHA COBPEMEHHbIE NPo6ieMbl U 6apbepbl, CBA3aHHbIE
C yNnyyLleHnem JocTyna K counanbHbIM ycnyram, o6ecneyeHem
Ka4eCTBEHHOro 06CNy>XXNBaHWSA, YCTAHOBIEHWEM TPAHCMOPTHOW
CB$I31 U COQENCTBMEM YCTOMYMBOMY PErMOHANbHOMY Pa3BUTHIO.
Oco60e BHMMaHWe yaenseTcs MHHOBaLMOHHLIM MOJENAM U Me-
TOAO0SOrMAM, KOTOPblE CMOCO6CTBYIOT 3PEKTUBHOMY (DYHKLN-
OHMPOBAHWIO Pa3NYHbIX TUMOB MHAPACTPYKTYPbI B TEKYLUUX
YCIOBUSIX.

B ctaTtbe AHaNU3NPYTCA yCneLlHble NPOoeKTbl U NHUUUATUBSI,
peann3oBaHHbIe B TyBe, C OLIEeHKOW X BO3OENCTBUS Ha YpPOBEHb
XU3HU N pa3BUTUE XUITTULLHOIO CTPOUTENbCTBA. PaCCManI/IBa-
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10TCA KIto4YeBble akTopbl, CNOCO6CTBYOLME IPHDEKTUBHOM UH-
Terpaunmn NHOPaCcTPYKTYpbl, TaKMe Kak hMHAHCOBbIE MeXaHn3-
Mbl, Y4aCTUe YaCTHbIX NHBECTOPOB W NMapTHEPCTBA C MECTHbIMU
opraHamu Bnactu. Oco6oe BHYMaHVe yaeneHo 3KONorn4eckomn
YCTOWHMBOCTU U OTBETCTBEHHOMY YMNpPaBfieHWIO NPUPOAHLIMU pe-
cypcamu B nNpoLiecce pa3BUTUA Kak TPAHCMOPTHOM, Tak U COLM-
anbHOM MHMPaACTPYKTYypbl. B gononHeHve ncenenyoTcs MeTo-
bl ONTYMM3ALUN JIOTUCTUHECKUX NPOLLECCOB U CTPaTernyeckoro
NiaHMPOBaHNS PACMONOXEHUS CoLMarnbHbIX 0OBEKTOB C LieSbio
yny4LleHnsa [OCTYMHOCTU ANS Pa3NUYHbIX FPYNM HACENeHs.

[aeTcsi KOMNIeKC peKoMeHZaumin Ans yny4LeHns nHTerpaumm
MHMPACTPYKTYpPbl 1 MPOLECCOB NAaHMPOBAHUS, HanpaBieHHbIX
Ha 6onee ahPeKTUBHOE NUCMONMb30BaHNE PECYPCOB U MOBbILLIE-
HMe KIIOYEBbLIX COLManbHbIX M1 9KOHOMUYECKUX MokasaTteren
Ha pervoHanbHOM ypoBHe. Pe3ynbTaThl JaHHOIO MccnepoBa-
HWS 6yayT NONesHbl AN CNeLyanucToB B 061acTu rpagocTpou-
TenbCTBa M PErmoHanbHOro NaHMPOBaHUS, ynpasBneHns nHdgpa-
CTPYKTYPHbIMV NPOEKTamu B yAANEHHbIX paioHax, a Takxe Ans
roCyfapCTBEHHbIX OPraHoB, OTBETCTBEHHbIX 3a pa3paboTKy
cTpaTerui TeppuTopuanbHOro pasBuTus.

Knro4deBble cnoBa: nHTerpaumsi MHPacTpyKTypbl, XUINLIHOE
cTpoutenbCTBO B Pecny6nvke ThiBa, coynasnbHas u TpaHcropT-
Hasi UHPacTPyKTypa, pernoHabHoe pas3BuTne B yAaneHHbIX
parioHax u apXUTEKTYpPHOE MIaHNpPoBaHNe
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Current trends in import substitution
of construction materials and equipment
in the Russian Federation

This paper investigates the current directions of import substitution in the Russian construction sector. Against
the background of economic instability and international sanctions in recent years, the task of building up the po-
tential of domestic production of construction materials and equipment has become increasingly important. The pa-
per discusses the key areas of import substitution, including the development of high-tech construction materials
production, strengthening support for Russian manufacturers, as well as the introduction of innovative technologies.
Currently, the issue of import substitution for companies in the construction sector is very important. Co-operation
with domestic suppliers for a number of materials required for production is being actively developed. Russian manu-
facturers of raw materials, equipment and components understand perfectly well that now is a unique time for them,
when many market segments and niches are being freed up and they can replace foreign suppliers who are leaving.
At the same time, one of the negative consequences of the sanctions has manifested itself in the fact that many
enterprises have decided to temporarily reduce their investment programmes and abandoned plans to modern-
ize or expand their production capacities. There are also difficulties in supplying equipment components from
abroad. Previously, a significant part of equipment was purchased in the European Union countries, for example,
in ltaly. Currently, most of the alternative supplies are from China.

Special attention is paid to analyzing government policies aimed at stimulating local producers, as well as as-
sessing the prospects for sustainable growth and self-sufficiency of the construction industry. In general, the cur-
rent prospects of domestic producers are positively assessed.

The purpose of the paper is to highlight the current trends of import substitution of construction materials
and equipment in the Russian Federation, find problems and propose solutions.

Keywords: construction industry, construction materials, equipment, import substitution, production, economy,
instability
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problem for Russia. Analysis of statistical data

shows that many industries in the country are
largely dependent on imported goods and servic-
es, as a result of which there is a deterioration
of the economic situation due to the strengthen-
ing of sanctions policy of Western countries. Solv-
ing the problem of import substitution is of crucial
importance, as it directly affects the growth, de-
velopment and defence capability of the national
economy. Dependence on imports has been
formed for many years, and for many industries
a significant part of the volume of realized prod-
ucts is produced using imported materials
and equipment.

I mport substitution has long been a serious

The purpose of this research is to study the ac-
tual directions of import substitution in the produc-
tion of construction materials and equipment
in the Russian Federation.

The problem of dependence on imports is ana-
lyzed from the standpoint of both the production
of materials and construction equipment.

It should be noted that the growing gap be-
tween the economy's need for innovative solutions
and the capabilities of domestic R&D forces to rely
on foreign technologies, especially in the field
of technological equipment. At the same time, at-
tempts to replace imported components with do-
mestic ones face a number of significant challenges
(Table 1).

Table 1. Opportunities and limitations of import substitution in the construction industry

Potential opportunities

Existing constraints

Reducing dependence on external supplies of materials
and technologies

Lack of necessary production capacity for mass production

Ensuring sustainability of domestic production and its
competitiveness

Lack of investment and high capital costs for modernization
of the industry

Development of new jobs and support for the domestic | High level of technological backwardness in some areas of produc-
market tion

Improving the environmental situation through the intro-
duction of new, environmentally friendly technologies

Shortage of qualified specialists in new areas of production

Development of domestic scientific and technical potential | Limited support from the state for small and medium-sized enterprises

Improving the level of quality and standardization of do-
mestic construction materials

Dependence on imported components for complex production
facilities
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Import substitution in the construction sector should be consid-
ered as the creation of conditions for equal competition of domestic
producers with foreign companies. Active development of this di-
rection and the formation of new competitive industries can lead
to a profound restructuring of the economy, contributing
to the emergence of new industries and the growth of demand
for local equipment, raw materials and construction materials [1].
Such a vector will not only accelerate scientific and technological
progress, but also allow domestic research and development
to reach the world level. Moreover, high-tech industries focused
on import substitution should strive not only to meet domestic
needs, but also to enter global markets, thus ensuring their export
potential and strengthening the country's international position.

Given the current geopolitical and economic situation, the task
of import substitution of a number of goods and technologies is
becoming increasingly important for the Russian Federation [2].
Trade restrictions from other countries, as well as the shortage
of imported raw materials, components and spare parts have led
to the need to search for domestic substitutes [3]. This scenario,
combined with changes in logistics, has led to an increase
in the cost of construction materials and increased dependence
on imports for some products.

The plan for the development of the construction industry
and housing construction in Russia for the period until 2030
and further until 2035 emphasizes the importance of shifting from
imported construction materials and equipment to increasing local
production in Russia [4]. Studies in more than 50 regions of the Rus-
sian Federation show that most of them do not actually face prob-
lems of shortage of construction materials and equipment, even
despite the withdrawal of foreign manufacturers from the market.

About 85 % of applied construction materials are produced
from resources that are available in significant quantities
in the country. Among the various types of construction, premium
real estate is particularly vulnerable today, as most of the fittings
for special works, plumbing fixtures and high quality equipment are
supplied from abroad. For example, the country has established
production of construction chemicals, but the equipment used
for production is supplied from European companies. Also, the pro-
duction of sanitary ware, ceramic products and facing bricks. are
heavily dependent on imported equipment. there is still a lot of work
to be done to localize these production lines and expand the ca-
pacity in production, installation, design and, most importantly, high
quality service.

According to official sources, the current situation with import
substitution in the construction industry is quite good. According
to the Ministry of Construction of Russia, most materials for large
construction projects are produced locally, but imported materials
still lead in the medium and high price range [5]. Many types of en-
gineering systems are still imported, including air conditioning sys-
tems, ventilation systems, pumps, fire-fighting equipment, public
address systems, shut-off and regulating equipment, plumbing
and automated control systems.

As for basic building materials such as concrete, glass, pipes
and some metal products, the construction market has everything
it needs from Russian suppliers. Construction goods are also sup-
plied from countries such as Belarus, Kazakhstan, China, Turkey
and Iran, and parallel imports also take place.

In the period from 2019 to the present, there is an average an-
nual growth rate of 12.8 % in monetary terms for the production
of construction materials.
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Dynamics of the volume of construction materials output in Rus-
sia (2019-2024), trillion rubles [6]

In the first half of 2024, the Russian construction industry re-
corded a significant growth in the output of materials, namely
the total value increased by 5.6 % compared to the same period
last year. At the same time, the actual volumes were even more
impressive, with the production of wood panels increasing by 20 %,
wall blocks by 15 %, ceramic tiles by 9 %, and the output of sheet
glass increasing by 7 %. There was also strong growth in the crane
market segments, as well as in the production of wood and con-
crete panels (Figure).

At the beginning of 2024, about 80 % of the lift equipment mar-
ket was occupied by domestic products. Thus, in the first half
of the year, four factories in Moscow produced more than 6,000 lifts,
and they can produce about 25,000 units per year. Significant pro-
gress has also been made in the development of high-tech equip-
ment, namely Karacharovsky, Shcherbinsky and MEL plants have
certified their lifts to achieve speeds of up to 4 m/s, which is optimal
for use in multi-storey residential buildings.

To mitigate the impact of sanctions, the relevant departments
of the Russian government represented by the Ministry of Construc-
tion, Ministry of Industry and Trade and various industry groups are
implementing a set of measures [7].

The National Association of Builders “NOSTROI” together with
the Ministry of Construction of Russia launched an online platform,
which is a catalogue presenting a wide range of domestic construc-
tion materials and equipment capable of replacing imported ana-
logues [8]. At the same time, the Ministry of Construction formed
a list of Russian software for urban planning, and the Ministry of In-
dustry and Trade initiated the Import Substitution Exchange, which
helps to find the necessary spare parts and components.

The federal budget for 2023-2025 has allocated 872.8 million
rubles for the target programme, and 16 banks with a total loan
portfolio of 65 billion rubles, designed for 513 potential borrowers,
have been selected for its implementation. As of April 2023, 38
special loans for the amount of 2.86 billion rubles have been is-
sued, and 32 loan agreements for 3.39 billion rubles are still under
consideration [9]. The need for import substitution mainly concerns
the introduction of advanced technologies and construction equip-
ment. Currently, government agencies are working on these prob-
lems by teaming up with institutions, research centres and small
businesses.

At present, it seems necessary to improve the monitoring
and analysis of the construction industry by focusing on critical
areas requiring government attention. Preliminary analysis of im-
port substitution programmes can be organized according to sev-
eral criteria: identification of problem areas (technological, techni-
cal, informational, personnel); cataloguing of materials, raw
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materials, structures, units, machinery, equipment and mecha-
nisms that are scarce in the domestic construction market; as-
sessment of innovative and scientific and technical potential of or-
ganizations and their components; study of potential diversification
opportunities. Systemic solution of the tasks faced by the con-
struction industry in the field of import substitution will allow
for an in-depth analysis of projects and programmes, which will
allow to adequately assess their effectiveness [10].

Self-regulatory organizations in the field of design and con-
struction should also actively participate in import substitution initia-
tives to ensure the involvement of all industry participants in this
process. It is recommended to create a centralized federal body
that will take over the coordination of import substitution measures,
paying special attention to improving the efficiency of R&D and sup-
porting mutually beneficial cooperation with technologically ad-
vanced friendly or neutral countries.

At the current stage, the priority task of federal and regional
authorities is not just operational substitution of imported products
for construction enterprises, but the definition of strategic directions

that can create a synergistic effect and build the necessary techno-
logical chains within the country. For the highlighted problems, it
seems reasonable to consider specific measures of solutions,
shown in Table 2.

The main objective of modernization of the construction sector
is to provide targeted support measures. The management of in-
novation and import substitution at the state, industry and corporate
levels is not always properly coordinated. There is a gap in the goals
and motivation of efforts in this area, and there are no standardized
performance indicators [11].

So, the study shows that in recent years, the construction in-
dustry has been developing under significant sanctions pressure
under the acute need for import substitution of various construction
materials, machinery, equipment and technologies. These chal-
lenges necessitate fundamental structural transformations aimed
at improving the sustainability and competitiveness of domestic
construction.

Among the key areas of transformation are:

1. Institutional and regulatory support.

Table 2. Ways of solving import substitution problems in the construction industry, with examples of solutions

Problem

Solutions

Warranty repair of foreign equipment and compo-
nents

Develop and implement quality standards for domestic equipment. Example: Germany introduced a pro-
gramme of certification and support for local manufacturers to improve product quality.

Creation of a government programme aimed at subsidizing manufacturers of domestic components similar
to foreign ones.

Attracting investment in the development of domestic analogues of foreign components

Problems with the implementation of Russian soft-
ware in construction

Introduction of state support programmes for local software development focused on the needs of the con-
struction sector.

Active co-operation with educational institutions and business structures to improve the skills of specialists
in digital technologies used in construction.

Formation and promotion of accelerator programmes to stimulate the development of startups in the field
of innovative construction technologies

Increase in delivery times and production costs
due to the need to create new logistics chains

Use of multimodal transport, as practiced in the US, to optimize logistics routes.

Developing and implementing regional logistics hubs to reduce delivery time and costs.

Application of modern technologies in supply chain management, such as blockchain and logistics automa-
tion systems

High costs of domestic transport, especially
to northern regions

Development and implementation of subsidies for transport companies operating in hard-to-reach regions.
Use of alternative modes of transport, such as air transport for small consignments of materials, which can
reduce delivery times to remote regions

State support measures are available only to large
enterprises

Introduction of a system of tax incentives and subsidies for medium and small enterprises, as it is practiced

in EU countries.

Creation of specialized funds and grants for small construction companies to participate in import substitution
programmes.

Development of educational and consulting programmes for small enterprises on how to obtain state support

Lack of investors to organize production of con-
struction materials in the constituent entities
of the Russian Federation

Organize specialized economic clusters for the production of construction materials, providing tax incentives
and developed infrastructure.

Attract private capital through venture capital financing or loan programmes backed by state guarantees.
Actively support the development and implementation of innovative technologies that can significantly reduce
production costs

Division of import substitution management func-
tions between different bodies and centres

It is proposed to form a single federal body responsible for coordinating the import substitution process

in the country, similar to the Chinese model, where a centralized agency manages all areas of industrial poli-
cy. At the same time, it is necessary to create a universal digital platform that would unite data on the import
substitution process and be available to all stakeholders

Lack of a unified information space on construc-
tion import substitution

Creation and implementation of a unified information platform for all market participants, as it was imple-
mented in South Korea for the construction sector.

Introduction of a cataloguing and monitoring system for all types of import substitution, which will make it
possible to track material shortages and provide access to up-to-date information
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First of all, it requires the development and implementation
of modern legislative initiatives and regulatory mechanisms that
stimulate domestic production. This includes revision and adapta-
tion of existing regulations, creation of favourable conditions for in-
vestment, as well as introduction of state support instruments such
as subsidies, tax incentives and grant programmes. Such meas-
ures will make it possible to offset the negative impact of sanctions
and ensure stabilization of the industry.

2. Technological modernization and innovative development.

A strategically important direction is the integration of advanced
scientific and technological developments into production process-
es. Active co-operation between research institutes, higher educa-
tion institutions and industrial enterprises is necessary for the for-
mation of innovative potential. The development of domestic
analogues of imported technologies and materials will be a key ele-
ment of import substitution, allowing to increase production effi-
ciency and reduce technological dependence.

3. Digitalization and information support.

Effective information interaction between construction market
participants facilitates the rapid exchange of analytical data, best
practices and research results. The creation of specialized digital
platforms will not only optimize management processes, but also
increase transparency in supply chains and logistics, which is
an important factor of competitiveness.

4. Development of international partnership.

Establishing constructive partnerships with allied countries with
a high level of technological development remains a priority. Con-
clusion of bilateral and multilateral agreements in the field of tech-
nology exchange, joint research and investment will allow to diver-
sify the sources of raw materials and equipment, as well as
to ensure a stable supply of advanced innovations.

To implement a comprehensive import substitution mechanism,
it is proposed to create an integrated model of interaction between
the state and business, which involves the formation of a special-
ized fund to support import substitution projects in construction.
Such a fund will be aimed at financing experimental and design
developments, research and implementation of domestic innovative
technologies. At the same time, special attention should be paid
to the synergy between public institutions and private structures,
which will ensure a prompt response to dynamically changing for-
eign economic conditions and sanctions challenges.

Therefore, a systemic approach that combines institutional
regulation, technological modernization, digitalization and interna-
tional cooperation is a viable strategy for creating an effective

CoBpeMeHHble TEHAEeHLUU
MMMNOpPTO3aMeLLeHUsi CTPOUTENbHbIX
MaTepuanos 1 o6opyaoBaHus

B Poccuiickon ®epgepauun

[aHHas cTatbsi uccnenyet COBPEMEHHbIE HAaNPaBNeHWUs UMMOPTO-
3aMeLLEeHNss B POCCUMICKOM CTpouTeNnbHOM cekTope. Ha doHe
3KOHOMMYECKOW HECTABUIBHOCTU U MeXAYHapOAHbIX CaHKLMNA
B MocreaHne roabl CTAaHOBUTCSA BCe 6oniee Ba)KHOW 3apadva Ha-
palmBaHmns NoTeHunana oTe4ecTBEHHOro NPOM3BOACTBA CTPO-
UTeNbHbIX MatepuanoB 1 obopynoBaHusi. B ctatbe paccmarpu-
BalOTCS KINOYEBbIe HANPaBNeHNs UMNOPTO3aMELLEHUS, BKITHOYast
pa3BuTME NPOU3BOACTBA BbICOKOTEXHOIOMMYHBIX CTpoMarTepua-
JI0B, yCUNEHNE NOAREPXKKN POCCUNCKUX NPOU3BOAUTENEN, a TaK-
e BHeOpEeHNe MHHOBALMOHHbIX TEXHOSIOMUIA.

B HacTosLlee BpemMs BOMPOC MMMOPTO3aMELLEHNs ANs KoMna-

organizational and economic mechanism for import substitution
in the construction industry. The implementation of this strategy will
not only reduce dependence on imported components, but also
create conditions for sustainable development and increase
the competitiveness of the domestic construction complex
in the context of global economic and geopolitical challenges.

REFERENCES

1. Lemeshko M.V. Trends of industrial construction development
in Russia at the present stage. Construction Economics. 2023; 3:21-27.
EDN EYIPPP. (rus.).

2. Transcript of parliamentary hearings on “Import substitution
in the construction industry” (19 April 2023). URL: http://council.gov.r/
activity/activities/parliamentary/144372/ (rus.).

3. Mavlyutov R.R. Construction complex in the conditions of a new
economic reality. Management Accounting. 2022; 11-3:803-811.
DOI: 10.25806/uu11-32022803-811. EDN ZSFRZN. (rus.).

4. Strategy for the development of the construction materials industry
for the period up to 2020 and further perspective up to 2030 : Order
of the Government of the Russian Federation dated 10 May 2016
No. 868-r. (rus.).

5. Allocating budgetary allocations to the Ministry of Industry
and Trade of the Russian Federation in 2023 for the financial
provision of subsidies from the federal budget to Russian credit
institutions in 2023 to compensate for their shortfall in income
on loans granted to Russian organizations and (or) individual
entrepreneurs for the acquisition of immovable property in order
to carry out activities in the field of industry : Order of the Government
of the Russian Federation of 27 March 2023, No. 716-r. (rus).

6. RIA. URL: https://ria.ru/20220812/minstroy-1807193556.html|
(rus.).

7. Approval of the Rules for Granting Subsidies from the Federal
Budget to Russian Credit Institutions for Compensation of Income
Not Received by Them on Loans Granted to Russian Organizations
and (or) Individual Entrepreneurs for the Acquisition of Inmovable
Property for the Purpose of Industrial Activities : Resolution
of the Government of the Russian Federation of 6 September 2022,
No. 1570. (rus.).

8. Amendments to Resolution of the Government of the Russian
Federation No. 1570 of 6 September 2022 : Resolution
of the Government of the Russian Federation No. 526 of 3 April
2023. (rus.).

9. Unified resource of property developers. URL: https://erzrf.ru/news/
v-rossii-za-godsnizilos-proizvodstvo-14-iz-25-osnovnykh-tovarov-dlya-
stroitelnoy-otrasli-? search=mat&tag=Statistics (rus.).

10. Shmyrev A.V., Yaushev A.A. Import substitution in the Russian
construction industry under Western sanctions: problems and ways
of solution. Innovative economy. 2023; 1(34). URL: https://
repository.rudn.ru/ru/records/article/record/101507/ (rus.).

11. Ministry of Industry and Trade. URL: https://minpromtorg.gov.ru/
(rus.).

HWI CTPOUTENBbHOrO KOMMIIEKCa ABMAETCS O4EHb akTyanbHbIM. AK-
TUBHO Pa3BMBAETCA COTPYAHWNHYECTBO C OTEYECTBEHHLIMM MOCTaB-
LMKaMu no psigy HeOOXOAUMBbIX NS NPOM3BOACTBA MaTepuanos.
Poccwiickne npon3sogutenu cbipbs, 060pyAOBaHNUS U KOMMIIEK-
TYIOLLMX NPEKPACHO NOHMMALOT, YTO ceryac Ans HUX YHUKarbHoe
BPEMS, KOrAa MHOTME PbIHOYHbIE CEMMEHTbI U HALLIM OCBOBOXAAIOT-
CSl, U OHW MOTYT 3aMEHUTb YXOAALLMX MHOCTPAHHbIX MOCTaBLLMKOB.

B TO e Bpemsa OfHO U3 HeraTMBHbIX MOCMAEACTBUN CaHKLNN
NposiBUIOCE B TOM, YTO MHOrMe MPeanpuaTUs peLunnu Bpe-
MEHHO COKpaTUTb CBOW MHBECTULIMOHHbIE MPOrpaMmbl U OTKa-
3anucb OT NJIaHOB NO MOAEPHM3ALUN UNN PACLUMPEHNIO NPO-
N3BOACTBEHHbIX MOLLHOCTeN. CyLlecTBYIOT TakxXe TpyaHOCTH
C NMocTaBKamun KOMMAEKTYOLWMX Ana 060pyaoBaHnNa M3-3a py-
6exa. PaHee 3Ha4uTenbHas 4actb 060pyAOBaHNA 3aKynanacb
B cTpaHax Eeponevickoro Coto3sa, Hanpumep B Utanuun. B Ha-
cTosiee BpemMsa 6osbluas 4acTb anbTePHATMBHbIX NOCTaBOK
npuxogurcsa Ha Kutan.
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Oco60e BHMMaHWe yOensieTcs aHanmay rocyfapCTBEHHOW MOANTU-
KW, HanpaB/ieHHON Ha CTUMYSIMPOBaHME MECTHbIX MPOU3BOAUTENEN,
a TaKkxe OLEHKe MEePCMEKTUB YCTOWYMBOrO pocTa U caMmoobecreye-
HWSI CTPOUTENBHOM OTpacnu. B Lenom nosvTmMeBHO oLeHUBatoTCS Te-
KYLLE NEPCMEKTVBLI OTEHECTBEHHbIX MPOU3BOAUTENEN.

Llenb ctatbn — BbIAENUTL COBPEMEHHbIE TEHAEHLMN UMMOPTO-
3aMeLLeHNsa CTPOUTENbHBIX MaTepuanos 1 06opyfosaHus B Poc-
curickon depepaumun, HauTU NPo6AEMbI U NPERJIOKNUTL MyTU pe-
LUEHWS.

Knio4yeBbie c/oBa: cTpouTesibHasi OTPAC/Ib, CTPOUTEIbHbIE Ma-
Tepmarsibi, 060py[OBaHNE, UMIOPTO3aMELLEHUNE, MPON3BOLACTBO,
SKOHOMMKA, HECTabU/IbHOCTb
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Key aspects of implementing the concept of
closed-loop economy in the construction industry

The paper considers the environmental situation in the country and the implementation of the concept of a closed-loop
economy in the construction sector. The focus is on the sustainable use of resources, waste minimization and the use
of secondary materials. The main types and volumes of world waste that have the greatest impact on the environ-
ment are presented, and it is noted that the construction sector occupies a leading position in terms of annual volumes,
which proves the relevance of this study. The closed-loop economy helps to rethink existing approaches to the de-
sign, construction and operation of real estate. The paper presents key aspects of the approach to the formation
of a closed-loop economy at various stages of the implementation of an investment and construction project, such as
planning and design, preparation for construction, construction, operation and end of the life cycle. Particular atten-
tion is paid to the use of recyclable and environmentally friendly materials, as well as well as the application of technol-
ogies that make it possible to reuse construction waste. The paper also considers examples of successful practices
and innovative approaches used in Russian and international projects aimed at increasing sustainability and reduc-
ing the environmental burden. Examples of the implementation of closed-loop economy projects in Russia, such as

eco-industrial parks, which include a new approach to the implementation of recycling and waste disposal, are consid- K!lrom_ykh .
ered. The problems that the construction industry faces during implementation are emphasized, the main ones being Viktoriia Denisovna,
the lack of a legal framework, the creation of incentive programmes for stimulation and the need to improve the skills Undergraduate student

of personnel. In conclusion, the importance of the closed-loop economy programme and the effectiveness of its im- of department of construction

plementation are highlighted.

Keywords: closed-loop economy, secondary raw materials, environmental situation, federal project, construction

organization and real estate
management; Moscow State
University of Civil Engineering

The issue of the environmental situation in Rus-
sia is becoming more and more relevant every
year. Measures are being taken at the state
level to support environmental protection and sus-
tainable development of the country. For example,
the national project “Ecology” is currently being im-
plemented! [1], which is aimed at radically improving
the environmental movement and stimulating
the health improvement of Russians. In addition,
the goals and objectives in the field of environmental
protection fixed at the legislative level by the Decree
of the President? [2] are taken into account. As part
of the implementation of environmentally friendly pro-
jects, it is also necessary to note the importance
of following the concept of closed-loop economy.

The project of closed-loop economy implies
the application of a fundamentally new approach
to production, consumption and economic activity
on the basis of renewable solutions and environmen-
tally sustainable business models. Closed-
cycle economy approaches are especially relevant
in the context of the implementation of the national
project “Ecology”, the goals and targets of which
are presented in Fig. 1 [1].

The goals set by the national project are oriented
towards improving the quality of water supply
and the health of water bodies, ensuring a balance
between the loss and recovery of flora, and reducing
pollution, including through effective waste manage-
ment.

Approximately 33 billion tonnes of waste are
generated annually in the world [2]. For clarity, let us

present five main types of waste that have the maxi-
mum impact on the environment and note their ap-
proximate volume (Fig. 2).

Thus, it can be concluded that construction
and demolition account for the maximum share
of waste, accounting for 30 per cent of the world's
waste. The construction and demolition of buildings
consumes about 1/3 of all materials consumed
in the world and generates about 40 % of harmful
CO, emissions due to inefficient energy saving of re-
sources [3]. Consequently, the construction industry
as a whole has an enormous environmental respon-
sibility. If we consider in more detail the types
of wastes of IV=V hazard classes in the field of con-
struction, the most common ones include concrete
waste, soil during construction works and scrap
of asphalt and concrete pavements [4]. In order
to reduce the indicators of harmful impact on the en-
vironment, managers of the world's enterprises strive
to use more rational management methods, as well
as to implement new environmentally friendly tech-
nologies. As a consequence, there is a growing ten-
dency to reorient production towards the use of sec-
ondary resources and raw materials, particularly
in the construction industry, which confirms the rele-
vance and necessity of this study.

The concept of the circular economy is a model
based on the principles of sustainable development,
aimed at minimizing waste and maximizing the use
of resources. The basic idea is that instead of the tra-
ditional linear model “extraction — production — con-
sumption — utilization”, the closed-loop economy

1 Federal media outlet “Ecology of Russia”. URL: https://ecologyofrussia.ru/ (Accessed on 11.11.2024).

2 National goals and strategic objectives for the development of the Russian Federation through 2024 : Decree of the President of the Rus-
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national project

cluding the elimination of all unauthorizedlandfills within city
boundaries identified as of January 1, 2018

Reducing thelevel of air pollution inlarge industrial centres, in-
* cluding reducing by atleast 20 percent the total volume of pollut-
ant emissions into the air in the most polluted cities

FEDERAL PROJECTS INCLUDED IN THE NATIONAL PROJECT:

Integrated solid municipal waste management system
Infrastructure for handling waste of hazard classes Mil
Clean air

Clean water

Recovery of the Volga

Preservation of unique water bodies
Preservation of biodiversity and development of ecotourism

Preservation of forests

- w N w

« C o o

| o | >
4 r-3

Implementation of the best available technologies

701.2 bln rub. — federal budget

Fig. 1. National Project “Ecology”’

focuses on the creation of so-called “closed” cycles where products,
materials and resources are reused, recycled or recovered [5]. For
the construction sector, especially important is the measure of using
non-toxic, modern, durable, renewable materials (as construction
waste belongs to the 4th and 5th class of hazard); improving the en-
ergy efficiency of buildings; recycling of materials after dismantling;
use of modular structures suitable for assembly and disassembly
(Fig. 3) [6].

One example of an architectural initiative inspired by the concept
of the circular economy is the construction of the CNAD National Art,
Crafts and Design Centre®. This centre is located on the island
of Cape Verde in the city of Mindelo. Because of the island location,
all goods were brought into the country using containers and barrels.
The architects, inspired by the ideas, decided to take the lids from
the containers as a basis and use them as industrial parts in the con-
struction. The lids became a colourful facade in the project (Fig. 4, 5)
[7]. As a result of using all kinds of colours, they create not only
a unique external appearance, but also act as a double ventilated
facade (Fig. 6), which provides passive control of the internal tem-
perature and does not require air conditioning. They can be rotated,
which allows the indoor light and airflow to be regulated.

One of the examples of the implementation of closed-loop econ-
omy projects in Russia can be called eco-industrial parks. Ecoprom-
parks are a new approach to the implementation of waste recycling
and utilization*. Such sites will house resident companies, and pro-
duction will be carried out in a closed system. Waste and other

ECOLOGY National projects: targets and key results
IMPLEMENTATION 01.10.2018 - 31.12.202
TIMELINE: -10.2018 - 31.12.2024
GOALS AND TARGETS: GOALS AND TARGETS:
Effective management of production and consumption waste, in- Improving the quality of drinking water for the population, includin
v 1 ! 9 P ! Pt ! uN 3. forpreside%ts oquettleyments not gquipped with nEodpem centralized 9

water supply systems

1 Environmental imfrovement of water bodies, including the Volga River, and preserva-
- tion of unique water systems, including Lake Baikal and Lake Teletskoye

Preservation of biological diversity, including through the creation of atleast 24 new
5. specially protected natural areas
6

Ensuring a balance between forestloss and reproduction in a ratio of 100 % by 2024

Budget of the national project:

Clean country 124.2 By

=

\

Preservation of Lake Baikal 3 —

I

4041.0
bln rub.

2427.3 o

133.8 bln rub. — budgets of subjects of the Russian Federation

3206.1 bln rub. — non-budget sources

by-products will be realized in a new production cycle. Ecoprom-
parks will become a place where the full cycle of waste utilization
and production of products from secondary raw materials will be
implemented. Glavgosexpertiza in the report for 2023 indicated that
7 positive conclusions on eco-industrial parks were issued [8]. In
2024, the construction of such parks began in the Moscow, Chely-
abinsk, Leningrad, Novosibirsk regions and Stavropol Krai. It is
planned that in total the enterprises will be able to process over 850
tonnes of waste per year [9]. The construction of eco-industrial parks
will provide an opportunity to reduce emissions into the atmosphere
and reduce the burden on the environment, as well as become
a promising investment in the economy of the regions.

10.5 9.8 W Construction and demolition waste

W Industrial waste

2 8 - = Food losses and food waste

c 6 | Consumer product and packaging waste
e W Electronic and textile waste

e

m 4

035 009

Types of holidays

Fig. 2. Annual volume of major waste streams in the world

3 Official website of the National Centre for Handicraft, Art and Design (CNAD National Art, Crafts and Design Centre). URL: https://cnad.cv/en/ (Accessed 12.11.2024).

4 Circular economy: how the project for the construction of eco-industrial parks is being implemented in Russia | FAU “Glavgosexpertiza of Russia”. URL: https://gge.ru/press-cent-
er/news/ekonomika-zamknutogo-tsikla-kak-v-rossii-realizuetsya-proekt-po-stroitelstvu-ekopromparkov/?ysclid=m3h4fw7d1y821595962 (Accessed 11.11.2024).
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Design for end-of-life, energy efficiency
and climate neutrality

Planning
and design

Use of modern approaches to design,
materials from recycled resources

Production and supply of building materials
made from recycled and renewable
resources

Construction
preparation

Reducing resource consumption
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Fig. 3. Approaches to the formation of a closed-loop economy

At the moment, the transition to a closed-loop economy is ham-
pered by a number of problems. For example, the legislation
of the Russian Federation has no normative regulation of construction
waste, which leads to the lack of a system of standards and certifica-
tion of materials from secondary resources. In this regard, it is the state
that can become the main initiator of the introduction of measures
to stimulate the use of new construction materials [10]. Economic in-
centives and state support measures will make it possible to imple-
ment construction projects using secondary resources and raw mate-
rials. In addition, it is important to develop a monitoring system
for waste management, thanks to which it will be possible to increase
the level of control over the formation, transport and disposal of con-
struction waste. Implementation of the described approach has many
positive effects not only for companies in the construction industry, but
also for the environment. Thus, it will be possible to provide recycling
of up to 85 % of construction waste of all types and reduce up to 20 %
of the share of waste sent to landfills [11]. These improvements will also
affect the partial substitution of investments in traditional production
methods for new technologies for the use of recycled materials, which
will potentially lead to the stimulation of research and development
in the field of secondary production, as well as the emergence of new
recyclable products.

In conclusion, we would like to note the obvious advantages
of the closed loop programme, which justify the expediency of its
application. The use of secondary resources and raw materials
in the construction industry will allow to significantly reduce the vol-
ume of waste, increase the efficiency of materials use, and will also
have a positive impact on business development in this area.

Fig. 4. Project visualization

An integrated approach to the implementation of the closed-loop
economy programme will make it a means of achieving sustainable
development and environmental protection on a planet-wide scale.
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KntoyeBble acnekTbl peanu3auum
KOHLIenuMmM 3KOHOMMUKM 3aMKHYTOrO LiMKna
B chepe cTpouTenbCcTBa

B cTtaTtbe paccMoTpeHbl BOMPOCHI 3KONOMMYECKOW cuTyaumm
B CTpaHe v peanu3auuns KOHLEenuum 3KOHOMUKM 3aMKHYTOro L-
Kna B cihepe cTpomTenbCTBa. AKLEHTUPYETCA BHUMAHWE Ha Y CTOM-
YUBOM MCMONb30BaHNM PECYPCOB, MUHUMU3ALIMK OTXOLOB U UC-
MNoJib30BaHNN BTOPUYHbLIX MaTepuanos. npe,El,CTaBJ'IeHbI OCHOBHbIE
BMAblI 1 06bEMbI MMPOBbIX OTXOA0B, OKa3bIiBaloLLMe Makcumarb-
HOE BNIUSIHME Ha 9KOJIOrMIO, U OTMEYEHO, YTO MO KOSIMYECTBY rO-
[OBbIX 06bEMOB NUAVIPYIOLLYIO MO3MLMIO 3aHMMaeT cdhepa CTpou-
TeJIbCTBa, YTO AOKa3blBaeT aKTyallbHOCTb AAHHOro UccnenoBaHus.
OKOHOMMKA 3aMKHYTOrO LIMKIa MomoraeT NepeocMbICNnTb CyLLie-
CTBYIOLLME MOAXOAbI K MPOEKTUPOBAHWIO, CTPOUTENBLCTBY U 3KC-
nnyataumm o6bEKTOB HEABMXUMOCTU. B cTaTbe npefcTaBneHsb!
KIOYEBbIe acnekTbl NoAxoAa K hopMMPOBaHNIO SKOHOMMKU 3a-
MKHYTOrO LMKIa Ha pasfindHbiX cTaguax peanm3aunm nHeectuun-
OHHO-CTPOMTESILHOrO MPOEKTA, TaKMX Kak niaHMpoBaHue W npo-
eKTVMpOBaHWe, NMOAroTOBKA K CTPOUTENLCTBY, CTPOUTENLCTBO,
3KCMyaTaums U OKOHYaHUe XWU3HEHHOro unkna. Oco6oe BHUMA-
HVe yOenseTcsi MCNofb30BaHNIo nepepabaTtbiBaeMbIX Y 3KOMOru-
YecKM YUCTbIX MaTepuarnoB, a TakXe MPYMEHEHUIO TEXHOMOI N,
6narofapsi KOTOpbIM CTaHOBUTCS BO3MOXHbIM MOBTOPHOE MCMOSb-
30BaHWe CTPOUTENbHBIX OTXOA0B. Takxke B CTaTbe paccmaTpuBa-
HOTCA NpuMepbl yCneLUHbIX NPakTUK N MIHHOBaUMOHHbLIX NMoAX040B,
NMPUMEHAEMbIX B POCCUICKMX U MEXAYHAPOOHbIX MPOeKTax, Ha-
NpaBfeHHbIX HA MOBbILLEHUE YCTONYMBOCTU U CHUXKEHUE 3KOMO-
rMYECKOW Harpysku. PaccmMoTpeHbl Takvue npumepsbl peanv3aumm
NPOEKTOB 3KOHOMUKN 3aMKHYTOro Liykna B POCCVII/I, KaK 9KOrnpom-
napKkw, BKIHOHatoLLmMe HOBbIN NMOAX04 B peanv3auum 06poTku 1 yTu-
nusauum mycopa. lNMogvepkusatoTca Npodnembl, C KOTOPbIMU CTas-
KMBaETCA CTPOMTENbHAA OTpacib NPy peanv3aLmmn, OCHOBHbLIMU
13 KOTOPbIX MOXHO OTMETUTb: HE[OCTATOK NMPaBoBOY 6a3bl, co3aa-
HUEe NbroTHbIX NporpamMm Ansa CTUuMynimpoBaHua 1 HQOGXO,EWIMOCTb
NoBbILLEHVS KBanuukaumm kagpos. B 3akntoveHnn otmevaetcs
BaXKHOCTb MPOrpaMMbl 9KOHOMMKW 3aMKHYTOrO LMKna v adhdek-
TUBHOCTb €€ peanuaaumn.

Knro4eBble crioBa: 5KOHOMUKA 3aMKHYTOro yukna, BTOpu4Hoe Cbl-
pbe, 3KoJIorndecKkas cutyauus, d)e,qepaanb/ﬁ TPOEKT, CTPOUTE/IbCTBO
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