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Dear Readers!

The investment and construction sector of Russia represents a continuously evolving
spatial, technical, organizational, economic, and social system. It comprises interconnected
structural elements, including mechanisms for integrated territorial development, a set of
construction enterprises and utility providers, as well as the population residing within
the given territory.

The primary objective of integrated territorial development is to ensure balanced and
sustainable development of settlements, municipal districts, and urban areas by improving
the quality of the urban environment and enhancing the visual appearance, architectural style,
and other characteristics of capital construction facilities.

A key prerequisite for the effective management of sustainable integrated territorial
development is the implementation of a comprehensive program for the territorial and
reproductive development of the real estate sector. The presence of such programs enables
effective integration across all elements of the overall cause-and-effect chain: “territories —
— resources — reproduction — development.” It is within this conceptual framework that
the articles in this issue of the journal are presented.

Sincerely, Peter Grabovyy
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The Influence of Construction Industry
Enterprise Concentration on Housing
Development in the Moscow Agglomeration

The paper presents an analysis of the dynamics of formation and development of the housing market in Mos-
cow and the Moscow Region, taking into account the degree of concentration of construction industry enterprises
within the study area. The analysis is based on statistical data from the Unified Register of Developers (ERZ) for
the period 2017-2025. The study employs statistical methods, as well as systems analysis and dynamic analy-
sis. In addition, system-based, dynamic, and geoinformation approaches are applied. The research identifies key
patterns in the influence of the concentration level of industrial housing construction on the intensity of construc-
tion activity across districts of Moscow and the Moscow Region. Areas with a high degree of market concentra-
tion are identified, where more than half of the total floor area of housing under construction is developed by ten
large developers within each region. Geoinformation analysis reveals the formation of several stable territorial
clusters (“construction islands”), located primarily along the administrative boundary of Moscow and effectively
forming a unified zone of housing market development together with the adjacent agglomeration. The paper dem-
onstrates that the localization of construction projects is directly related to the spatial distribution and concentra-
tion of construction industry facilities. The obtained results can be used in planning the flow-line construction of

residential real estate projects and in the development of the required regional infrastructure.
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INTRODUCTION

t present, the construction industry faces
Athe task of increasing the rate of commission-

ing of real estate facilities and reducing con-
struction timelines. Achieving this objective requires
the development of a long-term program aimed at
forming object-specific and specialized construction
flows.

The formation of such flows necessitates con-
sideration of three principal regional components:

¢ the region as a territory;

e the predominant type of residential construc-

tion;

e the number of developers operating within

the region.

The region as a territory constitutes a complex
system that includes buildings and structures, trans-
port infrastructure, facilities of the construction indus-
try, and the geographical distribution of construction
industry facilities relative to the most actively devel-
oping areas within the region, taking into account lo-
cal geographical characteristics.

The predominant type of residential construc-
tion — namely monolithic and panel housing con-
struction — significantly reduces the duration of real
estate development and forms the basis for the es-
tablishment of corresponding construction flows.
Each housing type is characterized by specific
cost, time, spatial, and resource parameters that
influence output performance in the implementation
of investment and construction projects.

Developers, as the principal initiating entities of
investment and construction activity, exert a sub-
stantial influence on the pattern of regional housing
market development. The study of construction flow

functioning requires the identification of their orga-
nizational structure, the construction approaches
they apply, and their interaction with other partici-
pants in the construction process.

MATERIALS AND METHODS

The study employed statistical methods of analy-
sis, including the processing and interpretation of
quantitative data; systems analysis to assess interac-
tions among construction industry facilities and their
flow characteristics; dynamic analysis to examine
temporal changes in key indicators; and geoinforma-
tion analysis. The empirical basis of the research
consisted of statistical and other informational sourc-
es, materials characterizing the production and eco-
nomic activities of developers, expert assessments,
and other documentation related to the construction
sector.

The study was based on data obtained from
the Unified Register of Developers (ERZ) database
for the period from 2017 to 2025.

RESULTS

At present, the city of Moscow and the Moscow
Region represent the largest territories in terms of
residential construction rates. This region is particu-
larly suitable for analysis, as it demonstrates the high-
est population growth while simultaneously exhibiting
a high population density [1].

According to the Unified Register of Developers',
as of October 2025, 18,754,280 m? of residential real
estate is under construction in Moscow and

" Unified Register of Developers : official website. URL: https://
erzrf.ru/ (rus.).
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Fig. 1. Volume of construction of apartment buildings, m?, 2017-2025, by Moscow developers
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Fig. 2. Volume of apartment building construction, m?, 2019-2025, by developer in the Moscow region

8,175,970 m? in the Moscow Region. More than half of the total con-
struction volume is concentrated among the top 10 developers by
residential construction output: 10,116,240 m? (53.95 %) in Moscow
and 4,640,518 m? (56.77 %) in the Moscow Region. The analysis of
developer activities in this region constitutes an important aspect
of studying the application of organizational and technological mech-
anisms, as developers plan and structure construction flows for resi-
dential projects and determine rational technological and organiza-
tional approaches to project implementation [2]. As of October 2025,
the largest developers in Moscow are: GK “PIK” — 2,589,966 m?;
GK “Samolet” — 1,409,821 m?, MR Group — 1,112,324 m?; GK
“A101” — 1,081,616 m?; “DONSTROY” — 828,662 m?; Level Group —
826,947 m?; GK “FSK” — 779,638 m?; LSR Group — 623,169 m?; GK
“ABSOLUT” — 459,810 m?; and Etalon Group — 404,287 m? (Fig. 1).

In the Moscow Region, the largest developers are: GK “Samo-
let” — 1,659,975 m?; GK “PIK” — 833,157 m?; GK “FSK” — 604,627 m?;
GK “Granel” — 519,696 m? “PROFI-INVEST" — 278,648 m?
“DOGMA” — 238,671 m?; “Sminex” — 219,950 m?; “Concept Immo
Development” — 142,774 m?; GK “Otrada” — 127,204 m?; and SZ ZhK
Yarkiy, Riga — 115,816 m? (Fig. 2).

Among the ten largest developers by construction volume, GK
“PIK” and GK “Samolet” are particularly prominent. As of the end of
2025, they jointly account for 21 % of all residential construction in
Moscow and 29 % in the Moscow Region. Their combined share

among the top ten developers amounts to 40 % in Moscow and
52 % in the Moscow Region.

The two companies employ distinct organizational strategies.
GK “PIK” implements a development model characterized by pro-
nounced vertical integration. The company relies on its own produc-
tion facilities, including large-scale house-building plants such as
DSK-2 and DSK-32. These enterprises specialize in the production
of primary structural elements, enabling GK “PIK” to maintain great-
er control over key stages of construction component manufactur-
ing. This approach enhances the level of industrialization and fa-
cilitates large-scale construction output [3-5]. At the same time,
the company rationally combines internal production capacities
with the involvement of external contractors and subcontractors,
with a significant share of on-site construction work performed by
third-party organizations.

In contrast, GK “Samolet” follows a classical development strat-
egy. The company does not possess its own production facilities;
instead, it operates through an internal general contractor, LLC
“Stroy-Development”, which coordinates the activities of contracted
firms and specialized subcontractors®. On the one hand, this pro-
duction organization model may increase construction costs and

2 RAO PIK SZ: Company Profile. Construction News Agency. URL: https://m.asnin-
fo.ru/companies/22-pao-pik-sz (rus.).

3 Samolet Group of Companies: Company Profile. Mail Finance. URL: https://finance.
mail.ru/card/gruppa-kompanij-samolet-715 (rus.).
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Fig. 4. Areas of high concentration of multi-apartment residential buildings on the map of Moscow and the Moscow Region

reduce direct control over processes that determine the critical
path. On the other hand, it eliminates the need to maintain fixed
production capacities, provides greater organizational flexibility
and investment adaptability, and contributes to the sustainability of
construction flows in residential development [6—10]. As of October
2025, these developers are constructing 187 multi-apartment resi-
dential buildings (126 in Moscow and 61 in the Moscow Region).
Notably, the majority of projects in the Moscow Region are located
in close proximity to the administrative boundary of Moscow
(Fig. 3).

Fig. 3 demonstrates that the region includes territories with both
high and low concentrations of construction activity. The most in-
tensive development is observed in Moscow and adjacent areas.
However, for the efficient utilization of regional territory, the housing
market should develop not only within the capital and its immediate
surroundings, but throughout the entire Moscow Region.

The uneven distribution of development activity can be ex-
plained by the fact that the nearest agglomeration beyond Mos-
cow’s administrative boundary should be regarded as a natural
extension of the city, as its economic activity is closely integrated
with the capital. The largest towns of the Moscow Region are like-
wise located near Moscow and are economically oriented toward it,
effectively functioning as components of the metropolitan agglom-
eration [11]. At present, several development “zones” can be identi-
fied — areas with the highest concentration of multi-apartment
residential construction (Fig. 4).

These high-concentration zones have emerged due to two ter-
ritorial factors. The first factor is strong consumer demand for hous-
ing located as close as possible to the capital. Such housing allows
residents to maintain economic and social connectivity with Mos-
cow while benefiting from lower prices, typically associated with
lower land costs [12]. The second factor is the presence of a wide
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range of construction industry enterprises oriented toward residen-
tial development within these zones [13] (Fig. 5).

As shown in Fig. 5, certain areas of the region exhibit a high
concentration of construction industry facilities, which corresponds
to an increased concentration of residential development. In other
territories, this indicator is lower, implying either the need to estab-
lish new construction industry facilities or to improve the utilization
of existing capacities while addressing issues of mobility and sus-
tainability.

CONCLUSION

The analysis of residential construction in Moscow and the Mos-
cow Region has identified areas with a high concentration of hous-
ing development. More than half of the total residential construction
volume is carried out by ten developers, with GK “PIK” and GK
“Samolet” being the largest. Geoinformation analysis has revealed
the formation of several stable development clusters (“zones”), pre-
dominantly located along the administrative boundary of Moscow,
in territories functioning as a continuation of the metropolitan ag-
glomeration. This pattern should be taken into account, as despite
their formal administrative affiliation with the Moscow Region, these
territories effectively operate as extensions of the capital. The re-
sults obtained in this study may be applied in the development of
organizational and technological mechanisms aimed at transferring
the most complex and labor-intensive processes from construction
sites to industrial production facilities. Such an approach would
contribute to reducing overall costs and ensuring high construction
rates in the housing market, while integrating construction flows
across Moscow and the Moscow Region.
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BnusHue KOHUEHTpauuu npeanpuaTun
CTPOWMHAYCTPUU Ha hopMMpOBaHUE

M pa3BUTUE XUJIULLHOIO CTPOUTENbCTBA
B MockoBckou arnomepauuu

B cTtatbe npefacTtaBneH aHanu3 AMHaMuKM QOPMUPOBAHUSA U
pasBuTUA pbiHKa Xunbs B Mockee 1 MoCKOBCKOM 0611aCTh C y4e-
TOM CTEMEHM KOHLEHTpauun NpeanpuaTuii CTPOUTENIbHON WUH-
JyCTpun Ha AaHHon TeppuTopuu. [NpoBefeHHbI aHann3 6asu-
pyeTcs Ha OCHOBE CTaTUCTUYECKMX AaHHbIX EgMHOro peectpa
3acTpovimkoB (EP3) 3a nepnog 2017-2025 rr. MNpwu ncenepo-
BaHUW ObIIM UCMOSIb30BaHbl CTATUCTUYECKME METOAbI, METO-
Obl CUCTEMHOIO U AMHAMWYECKOro aHanuaa. Takxe 6bun npu-
MEHEHbI CUCTEMHBIV, AUHAMUYECKUA U FTEOMHMOPMALMOHHbIN
nopxofpl. B xoge npoeegeHua nccnenoBaHuns 6biIn BbiSBIe-
Hbl OCHOBHblE 3aKOHOMEPHOCTU BIINSAHNS CTEMEHU KOHLEeHTpa-
LN MHOYCTPUanbHOro JOMOCTPOEHUS HA CTENeHb CTPOoUTESb-
HOW aKTMBHOCTW No panoHam MockBbl 1 MOCKOBCKOW 06nacTu.
YcTaHOBNEHbI paioHbI C BbICOKOW CTEMEHBI0 KOHLEHTPALUN PbIH-
Ka 06bEKTOB HEOBUXUMOCTMU, rae 60sbLie MOoNOBUHbI NioLlanen
CTPOSILLErocs Xunbs BO3BOAUTCS OECATHIO KPYMHbIMU 3aCTPOW-
LMKaMN B paMKax KaXforo pervoHa. FeomHMopmaLumOoHHbIN
aHanua nokasan opMMpoBaHNE HECKOJTbKNX YCTONYMBLIX Tep-
puTopmanbHbIX KNacTepoB («OCTPOBOB» 3aCTPOWMKK), pacnonara-
IOLLIMXCS MPEMMYLLIECTBEHHO Ha rpaHuLe ropoga MockBsbl 1 dak-
TUYECKM 06pasyoLLMX eQUHYI0 30HY CTPOUTENBHOIO Pas3BUTUSA
pbIHKa XWUNbs ¢ NpunerarwLlen arnoMmepaumen. B ctatbe noka-
3aHO, 4TO flokanuaauns CTPOUTESIbHbIX NPOEKTOB CBA3aHa Ha-
NpsIMy0 C pa3meLLeHeM N KOHLEHTpaLumnen 06beKTOB CTPONMH-
aycTpuu. MNony4YeHHble pedynbraThbl MOFYT 6bITb UCMOMb30BaHbI
npwv NIaHNPOBaHUN NMOTOYHOrO BO3BEAEHNS OOBLEKTOB HEABUXM-
MOCTM Ha PbIHKE XWMbsA U Pa3BUTUN TPebyeMon pernoHanbHom
VMHPPaCTPYKTYypb!.

KnroyeBbie crioBa: XWUNLLHOE CTPOUTENILCTBO, CTATUCTUHECK NI
aHanuna, reouH@opPMaLMOHHbIV aHaIn3, CTPOUTEIbHbIE MTOTOKU,
CUCTEMHbIVi aHann3, CTPOUTEbHAs MHARYCTPUS, AMHaMUKa CTPOU-
TenbcTBa
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Content and principles of investment
analysis and business planning for IDT
development projects
The scientific paper is devoted to the urgent topic of the need for methodological support for the implementation
of projects of the integrated territorial development programme (IDT), which has been steadily increasing its po-
tential and has become an advanced tool for spatial transformation. In conditions of instability of the economic
environment and the presence of many features of the IDT mechanism, it is important for the developer to imple-
ment an integrated approach to the pre-investment study of the project in order to make a rational investment de- - P

cision on participation in the project. In this regard, the problems and some important features characteristic of
the IDT mechanism are noted, which affect aspects of pre-investment activities. The authors analyzed the con-
ceptual and categorical apparatus of the “pre-investment stage” and considered the issue of the process content
of this stage. In order to determine the possibility and specifics of using the developer's practical activities, the in-
vestment decision-making tools, investment analysis and business planning, are considered through the prism of
the IDT. For these processes, general characteristics are presented and behavioural principles in the conditions
of the IDT are noted, which require consideration in the investment and construction activities of the development
implementation. The results of the study led to a conclusion about the versatility, complexity and importance of
investment analysis and business planning processes in the framework of the pre-investment study of the IDT.

Keywords: Integrated development of territory (IDT), investment analysis, business planning, real estate devel-

opment, organizational and economic sustainability of the developer
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urrent trends in the domestic development of

urban spaces dictate the need for a system-

atic approach to the qualitative transformation
of territories. This need is being met today through
the mechanism of integrated development of territo-
ries (IDT), which is aimed at improving the urban en-
vironment by reorganizing depressed areas and mis-
used territories and forming modern blocks of resi-
dential, commercial, and social real estate in their
place with modernized transport and engineering in-
frastructure and well-developed landscaping.

Despite the pace of development and scale of
coverage that has been increasing annually since
2020, the existing IDT mechanism has a number of
bottlenecks that require solutions due to its “youth”.

The analysis of the research indicates that there
are significant gaps in legislation that can cause
conflict situations between stakeholders involved
directly or indirectly in the implementation of the IDT.
Such gaps include provisions on the seizure of land
plots for the implementation of the IDT, some issues
of bidding for the right to conclude an IDT agree-
ment, the unambiguity of interpretation and trans-
parency of the terms of the IDT agreement, and
other legal features [1, 2].

Also, the issue of the ambiguous attitude of resi-
dents to measures for their resettlement during
the housing development is considered important.
Such a problem of public anxiety is caused by
the lack of clarity or even lack of legislative guaran-
tees on relocation options and the specifics of hous-
ing provided in return [3].

A number of researchers speak about the prob-
lems of the economics of IDT projects, in particular,
they express opinions about the potentially low eco-
nomic efficiency of the IDT project for the investor

due to the obligations to reproduce social and com-
mercial real estate, as well as transport and engi-
neering infrastructure, which is often supposed to
be transferred to the ownership of a public entity for
free [4]. In this regard, a significant role in assisting
the investor can be played by the financial and eco-
nomic justification of the IDT project performed by
a public entity in the process of establishing
the boundaries of the IDT and forming a decision on
the IDT [5]. Such a justification should presumably
include sufficiently detailed parameters for the in-
vestor's implementation of the IDT project (capital
(CAPEX) and operating (OPEX) expenses, pro-
spective generated revenues), as well as an assess-
ment of the investment effectiveness of a particular
project.

Against the background of these circumstances,
the consistent issue of achieving the goal and benefi-
cial effect of the concept of the IDT on the territory of
the Russian Federation is the task of forming a com-
prehensive practice-oriented methodological sup-
port for its implementation, taking into account in
detail the legal, organizational, economic and other
features of the concept of the IDT. One of the sub-
jects of such provision may be the tools of pre-invest-
ment study in order to make an investment decision
on the implementation of the IDT project by a devel-
opment organization.

Given the imperfection of the IDT programme,
a strategically important decision on investing a devel-
opment organization in the IDT project should be made
based on an assessment of a number of criteria that
take into account the characteristics of the developer
and the specifics of the project, along with a deep sys-
tematic analysis of past and present experience, as
well as future market trends. The consistency inherent
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Analysis of the conceptual and categorical apparatus of the “pre-investment stage” (compiled by the author on the basis of [10—13])

The author(s)

Name of the concept
of the scientific work ame ot the concep

Interpretation of the concept

Fou

Pre-investment stage (pre-project

Mai
stage, conceptual stage)

P.G. Grabovyy and others

r areas of research within the stage:

« concept creation;

« project analysis (including financial, investment, technical, marketing, etc.);
« feasibility study;

« development of a business plan.

n tasks:

« real estate market analysis;

« formation of conditions for attracting investments;

« coordination of regulatory issues;

« forming a project team;

« choosing the optimal time period for the implementation of the development project

Pre-investment phase (initial phase,

S.V. Bovteev
concept)

Works as part of the phase:

« preliminary studies;

- comparative evaluation of alternative options;
« submission and examination of proposals;

« project feasibility analysis;

« strategy development

AN. Asaul Pre-project stage (initial stage)

Components of the pre-project stage:

« real estate market analysis;

« choosing a property;

« development of a project strategy;

« investment analysis;

« registration of initial permits;

« attraction of credit investment funds

The

S.V. Pupentsova Pre-investment phase

pre-investment decision phase includes:

« exploring the possibilities of a future project;

« conducting feasibility studies;

« comprehensive assessment of future design solutions;
« comparison of alternatives;

« financial analysis;

« preparation of the design plan

in the philosophy of such an analysis implies the integration of many
process components, each of which is aimed at a specific area of
the project (urban planning, financial, legal, etc.). In a typical economic
environment of hierarchical information flows and multifactorial nature,
it is extremely important to consider these elements together in order to
understand their interrelationship and influence on each other [6-8].

The developer makes an investment decision within the frame-
work of the IDT project based on forecasting a possible profit.
The main principle of investing and, consequently, the primary goal
of the developer is to extract financial profit from the implemented
project. In addition to financial enrichment, the benefits sought may
also include:

e strengthening or enhancing the organization's reputational

image;

e development of the asset portfolio and expansion of market

influence;

e acquisition of experience and development of the intellectual

and technological capital of the organization.

It is advisable for the investor to carry out an analysis of any
investment and construction project at the pre-investment stage
(phase) of the project life cycle in order to form a comprehensive
and holistic understanding of the project features, which allows pre-
dicting potential difficulties and pre-planning optimal solutions be-
fore investing funds or completely abandoning the idea of investing.

In the ideology of decomposition of the life cycle of a develop-
ment project, including for the IDT projects, the pre-investment
stage is regarded as a stage of familiarization and in-depth study of
the specifics of the project. In practice, this stage involves carrying
out a set of consistent analytical and research processes aimed
at substantiating the expediency and rationality of investing in
the project [9].

Over the past decade, the scientific and business communities
have been paying special attention to the pre-investment stage,
including the process content of this stage. In order to systematize
knowledge and find commonalities between the concept of “pre-
investment stage” in investment and construction activities and
terms similar to it, reflected in the research of various authors,
an analysis of the conceptual and categorical apparatus was car-
ried out (Table) [10-13].

The analysis illustrates that the pre-investment stage is regarded
by researchers as a fundamental stage of an investment and con-
struction (development) project, the analytical and research process-
es of which are focused on a multidimensional assessment of inves-
tor opportunities and project specifics. At the same time, it is fair to
emphasize the existence of contradictions in terms of the structure
and content of interpretations, which sets the direction for further
theoretical and methodological developments in order to improve
the preparation phase of investment and construction projects.
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The identified gaps related to the pre-investment activities of
the development project in the context of the IDT programme are
further complicated by the imposition of provisions characteristic of
the mechanism:

e the IDT mechanism involves the initiation of a project —
the preparation of a solution and the “completion” of the pro-
ject with urban planning and technical and economic indica-
tors and implementation requirements — by a public entity
(authority), except in cases of the IDT implementation on
the initiative of the copyright holder;

e the IDT mechanism primarily involves the implementation of
a project by a person engaged in the development of the ter-
ritory (investor, developer), through bidding for the right to
conclude an IDT agreement (with the exception of the type of
IDT initiated by the right holders and the independent imple-
mentation of the IDT by a public entity (authority));

e the IDT mechanism, in comparison with a traditional develop-
ment project, assumes the closest interaction, including the need
to fulfill obligations, of the person responsible for the develop-
ment of the territory (investor, developer) with a public entity
(authority) within the framework of the IDT agreement.

The conjuncture of the IDT implies that the person carrying out

the development of the territory (investor, developer) is not the di-
rect initiator of the project, as is the case with a traditional develop-
ment project, when, based on an assessment of investment attrac-
tiveness, he acquires a land plot for specific project objectives
based on the results of a pre-investment study. In the conditions of
the IDT, the authority, except in cases of independent project imple-
mentation, actually offers the developer to become a partner in
the implementation of the IDT, that is, the developer is considered
a potential “buyer” (contractor).

Separately, it is worth noting two features of the concept of
the IDT related to the temporal aspect and determined on the basis
of the practice of the authors in the most average case:

e the period from the moment of publication of the decision on
the IDT to the selection of the contractor for the implementa-
tion of the IDT project based on the results of the auction is
about 2 months;

e the deadline for the implementation of the IDT project is from
7 to 15 years.

These features cause a temporary dichotomy in the behaviour of
the IDT mechanism, which must necessarily be taken into account
by the developer before analyzing a specific project. This dichotomy
lies in the fact that the pre-investment study and the adoption of
an investment decision should be carried out in a fairly short time,
urgently, while the implementation of the IDT project itself is pro-
tracted with strict boundaries. In the first case, the developer needs
to show operational efficiency, flexibility and mobility, and in the sec-
ond case, the developer needs to have a high level of long-term
strategic planning with advanced techniques for managing changes
and reallocating resources during the implementation of the IDT
project.

In the current situation, it is proposed to make an investment
decision on joining or abandoning the IDT project from the perspec-
tive of the developer's current and long-term opportunities and risks,
fully taking into account the design parameters and contractual con-
ditions. Thus, the most adequate category for determining the expe-
diency of a developer's investment in a real estate development is
the organizational and economic stability of the developer, which
characterizes, in a general sense, the ability to withstand the effects
of external and internal factors, maintain at a certain balanced level

the multidimensional indicators of production and economic activity
and ensure stable long-term development of the organization.

Based on this consideration, the pre-investment study of the IDT
project may involve the inclusion of the most common complex pro-
cesses — investment analysis and business planning.

Investment analysis (IA) in investment and construction activi-
ties is a multi-stage set of techniques and practical tools, the main
purpose of which is to assess the effectiveness of the investment
activity of a developer in relation to a potential project based on
multidimensional indicators and conditions of investment and proj-
ect parameters [14].

The theoretical and methodological provisions reflected in
the scientific works of Russian scientists, as well as the results of
the analysis of modern development activities, made it possible to
identify the main components of |A [15-18]:

e financial analysis;

e technical analysis;

e legal analysis;

e marketing analysis.

We will describe in the most detail each of the presented types
of analysis in relation to the specifics of the IDT.

The financial analysis of the IDT project is aimed at a multi-level
assessment of the macroeconomic situation, the attractiveness of
the IDT project and the financial stability of the developer. The pa-
rameters defined in the course of each of the directions (cost analy-
sis, revenue forecast, cash flow planning, identification of sources,
schemes and conditions of financing, indicators of the viability of
the organization) are elements of the financial model of the develop-
ment project of the IDT, based on the results of which the indicators
of the effectiveness of participation in it are determined (NPV, IRR,
PP, PI, ROI, Gross Margin and others).

The technical analysis within the framework of the IDT includes
an assessment of the features of the territory involved in terms of
the possibility of reproducing capital and non-capital construction
facilities and linear structures on it. In this regard, the issues of
placement on the territory and in the immediate vicinity of existing
real estate and non-capital buildings, engineering and technical
support networks, road infrastructure facilities, as well as geologi-
cal and hydrogeological conditions of the land plot are being stud-
ied. In addition, the main limitations and potential of the implemen-
tation of the planning, spatial, architectural and construction plans
of the developer are preliminarily determined.

The legal analysis should be aimed at supporting the legitima-
cy and transparency of the procedures for concluding and execut-
ing a land management agreement between a public entity and
an executor, as well as identifying all possible land management,
urban planning, and technical limitations of a land management
project through the study of tender documentation, title deeds, le-
gal and regulatory acts, and law enforcement practice.

The marketing analysis in the context of the IDT is based on per-
forming a set of studies of macro-, meso- and microlevel environ-
ments. It is important for a developer to know the key global trends
(the geopolitical situation, demographic statistics, socio-cultural situ-
ation), the conjuncture of the investment and construction sector and
the real estate market (supply and demand for real estate, competitor
analysis) and adequately assess the level of the corporate develop-
ment product and the possibilities of marketing tools.

Business planning (BP) in the investment and construction sec-
tor is regarded as a form of presenting the project under consider-
ation to prospective stakeholders and a tool for achieving target
indicators at the strategic, tactical and operational levels [19-21].

>
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The result of the BP is a developed document (business plan),
which, in its most general form, contains information about market
conditions, marketing strategy, organization of work, financial indi-
cators and risks of the project [19]. In addition, a business plan can
be drawn up for different time periods — for 1 year, for 3-5 years,
for 5-10 years.

In the practical activity of a developer, the BP of the IDT project
differs significantly from the BP of a development project according
to the classical scheme involving the purchase or lease of a land
plot. Moreover, the BP tool in modern development practice, includ-
ing in the framework of the IDT, in comparison, for example, with
innovative projects, is gradually losing its relevance and value and
is becoming a vestige.

However, the authors believe that the applicability of the BP by
a developer in the field of the IDT may be determined by the need to
form, based on the results, including investment analysis, a unified
strategic programme of the organization's production and economic
activities for the period of implementation of a specific IDT project as
atarget and auxiliary “beacon”. In this case, the task of the BP in the
conditions of the IDT is not only to justify the expediency of partici-
pating in the project, but also to identify areas of inefficiency and
control levers, as well as to predict non-financial bonuses from
the implementation of the project. In addition, the strategic concept
developed in this way can be presented to the banking structure as
a document confirming the intentions and viability of the developer
in order to obtain the necessary debt financing.

Turning to practice, the author's observations of the activities of
large development organizations confirm the existence in their or-
ganizational structures of a clear division of the IA and BP activities
between competent departments. Performing the type of pre-
investment study assigned to the functional, structural divisions
provide reporting and analytical information based on its results
and, as part of participation in a joint discussion (at the investment
committee) with top management, make a positive or negative deci-
sion on the expediency of investing in the IDT project.

Summarizing the results of the study, the IA and BP processes
described above in the focus of the IDT should meet certain prin-
ciples, including:

e the principle of interdisciplinarity, according to which the IA
and BP should take into account the managerial complexity of
IDT projects and, therefore, imply processes based on the in-
tegration of the results of studying several subject areas at
once;
the principle of taking into account the territorial context, ac-
cording to which, within the framework of the IA and BP,
the parameters of not only the land plot involved in the devel-
opment process (as, for example, in point development pro-
jects, but also the immediate environment for the harmonious
implementation of a new project into the urban fabric) should
be considered;
the principle of taking into account the infrastructural and in-
stitutional load, according to which, when performing the 1A
and BP, it is necessary to distinguish which components of
the load are investments and which are resource costs;

the principle of functional distribution, according to which
the IA and BP should take into account the balanced mainte-
nance of real estate (residential, social, commercial), infra-
structure (transport, engineering) and landscaping of the ter-
ritory involved in the development;

e the principle of scripting, according to which the IA and BP
should be implemented according to several scenarios,

assuming different outcomes for the developer, as well as
other stakeholders;

e the principle of strategic effect, according to which the IA and
BP should be focused not only on obtaining financial benefits,
but also on long-term, strategic positive results.

Thus, the analysis of the specifics and principles of the IA and
BP in the framework of the pre-investment stage of the IDT projects
allowed us to form generalizing conclusions that have methodolog-
ical and applied significance for the theory and practice of invest-
ment and construction activities. The multiphase nature of imple-
mentation, resource intensity, managerial complexity, infrastructural
and institutional burden of the IDT projects require such pre-invest-
ment study tools as the |A and BP to provide high accuracy of initial
data, breadth and depth of coverage of subject areas, dynamism
and iteration of project behaviour and sensitivity assessment, and
detailed forecasting.

The information obtained during the IA and BP is a basis, the ra-
tional use of which makes it possible to minimize uncertainty through
the possibility of more accurate planning and modeling of target ur-
ban planning, technical, economic and other indicators of the project,
as well as indicators of necessary resource provision, which directly
reduces the risk component of the project and increases the likeli-
hood of achieving the planned effectiveness in the event of entry into
the project IDT.
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CopepxaHue U NpUHLMNbI
MHBECTULIMOHHOro aHanu3sa

n 6U3Hec-NJaHMpPoBaHNsA
AeBenonepcKux NpoeKToB
KOMMJIEKCHOrO pa3BUTUS TEPPUTOPUN

Hay4Hasa ctaTb MocBslleHa akTyanbHOW TeMaTuke HeobXo-
OVMOCTU METOAMNYECKOro obecrneveHmns peann3aumm npoeKTos
nporpamMmbl KOMMeKcHoro passuTusa Tepputopun (KPT), exe-
rogHO HapaluvBaloLLen CBOV NoTeHuman n SBnsaLlenca nepe-
[OBbIM UHCTPYMEHTOM MPOCTPAHCTBEHHOro NpeobpasoBaHms.
B ycnosusx HecTabunbHOCTN 3KOHOMWYECKOW Cpefbl N Hanu-
4nsa MHOXecTBa ocobeHHocTen mexaHnama KPT gesenonepy
BaXXHO OCYLLIECTBUTb KOMMJIEKCHBIA MOAXOA K MPefbIHBECTULIM-
OHHOV MpopaboTKe MpoeKTa Ans NMPUHATUSA paLUOHaNbHOro UH-
BECTULIMOHHOIO peLLeHns 06 y4acTum B NpoekTe. B aTon cBA3n
OTMeYeHbl NPO6IeMbl Y HEKOTOPbIE BaXHble XapaKTepHble ANs
MexaHuama KPT 4epTbl, KOTOpble BAMAIOT HA acneKTbl NpeabliH-
BECTULMOHHOW AesATeNIbHOCTU. ABTOpPaMu OCYLLECTBIIEH aHanms
NMOHATUNHO-KaTEropMnMHOro annapara «npeabIHBECTULMOHHAA
cTagus» N pacCMOTPEH BOMPOC MPOLECCHOrO HaMoSIHEHUS AaH-
Hou ctaguun. C Lenblo onpefeneHnsi BOSMOXHOCTU U cneundu-
KN UCMOMb30BaHMA B MPaKTUHECKON AEATENbHOCTU AeBenonepa
paccmoTpeHbl Yepes npuaMy KPT MHCTPYMEHTbI NPUHATUS MHBE-
CTULIMOHHOIO peLleHUs — UHBECTULIMOHHBIN aHanu3 n 6usHec-
nnaHuposaHus. [ns gaHHbIX NpoLeccoB npeacTasieHbl obLne
XapakTepUCTUKM U OTME4EeHbI MOBEAEHYECKME NPUHLMMbI B YCIO-
Buax KPT, TpebytoLimne y4eta B MHBECTULMOHHO-CTPOUTESNTLHOW
OesaTenbHOCTM [eBefionepckon peanudauuu. PedynbtaThl uc-
CcefoBaHNsA MO3BOMWAM cAenatb BbIBOA O MHOrOrpaHHOCTH,
CIIOXXHOCTU U BaXXHOCTM NPOLIECCOB UHBECTULIMOHHOIO aHanuaa
N 6GU3HEeC-NNaHMPOBaHNA B paMKax npefbliHBECTULMOHHOWN Npo-
pa6oTkun KPT.

KnroueBble cnoBa: koMmrisiekcHoe passutue tepputopun (KPT),
UHBECTULMNOHHBIN aHann3 6u3Hec-rniaHuposaHne, neBesior-
MEHT HEABUXUMOCTU, OPraHn3alymoHHO-9KOHOMUYECKas yCTom-
41UBOCTb fesesiornepa
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Digital Twin of Urban Areas as a Tool
for Improving Development Project
Business Planning

In the context of growing competition in the construction market, effective planning is a key tool for optimizing
resources and minimizing risks, allowing construction companies not only to survive, but also to achieve sus-
tainable profit growth through accurate forecasting and coordination of all stages of project implementation. One
of the important documents in the implementation of a development project is a business plan. This document
is developed based on an assessment of the urban development potential of the territory. The amount of pro-
ject costs, the accuracy of the financial model, and, most importantly, the effectiveness of the project itself de-
pend on how accurately and correctly this analysis is carried out and a business plan is drawn up. Digital tech-
nology tools are currently being actively used to improve the accuracy of forecasts and development scenarios,
the reliability of set parameters, and the quality of information received. One of these tools is the creation of a dig-
ital twin of the territory.

Coordinated development of transport infrastructure and investment projects has also recently become an impor-
tant factor. Based on the analysis of the transport network and the real estate market, demand is studied and
the unmet demand of potential buyers are identified. Based on the data obtained, project concepts are being
developed that reflect their uniqueness and attractiveness. Financial modelling, risk assessment, investment
justification and forecast of results are carried out, and the developed business plans become the basis for making
investment decisions.

Despite the active introduction of digital twins into urban planning practice, the issue of quantifying their impact
on the synchronization of transport infrastructure and development projects has not been sufficiently studied in
the scientific literature. The relevance of the research topic is due to the need to develop and formalize methods
for assessing infrastructure lag and ways to minimize it.

The aim of this study is to develop an integrated model for quantifying the impact of the digital twin of an urban
area on transport load parameters and the economic efficiency of development projects. The calculation of trans-
port demand is based on aggregated normative indicators of urban mobility, and the assessment of the economic
effect is based on a comparative analysis of investment attractiveness.

The theoretical basis of the research was scientific work in the field of construction organization, real estate deve-
lopment, urban planning and digitalization. Research methods: scenario modelling and comparative analysis.
Keywords: digital twin, construction, transport infrastructure, residential real estate, infrastructure lag, develop-
ment project efficiency, business planning
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The current stage of human development is
characterized by accelerated rates of urbani-
zation, which, on the one hand, stimulates
economic growth, providing more comfortable and
safe living conditions, and on the other hand, be-
comes a source of acute spatial contradictions, irrep-
arable damage to the environment, and an increase
in population concentration [1, 2]. According to
the UN, by 2050, almost 70 % of the world's popula-
tion will live in cities (Fig. 1) [3].

In the current context of urbanization, a persistent
gap is emerging between the pace of housing con-
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struction and the development of transport infrastruc-
ture [4, 5]. This contradiction creates the phenomenon
of “infrastructure lag”, which justifies the need to cre-
ate and utilize a unified digital environment designed
to synchronize spatial planning and transport model-
ling [6]. Traditional territorial planning tools, based pri-
marily on static documents and disparate information
bases, do not provide a sufficient level of systemic
management [7]. The lack of a digital tool capable of
integrating fragmented data into a single database
and modelling solutions is becoming a serious prob-
lem, resulting in congestion of the road network,
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Fig. 2. Tasks of the digital twin of the territory
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Identifying problem areas in existing infrastructure and
reducing investment risk

Fig. 3. Application of the DT at the pre-project stage
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Planning ]
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the facility and commissioning of transport
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Impact on the project

Minimizing the time gap, increasing investment attractiveness

Fig. 4. Application of DT in the planning stage

increased social tension, and a decrease in investment attractiveness
for both developers and property buyers [8, 9]. To address this prob-
lem, a digital twin of the territory can be used.

A digital twin of a territory (DT) is considered a visualized infor-
mation and analytical system that integrates spatial, transport, en-
gineering, social, and economic data [10, 11]. Unlike standard geo-
graphic information systems, which only store and display data, a

DT is distinguished by the possibility of scenario modelling [12].
The tasks solved by a digital twin of a territory are formulated below
(Fig. 2) [13].

This article introduces the concept of “infrastructure lag” —
the time interval between the commissioning of a capital construction
project and its provision with regulatory transport infrastructure [14].
The use of a digital twin of the territory allows the developer to



HeaBmXnMOoCTb: SKOHOMUKA, ynpaeneHune

MexayHapoaHbI Hay4HO-TEXHUYECKUI XYypHan

JKOHOMMKA N MEHE[LXMEHT HEABUXUMOCTH

#1/2026

19

Life cycle stage

Construction ]

DT function

Comparison of forecast indicators with actual ones,
identification of deviations

Impact on the project

Adjusting construction schedules to ensure synchronization

Fig. 5. Application of DT at the construction stage
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Fig. 6. Application of the DT at the operational stage
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Fig. 7. Initial data of the residential complex development project

influence the size of this interval already at the early stages of the life
cycle of the capital construction project (Fig. 3-6) [15, 16].

The conducted analysis of the functional application of the DT
in the context of transport infrastructure at each stage of a build-
ing's life cycle allows us to conclude that this technology is not sim-
ply a tool for digitalizing the urban environment; it is being trans-
formed into a systemic apparatus for managing the time and
economic parameters of territorial management.

In calculating the infrastructure lag, we will use (1):

L=T,-T,

where T, — date of commissioning of the facility;
T, — launch date of transport infrastructure facilities.
If L > 0, a shortage of transport infrastructure begins. In today's
reality, this indicator ranges from 1 to 3 years.
To quantify this indicator, we will consider two scenarios for
implementing a residential development project: one with and one
without the use of a DT. The initial data will be presented in the Fig. 7.

/ |

| Estimated
commissioning of
The residential transport
complex is expected infrastructure
to be facilities:
commissioned: 2029
2026

The calculation of the predicted number of residents P, can be
calculated using the indicator of the volume of residential develop-
ment V4 and the average housing provision A, , according to (2):

Vg _ 100,000 m’

p =
30

= 3,333 people.
1o Ao peop

2

Next, we calculate the daily demand for transport infrastructure,
D;. We take into account that, in the context of urban mobility, the ave-
rage number of trips, Q, is two trips per person per day (3):

Dy =P, Q = 3,333 people - 2 trips/day = 6,666 trips. (3)

Note that pendulum migration M, constitutes the dominant part
of urban mobility, and for the calculation we will take the share of
75 % (4):

M, =Dy - 75 % = 6,666 trips - 75 % = 5,000 trips/day. (4)

Thus, the baseline scenario assumes a model in which resi-
dents will increasingly use personal transport (up to 60 % of all
trips) over three years, generating additional vehicle traffic (Fig. 8).

>
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Fig. 8. Baseline scenario
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Fig. 9. Complex scenario

Table 1. Calculation results

Basic scenario
(without synchronization)
Share of trips by car (k) — 60 %:
Qautor =M, - k =5,000 - 60 % =
= 3,000 trips per day.
Infrastructure lag (1):

Integrated scenario
(using the DT)
Share of trips by car (k) — 40 %:
Qautox =M, - k=5,000 - 40 % =
= 2,000 trips per day.

The infrastructure lag is reduced to 1 year
by modelling the transport load at the de-
sign stage of the project and the phased
commissioning of individual buildings

L =T,-T,=2026-2029 = 13 year

High load maintained for 3 years Moderate load for 1 year

Meanwhile, the comprehensive scenario assumes a reduction in
motorization by up to 40 % (Fig. 9).

Let's conduct a comparative analysis and display the data in
Table 1.

Comparison of scenarios and calculation of relative load reduc-
tion will be calculated using (5):

3,000 - 2,000
3,000

L= Qauto.b _Qautak _

-
Qauto. b

-100% = 33 %. (5)

The economic consequences of reducing infrastructure lag are
reflected in the increased investment attractiveness of the territory.
Research in real estate economics demonstrates a correlation be-
tween the property value bonus and proximity to transportation infra-
structure [17]. Reducing travel time to key transportation

Economic

Technical

Table 2. Calculation of revenue in the baseline and complex
scenarios

Basic scenario
(without synchronization)

Integrated scenario
(using the DT)

Revenue using the DT is:

R, =R, - 7 =30 billion rubles x
x 7 % =32.1 billion rubles

Revenue without the use of DT is:

R, =V,4-P=100,000 m?- 300 thousand
rubles/m?= 30 billion rubles

hubs increases the market value of a square meter of residential real
estate by 5-10 % [18]. The calculation model assumes an average
value of 7 % and a residential real estate selling price of 300,000 rub-
les per square meter. The calculation is presented in Table 2.

The study confirmed that the current misalignment between
housing construction and urban transport infrastructure develop-
ment creates a measurable infrastructure lag, which negatively im-
pacts the performance of both. The proposed modelling allowed for
a quantitative assessment of the results of possible development
project scenarios and substantiated the positive impact of using
a digital twin of the territory.

Thus, in the calculation model, the use of the centralized traffic
control system for synchronizing residential and transport infra-
structures creates the following effects:

e reducing the load on the road network by 33 %;

e reducing the infrastructure lag from 3 years to 1 year;

e redistributing transport demand in favor of public transport

and reducing the share of trips by private car.

Legal

[ 1 [ 1

—

high cost of implementation,
maintenance and updating of

. . tems:
information; systems;

|| increased risk of cyberattacks;

I:' the difficulty of determining

the complexity of integrating
data into local government

|| lack of development standards;

D uncertainty of those responsible
for modelling errors;

economic efficiency; D issues of updating, storing and
using big data;
D long-term payback |:| errors in collecting and |:| insufficient legal regulation
analyzing big data

Fig. 10. Limitations on the use of DT
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As a result, a more balanced functioning of the urban environ-
ment is achieved. Economic calculations show an increase in
the project's investment value with improved transport connectivity:
with the transport infrastructure development effects assumed in
the model, the additional financial benefit amounts to 2.1 billion ru-
bles, corresponding to a 7 % increase in revenue.

The synergy of the obtained modelling results allows us to con-
sider the digital twin of a territory as a necessary tool for strategic
management of territorial development, ensuring the coordination
of spatial, transport and investment decisions in the life cycle sys-
tem of capital construction projects.

However, it should be noted that the modelling conducted has
a number of limitations related to its scenario-based nature:

e average indicators were used in the calculations;

e the costs of creating and/or accessing the digital twin were

not taken into account.

And, despite the full potential of using a territory's digital twin, it
has numerous limitations, as outlined in Fig. 10.

As a result, it can be concluded that a digital twin of a territory
is an important tool for development projects, which allows for
a quantitative assessment of transport load parameters, minimizing
infrastructure lag, and increasing the economic efficiency of proj-
ects.
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Linchposoi oBOMHUK TeppuUTOpUMN

KakK MHCTPYMEHT NOBbILLIEHUS
achcheKTUBHOCTN 6BU3HEC-NNaHNMPOBaHUSA
AEeBeIoNepPCKUX NpoeKToB

B ycnoBusx pacTylien KOHKYPEHLMN HA CTPOUTENIbHOM PbIH-
Ke 3(PPeKTUBHOE NNaHMpoBaHue ABMAETCA KHO4YEeBbIM UHCTPY-
MEHTOM ONTUMM3aLMU PECYPCOB YU MUHMMMU3ALIMN PUCKOB, MO-
3BOMSAOLLMM CTPOUTENbHBIM KOMMNAHUAM HE TOMbKO BbDKMBATb,
HO 1 JO6MBAaTLCS YCTOMHYMBOrO pocTa NpubbIv 3a CHET TOYHOro
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rnaBHoe — 3h(PEKTUBHOCTb CaMOro npoekTa. [ns nosbILeHUA
TOYHOCTWU NPOrHO30B U CLieHapVeB pas3BUTUS, LOCTOBEPHOCTU
3aknagbiBaeMbIX NapaMeTpoB 1 Ka4ecTBa nony4aemon nHhop-
MaLun Ha CEerofHALLHUA AeHb aKTUBHO MCMONb3YOTCA MHCTPY-
MEHTbI LMGPOBbIX TeEXHONOrni. OOHNUM U3 TAKUX MHCTPYMEHTOB
ABNSETCH CO3haHve LMdPOBOro ABOVHNKA TEPPUTOPUMN.

Takxe B nocnefHee BpeMsi BaXHbIM (DaKTOPOM CTano CKoopau-
HMPOBAHHOE PasBUTUE TPAHCMOPTHOM MHPPACTPYKTYPbI U NHBE-
CTMLMOHHbIX MPOEKTOB. Ha ocHoBe aHanv3a TpaHCMOpPTHOW ceTu
N pblHKa HEABVXXUMOCTM U3y4aeTcs CNpocC U BbIABAAOTCSA He-
peann3oBaHHble NOTPEOGHOCTN MOTEHUMANbHbIX MOKynaTenewn.
Ha ocHoBe mony4eHHbIX AaHHbIX pa3pabdaTbiBatoTCA KOHLENUum
NPOEKTOB, OTpaXaloLine UX YHUKanbHOCTb U NpuBMeKaTesb-
HOCTb. [NpoBoanTCS (hHaHCOBOE MOAENMPOBaHUE, OLeHKa pu-
CKOB, 060CHOBaHME MHBECTULIMIA 1 NPOrHO3 pe3ynbTaToBs, a pas-
paboTaHHble 6U3HEC-MNaHbl CTAHOBATCA OCHOBOW OIS MPUHATKSA
UHBECTULIMOHHbIX peLueHvu7|.
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HecmoTpsi Ha aKTMBHOE BHefpeHue LNAPOBbLIX LBONHUKOB
B NPaKTWKy rpafoCcTpOMTENbCTBA, B Hay4YHOW nuTepaType He-
[OCTaTO4YHO M3YYeH BOMPOC KONMYECTBEHHON OLIEHKW UX BNUS-
HWA Ha CUHXPOHM3ALMIO TPAHCMOPTHOM MHMPPACTPYKTYpPbI U Ae-
BeJIONepCKNX NpPoOeKToB. AKTyaJ'IbHOCTb TeMbl nccrnegoBaHus
06ycsioBieHa HEO6XOANMOCTLIO pa3paboTkn 1 hopmanusannm
METO[0B OLLEHKM MHAPACTPYKTYPHOrO nara n cnoco6oB ero Mu-
HYMU3aumn.

Llenb pa6oTbl 3akntovaeTcs B pa3paboTke YKPYNHEHHOW MOoaenu
KONMNYECTBEHHOW OLIEHKM BANAHMS LIMPOBOro ABOMHMKA FOpoj-
CKOW TEpPUTOPMU Ha NapameTpbl TPAHCMOPTHOM HArpy3Kn U 3KO-
HOMUYECKYI0 3(PPEKTUBHOCTL AEeBENONEPCKNX NpoekTos. Pac-
YeT TPAHCMOPTHOro CNpOca BbIMOSIHEH HA OCHOBE YKPYMHEHHbIX
HOPMaTUBHBIX NOKa3aTenen ropoackon MoObUNLHOCTK, a OLieHKa
3KOHOMUYECKOro a(pheKTa Ha OCHOBE COMOCTaBUTENIBHOIO aHa-
nn3a I/IHBECTI/ILWIOHHOI7I npmueneKkaTtesibHOCTU.

TeopeTn4ecKkyo OCHOBY UCCIIe[0BaHNUA COCTaBUN Hay4Hble TPY-
Obl B 0651aCTV OpraHu3aummn CTpouTenbCTBa, AeBEIONMEHTa He-
ABWKMMOCTU, rpafoCTPOUTENIbHOrO MAaHMPOBaHNA U LMdpo-
Bu3aumu. Metofpbl nccnefoBaHus: cueHapHoe MOAenMpoBaHue
1 CPaBHUTENbHbIN aHanua.

KnroueBbie cnoBa: LnghpoBoLi ABOVIHVK, CTPOUTETLCTBO, TPAHC-
ropTHasi MHGPACTPYKTYpPa, Xuias HeABMXUMOCTb, MHGDPACTPYK-
TYPHbIVI Nar, 3¢bgheKTMBHOCTb AEBEJI0NEePCKMX MPOEKTOB, OU3HEC-
rniaaHupoBaHne
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Key factors influencing the mechanisms
of formation of the innovative portfolio of gas
transportation construction enterprises

High-tech construction companies face the need for continuous implementation of innovative solutions in order
to increase production efficiency, reduce costs and increase competitiveness. The mechanisms for selecting and
implementing innovative solutions require the formation of effective approaches to an objective assessment of
their potential and associated risks. A typical example of a high-tech construction sub-sector is the field of gas
transportation construction, whose enterprises are fully affected by the effects of this issue in the current mac-
roeconomic conditions. High-tech enterprises in the gas transmission construction sub-sector are influenced by
a complex set of internal and external factors. Solving the scientific problem of organizational and economic mod-
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eling of the mechanisms of formation of an innovative portfolio of enterprises involves the need to identify and | -
comprehensively analyze a vast factor space.
As a result of the multi-stage expert analysis conducted by the author, key external and internal factors influenc- Lysenkov
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organization and real estate man-

ing the mechanisms of formation of the innovative portfolio of gas transmission construction enterprises were
identified and classified. The use of a set of identified factors is also possible as part of the assessment of inno-
vations in the production systems of high-tech construction enterprises, which can contribute to the unification of
approaches and improve the effectiveness of mechanisms for selecting and implementing innovative solutions,

and the formation of an effective innovation portfolio of the enterprise.
Keywords: innovation, innovation portfolio, high-tech construction, production systems, factors
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odern construction is characterized by accel-
M erated development of technologies and ma-

terials, increased requirements for product
quality and shorter project implementation time [1].
Today, in the context of modern macroeconomic
conditions and shifts, the domestic investment and
construction complex is facing new challenges
and an extensive list of tasks to ensure sustainability,
efficiency and accelerated development. Their solu-
tion requires the search and use of reserves in the pro-
duction systems of construction enterprises [2].

This modern problem is particularly relevant for
high-tech sub-sectors of the construction complex,
for which macroeconomic instability, expressed in
restrictions on the import of foreign technologies
and equipment, as well as a decrease in the inflow
of investment resources from abroad, is often ex-
tremely high, and in some cases, critical impor-
tance [1]. In these conditions, development mecha-
nisms implemented on an innovative basis are
becoming highly in demand.

High-tech construction companies face the need
for continuous implementation of innovative solutions
in order to increase production efficiency, reduce
costs and increase competitiveness. The mecha-
nisms for selecting and implementing innovative solu-
tions require the formation of effective approaches to
an objective assessment of their potential and associ-
ated risks [1].

Within the framework of such mechanisms,
the innovative development of high-tech enterprises
in the investment and construction sector is based
on modern approaches to planning and implement-
ing technical, technological and organizational in-
novations that enhance the competitiveness, pro-
ductivity and economic efficiency of production

systems. Modern conditions for the transformation
of production systems of enterprises necessitate
an adequate restructuring of management systems
and processes: the development and implementa-
tion of innovative management methods for produc-
tion systems is the main condition for increasing
their competitiveness. Consequently, management
innovation solutions that harmonize production pro-
cess models primarily through the formation, devel-
opment and optimization of the functioning of orga-
nizational and managerial resources and structures
of the enterprise are a necessary element ensuring
the feasibility of these types of innovations within
the framework of a single innovation portfolio of
a high-tech construction enterprise [2-7].

A typical example of a high-tech construction
sub-sector is the field of gas transportation con-
struction, whose enterprises are fully affected by
the effects of all the described issues in the current
macroeconomic conditions.

In the proposed paradigm, it is advisable to
consider the tasks of forming and implementing
a portfolio of innovations of such enterprises in
the context of achieving the goals of ensuring their
strategic innovative development, including both
elements of goal-setting in the field of economic ef-
ficiency, competitiveness and growth, as well as
the necessary risk management mechanisms and
ensuring the strategic sustainability of the enter-
prise.

Solving the scientific problem of organizational
and economic modeling of the mechanisms of form-
ing an innovative portfolio of enterprises involves
the need to identify and comprehensively analyze
the vast factor space that influences these mecha-
nisms.

26 Yaroslavskoe shosse, Moscow,
129337, Russian Federation;
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The subjects of the considered sub-sector — high-tech enter-
prises of gas transportation construction — in the course of their
functioning experience the multidimensional and multidirectional
influence of factors of the internal and external environment.

According to the traditional approach, in the most general clas-
sification, the factor space can be formed according to the princi-
ple of division into two main groups of factors:

e external factors, the sources of which are beyond the influ-

ence of the environment of the system.

In the context of the innovative development of the enterprise,
the importance of managing transformational changes is increas-
ing, with the main focus on ensuring the ability of the production
system to develop, recover, and adapt in accordance with its inter-
nal development resources in the context of the dynamics of envi-
ronmental factors. The result of such development should, among
other things, be an increase in the manageability of the system
based on its inherent principles of self-organization, flexibility and
adaptability [8-10];

e internal factors, the impact of which is due to the causes and
prerequisites related to the functioning of the internal environ-
ment of the system.

The influence of internal factors should be considered in at
least two aspects [11-14]. On the one hand, internal factors in their
quality and combination determine the possibilities of developing
the production and economic system of an enterprise, its economic
potential in the broadest sense, thereby forming the prerequisites
for the adoption of certain management strategies. On the other
hand, the analysis of internal factors should help identify areas of
inefficiency that hinder the effective development of the enterprise's
production and economic system and, as a result, reserves of eco-
nomic development that can be implemented on an innovative
basis.

It is advisable to base the further grouping of factors on the na-
ture of their impact on the production and economic system of
the enterprise.

As a result of the multi-stage expert analysis conducted by
the author, key external (Table 1) and internal (Table 2) factors

influencing the mechanisms of formation of the innovative portfolio
of gas transmission construction enterprises were identified and
classified.

The complex process of strategic planning of innovative devel-
opment of a high-tech construction enterprise requires algorith-
mization with the allocation of key process blocks that ensure
the synchronous solution of the tasks of evaluation and selection
of innovative solutions, depending on the results of the analysis of
the elements of the presented factor space. The central element in
this case should be a portfolio of innovations, which in turn is char-
acterized by an internal hierarchy and includes managerial, organi-
zational, technological and technical innovative solutions selected
as a result of a multi-criteria assessment of all influencing factors,
taking into account their mutual influence.

The key analyzed characteristics of the considered innovative
solutions should include the following in accordance with the provi-
sions of current regulatory and scientific and methodological sourc-
es' [1]:

1. Scientific and technical novelty of the innovative solution.

2. The high-tech nature of the innovative solution.

3. Technical and economic effects resulting from the implemen-
tation of an innovative solution.

4. The integral economic effect resulting from the implementa-
tion of an innovative solution.

Thus, the proposed approach to developing effective mecha-
nisms for forming an innovation portfolio in gas transmission con-
struction enterprises requires the implementation of diagnostic pro-
cedures based on the identified factor framework. These procedures
are aimed, among other things, at identifying problematic areas of
production activity and determining the causes of deviations from
planned (optimal) development parameters. This, in turn, enables
the selection of optimal management solutions at the final stage,

" On approval of criteria for classifying goods, works, and services as innovative
products and (or) high-tech products for the purposes of forming a procurement plan for
such products : Order of the Ministry of Energy of the Russian Federation dated December
25, 2015, No. 1026. URL: http:/publication.pravo.gov.ru/document/0001201603010009
(rus.).

Table 1. Factorial space for the formation of an innovative portfolio of gas transportation construction enterprises. External factors

Groups Direction of influence
. . ) Factors
of factors on the innovation portfolio
Dynamics and volume of changes in industry standards (ecology, industrial safety, technical
Pressure and need for R-F19 : . . ) ) : :
) ; standards and requirements) that require a review of approaches in the innovation portfolio
Technical and regulatory changes from various - -
The degree of dependence on imported technologies, hardware, and software, and the asso-
regulators R-F20 ) : ) )
ciated risks to innovation
M-F21 Volatility of the cost of key resources (pipes, equipment, energy, machinery) and currency
risks affecting the financial model of the portfolio
) External economic — - - — - - -
Macro- and mesoeconomic conditions M-F22 | Availability and cost of credit resources to finance a capital-intensive portfolio of projects
M-F23 Investment attractiveness and budgetary opportunities of the regions for laying gas trans-
mission systems for PPP or other forms
P_F24 The degree of influence of international political risks on supply chains and technology
. . Strategic risks transfer for the portfolio
Political and geopolitical o — - - ; -
and opportunities P_F25 The level of support and priority of gas transportation construction projects in state strate-
gic programs
EN-F26 The degree to which the portfolio takes into account the specifics of work in various natural
Natural, External environmental and climatic zones (permafrost, seismic, swampiness)
climatic and ecological constraints EN.E27 The level of stricter environmental requirements (for emissions, land use, etc.) affecting pro-
ject decisions across the portfolio
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Table 2. Factorial space for the formation of an innovative portfolio of gas transportation construction enterprises. Internal factors
Groups Direction of influence
. . ) Factors
of factors on the innovation portfolio
0-F1 The degree of maturity of corporate project and portfolio management systems (availability of method-
ologies, templates, digital platforms, and passports)
0-F2 Availability and quality of knowledge base (solutions, metrics, templates) from completed gas trans-
o Ability to systematically portation construction projects for replication of innovations
Organizational | . " ; - - : . . :
) implement new management The degree of adaptability of the company’s project office to various types of projects in the portfolio
and managerial 0-F3 ) ) o s
methods (new construction, reconstruction, modernization of facilities)
0-F4 The portfolio team’s proficiency in strategic analysis, risk management, and engineering tools
0-F5 The degree of elaboration and standardization of contract models for typical scenarios of gas transpor-
tation construction
56 The share of using standard and modular technological solutions in the portfolio of projects that allow
for scaling innovation
Technolodical Influence of technological fea- 157 The degree of loading and wear of the fleet of specialized equipment for the conditions of the Far North,
6ehnNoI0gIcal |y o< on the choice of innova- swamps, difficult terrain, etc.
and production | . - — - - -
tions .58 The level of concentration of competencies in critical technologies (welding, automation, energy supply
and heavy machinery in remote areas)
T-F9 The degree of readiness for the use of BIM technologies and digital twins at all objects of the portfolio
) - L-F10 The level of dependence of the project portfolio on the remoteness of facilities from mobilization bases,
Logistics Const.ral.nts anq opportunities transport arteries, and the impact of seasonal restrictions
of logistics for innovation — - - -
L-F11 The degree of development of own or partner logistics infrastructure in key construction regions
E-F12 | The degree of capital intensity and synchronization of financial flows for portfolio projects
Financial opportunities and E-F13 | The volume and flexibility of the company’s reserve funds for testing risky management innovations
Economic constraints for the selection, EFia The quality of the system for monitoring economic indicators and cost dynamics of projects in the port-
and financial implementation and imple- . folio in real time
mentation of innovations E-Fi5 The degree of elaboration of methods for assessing the economic impact of the introduction of man-
agement innovations
C-F16 The level of accessibility and qualification of personnel for the implementation of innovative projects
in the portfolio, including in remote regions
Human resources | Human capital for the imple- C-F17 The degree to which the company’s management and administration perceive the need for constant
and social mentation of innovations managerial innovation and readiness for change
C-F18 The level of industrial discipline and work experience in conditions of increased industrial safety
requirements

aimed at overcoming these deviations through innovation-driven de-
velopment. The results of diagnostic checks of the production sys-
tem can also be used by the company's management to make
managerial decisions in connection with the development and im-
plementation of investment and innovation projects, the formation
of business plans and production programs, the improvement of
the organizational structure and reengineering of the corporate
model of the enterprise, as well as the comprehensive restructuring
of the company.

The implementation of this approach can contribute to improv-
ing the effectiveness of both innovation management mechanisms
and the strategic planning and management system of a high-tech
construction enterprise as a whole based on the justification of ra-
tional innovation priorities and optimization of organizational and
managerial processes for the formation and management of the en-
terprise's innovation portfolio.

The use of a set of identified factors is also possible as part of
the assessment of innovations in the production systems of high-
tech construction enterprises, which can contribute to the unifica-
tion of approaches and improve the effectiveness of mechanisms

for selecting and implementing innovative solutions, and the forma-
tion of an effective innovation portfolio of the enterprise.

Thus, within the framework of the performed research, the fac-
tor space for the formation of an innovative portfolio of gas trans-
portation construction enterprises has been formed and system-
atized, as well as the directions of its use in the context of solving
the tasks of innovative development of industrial and economic
systems of enterprises have been identified. At the same time, there
is a significant problem in practice that makes it difficult to apply
the results of factor analysis in order to model the organizational
and economic mechanisms of forming an innovation portfolio,
which is the subject of further research by the author. Overcoming
this issue will contribute to solving the urgent and significant task of
providing high-tech construction enterprises with the necessary
tools to make strategic decisions aimed at improving quality, reduc-
ing costs and increasing labor productivity on an innovative basis,
and, in turn, creating conditions for sustainable economic growth
and strengthening the position of the Russian investment and con-
struction complex.



#1 /2026

MexayHapoaHbI HayYHO-TEXHUHECKUI XYypHan

HeoBmX1UMOCTb: SKOHOMMKA, ynpaeneHune

JKOHOMMKA N MEHEAXMEHT HEABUXXUMOCTH

26

>

REFERENCES

1. Belyakov S.I., Lysenkov S.G. The main characteristics used in
evaluating innovations in the production systems of high-tech con-
struction enterprises. Sustainability of territorial development in
the investment and construction sector : materials of the IV National
Scientific and Practical Conference with international participation.
Penza, 2025; 92-97. EDN KIJFPS. (rus.).

2. Lysenkov S.G., Belyakov S.I. Planning a strategy for the develop-
ment of a high-tech construction enterprise based on the formation
and implementation of a portfolio of innovations. Real estate: eco-
nomics, management. 2025; 4:65-68. URL: https://n-eu.iasv.ru/in-
dex.php/neu/issue/view/39/50 (rus.).

3. Construction Management. Part One. Organizational Manage-
ment Models and Contractual Designs of a Capital Construction
Project : a Textbook in Two Parts and a Workshop, 4th Edition,
Revised and Supplemented. Ed. by Prof. P.G. Grabovyy and Prof.
A.A. Lapidus. Moscow, ASV Publishing House, Prosvetitel Publishing
House, 2022; 478. URL: https://rusneb.ru/catalog/000200_000018_RU_
NLR_BIBL_A_012877488/?ysclid=mn4jejdwgc709908267 (rus.).

4. Construction Management. Part Two. Integrated Development
and Developing the Construction Territory : a Textbook in Two Parts
and a Workshop (Part 3), 4th Edition, Revised and Supplemented.
Under the General Scientific Ed. of Prof. P.G. Grabovyy, Prof.
A.A. Lapidus. Moscow, ASV Publishing House, Prosvetitel Publishing
House, 2022; 620. EDN OWKBFW. (rus.).

5. Gusakova E.A., Pavlov A.S. Fundamentals of Organization and
Management in Construction : Textbook and Workshop for Universities.
Moscow, Yurait, 2026; 615. URL: https://urait.ru/bcode/588396 (rus.).
6. Pankratov E.P., Pankratov O.E. The problems of increasing
the production capacity of construction companies. Construction
Economics. 2015; 3(33):4-17. EDN TTFYLB. (rus.).

Kniouesble pakTopbl, OKa3biBaroLue
BSIUSIHME HA MeXaHU3Mbl (hopMUpOBaHUS
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The importance of complex modelling

of the spatial-territorial system in assessing
the implementation of investment and
construction projects

This paper examines an approach to integrated modelling of a spatial-territorial system from the perspective of the in-
terconnections and mutual influences of not just individual factors and components, but rather complex systems that
form a natural and artificial spatial system. The fundamental distinction of this approach is that it considers the inter-
actions of systems with the same goal but different resource directions in the formation of a unified system during
the implementation of investment and construction projects. The socioeconomic nature of a spatial-territorial system,
which takes into account the complex use of land plots with various land uses interconnected with technological pro-
cess components during the construction of real estate with varying functionality, determines the task of quantifying
the balance of the model. The level of capitalization of “undeveloped” (“‘undeveloped land” — a natural resource at
the stage of the beginning of the territory organization process) land resulting from the implementation of investment
and construction projects reflects the efficiency of its use, regardless of the functionality of spatial objects. Therefore,
this indicator can serve as an integral criterion for the balanced state of a spatial-territorial system. Moreover, the di-
rection of investment impact will be determined by the identified discrepancies in the functioning of individual ele-
ments of the system under study during the investment support of project implementation. This article examines a re-
source decomposition method for a model for all participants in territorial redevelopment, enabling the calculation of
benchmark values for the system's economic parameters under the assumption of a balanced structure. These re-
sults were achieved through the creation of a comprehensive “territorial genesis” model, based on the interconnect-
ed and interdependent production processes of construction projects. Furthermore, the inclusion of humans as a key
production factor played a significant role in the model's development. The influence of the human factor is reflected
in the model both at the organizational stage and during the adoption and implementation of the investment construc-
tion process. Based on the model's decomposition, it was possible to obtain capitalization coefficients for each sys-
tem element, the entrepreneur's profit level, the contractor's profit level, and the refinancing rate assuming no losses
in a balanced system. These values can serve as benchmarks to strive for when developing territories in investment
construction projects to ensure the structural balance of the spatial-territorial system, or they can reflect the balance
of the real estate market and the state of its individual segments at the time of their assessment.

Keywords: patterns of territorial functioning, investment activity, investment climate, complex redevelopment pro-
ject, land capitalization level, capitalization ratio, entrepreneur's profit, key rate

The purpose of the spatial development of the Rus-
sian Federation is to form a balanced system of settle-
ment and territorial organization of the economy of
the Russian Federation, which will contribute to achiev-
ing national goals and ensuring national security.

The planning strategy is a document developed
according to the territorial principle within the frame-
work of strategic goal-setting according to the terri-
torial principle. This principle fulfills the task of a key
mechanism for implementing the strategy through
current territorial planning documents (including
the territorial planning schemes of the Russian Fed-
eration in various areas, the territorial planning
schemes of the subjects of the Russian Federation).
This work is carried out according to territorial land
management schemes, which primarily provide for
the redistribution of lands by combining, dividing
and delimiting them based on their effective use un-
der a certain type of land use. In this case, the re-
construction of territories is not considered in isola-
tion, but in the general system of established land
use, which significantly increases the possibility of
economically efficient use of land [4].

The spatial development strategy is certainly

territory is a specific concept that is defined
Aby borders, area, properties, resources and

is an object of human activity of the popula-
tion that lives on it [1].

The development of the territory occurs as a re-
sult of human activity, which forms both the spatial
system and the investment climate, including through
the adoption of laws and regulations on the develop-
ment of territories, structuring the financial system
and attracting investment resources [2]. The study of
dynamic changes occurring in the territory is not pos-
sible without modelling the spatial-territorial system,
which includes man and the land as the main natural
and intellectual resource for its development [3].

The territory formed in this way is not static. De-
pending on the development goals, external influ-
ences, and changes in the technological base of con-
struction, the territory is transformed and changed.

The dynamics of territorial development can be
observed through the analysis of the Spatial Devel-
opment Strategy of the Russian Federation for
the period up to 2030 with a forecast up to 2036".

' Strategy for Spatial Development of the Russian Federation
through 2030 with a Forecast to 2036 : Order of the Government of
the Russian Federation of December 28, 2024, No. 4146-r.
URL: http:/government.ru/docs/all/157308/ (rus.).

based on innovative technologies that will ensure
the breakthrough of modern environmentally oriented
industry. Scientific and technological development, in
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accordance with the strategy, provides for the creation of mechanisms
to encourage investors to form infrastructure in territories with prefer-
ential regimes, on the basis of which critical and end-to-end technolo-
gies are created.

The analysis of the spatial development strategy of the Russian
Federation has shown that the inertial scenario, which does not
change the existing settlement system and the territorial organiza-
tion of the economy, does not contribute to the development of
the spatial-territorial system and in this case will have to rely only on
the implementation of individual local projects. The target scenario,
which achieves the goal of developing a spatial-territorial system, is
determined by two factors: the equilibrium structure of the self-
developing system and the external resource impact that supports
the components of the system for structural equilibrium, which is
focused on the development of the system [5].

The Strategy defines a digital platform as the basis for making
managerial decisions.

However, for urbanized territories, market value and the achieve-
ment of quantitative indicators set out in the Strategy prevail as
a quantitative characteristic. The methodology used to calculate
the market value, for determining which, with the dominant principle
of the most efficient use, is purely aimed at the economic exploitation
of land, rather than its effective use, ignores the main social and en-
vironmental factors and leads to the gradual degradation of territo-
ries. And the absence of such an indicator as the level of land use
efficiency, which is the main natural resource uniting all branches of
the national economy of any country, does not allow us to quantify
information about the growth and development of the spatial and
territorial system [5]. A digital indicator of the development of a spa-
tial-territorial system should include a set of relationships between all
the resources of the spatial-territorial system, starting from land,
the main natural resource, and ending with human relations during
the construction and operation of real estate.

The task of expressing the state of the spatial-territorial system
in digital terms is associated with the issues of the mutual influence
of systems of different nature and the multidirectional nature of their
resources in the formation of a common integrated system. To
achieve this goal, this article examines the application of a complex
engineering approach that combines the relationship between sub-
ject systems and object systems, regardless of whether these sys-
tems are technical or organizational [6]. This approach made it
possible to develop a model of the “genesis of territories” [7], de-
compose it, and switch to economic parameters that characterize
each element of the model, provided that the spatial and territorial
system is balanced [8]. The paper shows both the role of the beha-
vior of stakeholders in a territorial redevelopment project and the role
of the investment climate [9] in shaping the equilibrium structure of
the system based on the interests of the project participants.
The calculation of the quantitative value of each layer of the model,
expressed in economic terms, contributes to the adoption of mana-
gerial decisions to create a balanced territorial organization of
the economy. The paper shows that based on the equity participa-
tion of a particular stakeholder in the capitalization level of undevel-
oped land, it is possible to determine the conditions for the balance
of an integrated system consisting of systems of various nature.
Quantification of the capitalization level of “undeveloped land”
makes it possible to compare territories with different functional pur-
poses and types of land use, and this supports the digital transfor-
mation of the economy.

The basis of the research method published in this article is
the model of the “genesis of territories”. In this model, man takes

the place of the main geological force in the formation of the spatial
and territorial system. As a cognitive process of the structural orga-
nization and balance of a complex system, it was chosen not
the composition of the system based on empirical knowledge, but
the method of decomposition of a single, integral balanced system
into components. This model fractally repeats the structure of natu-
ral self-developing systems. In this case, the nonlinearity of the sys-
tem change is determined by the proportion of the resource that is
transferred to the land by the components included in the model.
The resource that is transferred by each element of the “genesis of
territories” model to the land as a result of an investment construc-
tion project determines the structural balance of the system. The role
of the structurally organizing component is performed by the “spatial
basis”: an integrated system consisting of two systems — “land” and
“human”, interconnected under the influence of the driving force in-
herent in these systems, and formed to identify the resources and
natural properties of the land to ensure the development of an eco-
logically sustainable spatial and territorial system.

To develop a comprehensive model of the “genesis of the terri-
tory”, six prerequisites were adopted, which are specified in the fol-
lowing categories:

e “existence” is an integrally general category;

e “goal” is the most important prerequisite that determines the sys-
tematization of rules for the rational use of land in order to create
conditions for the sustainable development of the spatial and
territorial system by harmonizing the vital activity of human soci-
ety with the Laws of Nature;

“multitude of objects”, which are understood as the laws of
human society that determine the structural and functional
organization of the spatial and territorial system;

e “one” — meaning the initial and final reason for the interaction
of all elements of the model;

“unity” — as a result of the structural and functional relation-
ships of individual interdependent elements of the spatial and
territorial system;

e “sufficiency”, which asserts that no phenomenon can be true

without a sufficient reason why this is the case.

These six prerequisites follow from the fundamental concept of
the “Genetic energy-informational unity of the World”, to which
the formed model corresponds.

The structure of the model of the “genesis of the territory” con-
tains a person, while the process of decomposition of the system
reveals the mechanism of intellectualization of a person in the pro-
cess of his activity to create a balanced structure of the system.
Based on this, it can be concluded that the model of the “genesis of
the territory” used describes a dynamic intellectual system. The mod-
el is presented infographically in Fig. 1, compiled by the author, and
the choice of its formation is presented in the works (3, 7].

The developed model of the “genesis of the territory” is con-
structed in such a way that each upper layer determines the neces-
sary functioning of the underlying layer, forming its social useful-
ness, that is, ultimately, the effective use of land to improve human
well-being. The model contains a recurrent relationship between
the components of the system (looking from the bottom up: each
subsequent element of the system is formed by the interrelation of
the two previous elements, and the capabilities of this element de-
termine the activities of the previous ones).

Let's consider the structure of the model based on the re-
source, properties, characteristics and functional features of each
layer of the system.
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Fig. 1. Infographic representation of the “genesis of the territory” model [3]

Land, as an object in itself, initially has no value, since it is not
the result of socially necessary labor and cannot be reproduced by
labor, and land management projects created on the land are al-
ready the first step towards creating infrastructure and subsequent
development of the territory by creating land plots. Human activity
in the formation of land plots and land use rules determines the ef-
fectiveness of the use of a land resource in its subsequent use.
The results of human activity are the subject of socially necessary
labor invested for the existing territory and are inseparable from
the factors of production and, together with the land, act as the main
means of production and the operational basis.

The form of use of the territory is an integrated system of the ter-
ritory, considered in the context of the “natural” environment in full,
fixes the necessary requirements and restrictions on the land use of
a particular site. The form of use of the territory provides an “infra-
structural” resource through the consumption value of the formed
land plots with a certain permitted use.

The form of organization of the territory is a complex system of
the territory, considered in the context of the “natural” environment,
to identify the elements of the planning structure, to establish
the parameters of their planned development, zones of placement
of objects of federal, regional and local importance, and including
a land surveying project. The form of organization of the territory
provides an “infrastructural” resource through the use value of
the formed land plots.

Engineering and transport networks are a complex system of
a territory that supplies resources for the implementation of func-
tional support for real estate objects in the studied territory through
an increase in the use value of formed land plots of a certain func-
tionality.

The technological platform of a territory is a complex system of
a territory that includes a set of technologies used in the construc-
tion of real estate, ranging from investment design to managing
the execution of an investment project and supplying a resource by
generating the consumer value necessary for the rational use of
the formed land.

The functionality of the facility is an integrated system of the ter-
ritory that ensures the implementation of functions to create
the necessary efficiency of improvements on the land by creating
real estate objects with public utility.

Territorial objects are a complex system of a territory, on
the condition of which depends the implementation and provision
of the necessary functions to ensure the vital activity of the popula-
tion through the formation of a specific labor market for the creation
of an object.

The product of a territory is a complex system of a territory that
reflects the quality of a socially useful building or structure on
a formed land plot due to the technologies used and the level of
spiritual, scientific and technical development of a human resource
when creating a traditional and innovative product.

A consumer of a product is a complex system of a territory that
includes participants in the operational stage of the life cycle of real
estate objects that ensure the reproduction of production capital by
involving the resource of the land plot and improvements located
on it in the economic sphere of the spatial and territorial system in
accordance with the state of supply and demand in the market of
the product being created.

This model reflects the technological chain of the investment
process and the interconnection of construction participants.
The model itself is a “complex system”, and each layer of this model,
in turn, is essentially the same “complex system”. The unity of
the model elements determines the functionality of various “plat-
forms” of the territorial development cycle model [10], united by
a single goal for the evolution of the system and capable of change.

The model of the “genesis of the territory” can be easily trans-
formed into systems of a certain type of land use with specification
of the functionality of each element. The proposed model takes into
account the interrelationships and interdependencies of the ele-
ments: principles that correspond to models of natural systems and
reflect the social significance of the land.

The components of the model essentially represent complex
systems of organizers, users and investors, which consist of two
system layers (elements). The first layer performs a creative and
stimulating function (SLDO system), the second a creative one (SIT
and CLUO systems).

From the consideration of the system's fractal integrity to natural
systems and the human brain, the system decomposition method
was applied. The system was divided into separate elements by
converting the resources of the components of the system, de-
scribed by physical constants, based on the postulates of the Evo-
lutionary model of the Universe by B.A. Astafiev [11]. Calculations
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Table 1. Sequence of layers of the “genesis of the territory” model (compiled by the author)

The conditioned layer of the “genesis of the territory” model

A number of equity participation components of the “genesis
of territories” model for urbanized territories

Land
Form of use of the territory + The consumer of the products

Engineering and transportation networks
Technological platform of the territory + Form of organization of the territory

0.076393 + 0.123607 = 0.200000

0.123607 + 0.123607 = 0.247214

Products of the territory
Consumer of products + Objects of the territory

0.123607 + 0.123607 = 0.247214

Total

1.00000

made on the basis of stakeholders' shared resource participation in
the transformation of territories allowed us to move to “dimension-
less quantities reflecting the economic efficiency of land use” [12].
The result of the decomposition of the model for urbanized territo-
ries is presented in Table 1.

The restructuring of the components of the “genesis of the ter-
ritory” model by setting goals for them by the “organizer” deter-
mines not only the final result of the participants' activities in the de-
velopment of territories, but also forms the vision of the “SLDO
system of organizers” and “SIT investors”. This transforms the un-
derstanding of the project participants about the interrelationship of
individual elements of the integrated system, which contributes to
the transformation of the biosphere into the noosphere, which will
ensure the effective and creative implementation of complex design
and investment construction works in the relevant territories [13].

The behavior of stakeholders in the territorial development proj-
ect is subordinated to various goals. The system of investors (SIT)
and performers of work in (CLUO) is focused on making a profit,
ensuring their expanded reproduction. The consumer is focused on
the operational process of real estate and their purchasing power.
In a balanced system, these multidirectional goals are formed and
ensured by the investment climate [14], which should create condi-
tions for the development of territories through the activities of
the State, the State Bank, the “organizer” and the system of territory
organizers (SLDO).

In this process, the determining role is played by the “techno-
logical platform” of the model, which plays a connecting role be-
tween the “land platform”: the operational base and the compo-
nents that ensure the construction of buildings and structures.

The complex model of the “genesis of territories” helps to deter-
mine this relationship. Since the model describes the organizational,
socio-technical mechanism of territorial development, it allows us to
consider the target function of the integrated system “technological
platform”. The function of the “technology platform” is to integrate
organizational and technological innovations into the resource de-
velopment of territories. The purpose, or rather, the mission of
the “technology platform” is to ensure and support the process
of capitalization of territories, primarily land, including the process of
“intellectual” capitalization of participants in an investment construc-
tion project.

The content of the “technology platform” layer influences other
layers of the model in the process of innovative construction meth-
ods that are based on the principles of sustainable development,

i.e. “green” buildings. The concept of a “green” building is a build-
ing that equally meets the three principles of sustainable develop-
ment related to the fields of ecology, economics and sociology.
Such a building can be built only through the constant interaction of
all project participants at all stages of its life cycle, including de-
sign, construction, operation, and disposal. This is the only way to
achieve optimal solutions in terms of reliability, efficiency, rationality,
functionality and style.

Let's consider the influence of the “territory technology plat-
form” layer on other layers of the “territory genesis” model.

It should be noted that the reconstruction of the “technological
platform” layer of the “genesis of the territory” model entails a change
in the equipment used, affects the construction of engineering and
transport networks and communication systems, and, as a result,
determines the possibilities of obtaining innovative products that de-
termine the level of capitalization of the land. Moreover, this relation-
ship is present in all models of the “genesis of territories”, regardless
of the type of land use.

The organizational restructuring of the functioning of enterpris-
es in the territories, formed as innovative changes in their work, was
investigated in a series of papers [15-17] related to the identifica-
tion of the mechanism of economic innovative development of en-
terprises. As a result of modelling in this area of the economy, direct
projections of the “technology platform” layer onto all layers of
the “genesis of the territory” model were obtained. The resulting
scheme of the complex object of innovative reconstruction of
the territory is shown in Fig. 2. The arrows in the figure show the di-
rections of the spread of innovative technologies from the “technol-
ogy platform” layer to other layers of the model.

The integrated technology platform system includes not only
“technical” but also social technologies that have been developed
to date. According to [18]: “... Technology platforms are a new com-
munication platform for discussing the most important technologi-
cal development projects, for developing and implementing long-
term priorities across the country's economy based on a common
vision of modernizing existing and forming new sectors of the econ-
omy, as well as tools to influence the speed of the spread of promis-
ing technologies in all spheres of society”. Technology platforms
combine the capabilities of science and business, applied through-
out the development and production cycle of innovative products.
Technological platforms are also becoming the basis for the forma-
tion of thematic areas within which the government will determine
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Fig. 2. Scheme of the complex object of innovative development of the territory
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Fig. 3. An infographic view of the model of the “genesis of territories” in the ecological reconstruction of territories

priorities for various research activities, the results of which are
planned to be introduced into production [18].

This makes it possible to consider the technology platform as
a means of territorial development using cross-disciplinary ap-
proaches to the formation of reconstruction technologies. Note that
when the “technology platform” layer is projected onto the “land”
layer, the latter acquires the focus of innovative development. More-
over, the direction of modern zoning of the country's territories,
which consists in choosing territories for priority reconstruction (ac-
celerated development zones, sustainable development zones,
support zones), involves the integrated development of the territo-
ries of the regions in which these zones have been created, will be
created or are in the process of formation.

If the technological platform of the territory is focused on solv-
ing the environmental problems of the territory, then the “genesis of
the territory” model takes the form of an integrated object of “envi-
ronmental management of territories”, shown in Fig. 3. The peculiar-
ity of this model is the restructuring of the targets of the activities of

specialists involved in the reconstruction of the layers of the model,
to comply with environmental standards in the process of territory
reconstruction.

The technological platform, as a means of solving environmen-
tal problems of the territory, is also becoming the basis for the for-
mation of thematic areas within which the state will determine pri-
orities for various research activities, the results of which are
planned to be introduced into production, including in the form of
the best available technologies.

It is the social component of the “genesis of the territory” model
that, due to the spirituality of the performers of the territorial develop-
ment project, unites the capabilities of science and business applied
throughout the cycle of development, production and consumption
of environmental products of the territory, forms the corresponding
organizational projects of this territory.

The peculiarity of the developed model of the “genesis of the ter-
ritory” is the restructuring of the targets of the activities of specialists
involved in the development of territories aimed at land use efficiency.
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Table 2. Results of calculations of the capitalization coefficients of the elements and their share of a single real estate object in accordance
with the model of the “genesis of the territory” for urbanized lands (compiled by the author)

The fraction of energy | The capitalization | The share of an ele- The energy of The share of the rental value of
Components transferred by an ele- coefficient of ment in an integrated | the element frac- | a component in the cost of a sin-
ment to the Land the element system tion (4/3) gle object (column 5 x line 12)
N;':: 1 2 3 4 5 6
1 | Type of land use 0.001194637 0.012244882 0.0763932 6.238786303 0.095657711
2 | The consumer of the products 0.001766967 0.018111193 0.123607 6.824895349 0.104644371
3 | Type of land use 0.001194637 0.012244882 0.0763932 6.238786303 0.095657711
4 E;?;Zfreurgfr:”d transport 0.001162686 0.011917388 0.0763932 6.410230236 0.098286417
5 | Facility of the territory 0.001881266 0.019282744 0.123607 6.410239095 0.098286552
6 | The generated land plot 0.001932964 0.019812642 0.123607 6.238794339 0.095657834
7 | Product of the territory 0.001092046 0.011193337 0.0763932 6.824881875 0.104644164
8 | Functionality of the territory 0.001128539 0.011567385 0.0763932 6.604189091 0.101260338
9 | The consumer of the products 0.001766967 0.018111193 0.123607 6.824895349 0.104644371
10 | Technology platform 0.001826014 0.018716418 0.123607 6.604201754 0.101260532
11 | Total 0.014946723 - 1.00000 - 1
12 | Weight ratio 1/Total 66.90429735 - - 0.015332744 -

The indicator of the level of capitalization of land, reflecting
the effectiveness of its use in the implementation of an investment
construction project, is determined by an investment and innovation
analysis with the criterion of equilibrium of the model elements.
A management decision is made based on the value of this indica-
tor. The result of the decomposition of the “genesis of territories”
model made it possible to calculate the capitalization coefficients of
individual elements of the model [9], schematically these results are
presented in Table 2.

Based on the data obtained, it is easy to determine the share of
stakeholders in the cost of a single property. So, the main compo-
nents used in estimating the value of real estate for an equilibrium
system are equal:

e the capitalization coefficient of the land plot: 0.012244882 +

+0.018111193 + 0.019812642 = 0.050168717;

e the share of aland plot in a single real estate object: 0.095657711 +
+0.104644371 + 0.095657834 = 0.295959915;

e capitalization ratio for improvements = 0.103033347,

e percentage of improvements — 0.704040085;

e total capitalization ratio according to the investment group method:
0.050168717 - 0.295959915 + 0.103033347 - 0.704040085 =
=0.087387536.

The amount of an entrepreneur's profit is determined by the sum
of capitalization coefficients reflecting human activity (capitalization
coefficient of improvements), the total capitalization coefficient and
the equilibrium refinancing rate: 0.103033347 + 0.087387536 +
+ 0.0407 = 0.231166007, this practically corresponds to an increase

in the share of the “Organizer” after the completion of the land devel-
opment project — 0.231165946.

The results of calculating the equity participation of a land plot
in the total value of a real estate object were compared based on
the decomposition of the “genesis of territories” model with data
from the commercial real estate market. A comparison of the results
is presented in Table 3.

The comparison shows that the value of the residual value of
the land plot according to market data practically coincides in
the upper part of the confidence interval with the results of the de-
composition. The large variation in the value of the confidence in-
terval, due to its lower part, indicates an unbalanced structure of
the created real estate in the commercial segment. This allows us
to conclude that the land capitalization coefficient is overestimated,
leading to a decrease in the residual value of the land plot.

The obtained results of the analysis of the significance of com-
plex modelling of the spatial — territorial system allow us to draw
the following conclusions:

The use of information modelling methods in increasing
the capitalization of the city territory is considered using the exam-
ple of using an integrated approach to building an information mod-
el of a real estate object. This approach takes into account all
the tangible and intangible resources that an object exchanges with
its surroundings during the investment design process.

Information modelling is a technology for information support of
the product creation process. This type of modelling makes it pos-
sible to clarify the impact of changes and risks in an object (includ-
ing geodynamic risks) at all stages of the object's life cycle.

Table 3. Comparison of the results of the share of the formed land plot in value and income during decomposition and market data of

the “commercial’ real estate segment (compiled by the author)

Data source Class A, B offices Class C offices Shopping malls Free-use facilities
Decomposition result 0.296 0.296 0.296 0.296
Average market data 0.2 0.22 0.19 0.19
Confidence interval 0.11-0.29 0.13-0.3 0.1-0.28 0.11-0.27
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Fig. 4. An infographic model of the interaction of three systems,
implemented in the model of the “genesis of the territory”: 1 —
“Society — Human” system; 2 — “Nature — Human” system; 3 —
“Human — Atrtificial world” system

The use of an integrated approach makes it possible to describe
the object of research, taking into account the practice of its imple-
mentation in several fields of activity, at the intersection of which
the object is located, which, in turn, allows you to obtain a set of
relevance and a set of points of novelty for a wide range of practical
applications. At the same time, object representation models devel-
oped in a related field of research can be used to solve problems in
the main field of research. In this case, the function of the “technol-
ogy platform” is to ensure and support the investment process in
construction, and the role played is the integration of organizational
and technological innovation resources into the management of
the development of the territory.

The integrated development of territories requires the develop-
ment of a co-organization of three integrated systems. The systems
“Nature — Human”, “Society — Human”, “Human — Artificial world”.

The science of Ecology deals with the “Nature — Human” sys-
tem. Social sciences study the “Society — Human” system, while
economics studies the “Human — Artificial World” system. We get
the task of a cross-disciplinary solution.

The developed model of the “genesis of the territory”, by deter-
mining the interconnectedness and interdependence of the model
elements, made it possible to determine the conditions for the co-
organization of these three systems. At the same time, at the center
of the complex system is a person on whose spiritual, intellectual
level and creative activity the development of the spatial and territo-
rial system on land depends. The interaction of these systems is
shown infographically in Fig. 4.

Only by defining the interaction of these three systems can we
approach the issue of the level of capitalization of territories and
the sustainability of the spatial-territorial system.

The elements of the three systems create a common complex
system with different attitudes to the use of resources and the Land
and the humanity living on it. The unified formation of elements of
a common system with various resources determines an integrated
approach to the implementation of the spatial and territorial system.
This view of the spatial and territorial system allows us to consider
ways to implement the principles of sustainable development de-
fined by the United Nations?.

2 Best Practices for Achieving Sustainable Development Goals in Russia and Globally.
News Digest. Scientific and Educational Center for Sustainable Development. No. 1. 2020.
URL: https://web.archive.org/web/20220108001328/https://www.ranepa.ru/documents/
digests-ifur/digest-ifur-1.pdf (rus.).
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3Ha4YMMOCTb KOMMJIEKCHOIO
MOZenMpoBaHNs NPOCTPaHCTBEHHO-
TeppUTOpPUaNbHOW CUCTEMbI NMPU OLEHKE
BbIMOJIHEHUS UHBECTULMOHHO-
CTpOMUTENbHbIX MPOEKTOB

PaCCManVIBaeTCﬂ nogxon K KOMmMjiekCHOMYy MonesimpoBaHuio
NPOCTPaHCTBEHHO-TEPPUTOPUATBHOM CUCTEMbI C TOYKMN 3pe-
HUA B3aNMOCBA3U U B3aUMOBJIUAHUA HE OTAEJIbHbIX CbaKTOpOB
1 KOMMOHEHTOB, @ KOMMNEKCHbIX CUCTEM, KOTOPbIE (DOPMUPYIOT
€CTECTBEHHYIO U UCKYCCTBEHHYIO NMPOCTPaHCTBEHHYIO CUCTEMY.
MpuHUMNManbHoe oTAMYMe Takoro NoAXoAa CoOCTOUT B TOM, YTO
B HEM paccmaTpvBaloTCcs B3aMMOLENCTBUS CUCTEM C OAUHAKO-
BbIM LienienonaraHnem, Ho pasHoHanpasieHHbIM PeCcypcoMm npwu
hOpMUPOBAHUN EOVNHON CUCTEMbI B MPOLIECCE BbIMOMHEHUS WH-
BECTULMOHHO-CTPOUTENBHBIX NPOeKTOoB. CoLmanbHO-3KOHOMUYe-
CKWI XapaKkTep NpoCTPaHCTBEHHO-TEPPUTOPUANBbHOM CUCTEMBI,
YUYUTBIBAIOLLMIA KOMMIIEKC UCMOMNb30BaHNA 3EMESbHbIX Y4aCTKOB
C pasnu4HbIM BUAOM 3EMIIENONb30BaHUs, B3aUMOCBA3AHHbIX
C KOMMOHEHTaMn TEXHONOrMYeCKoro npoLecca npu CTponTenb-
CTBE 0OBLEKTOB HEABMXMMOCTN PA3NNYHOW (DYHKLMOHANBHO-
CTW, AEeTEPMUHMPYET 3afa4vy KONMY4eCTBEHHOro onpepeneHns
6anaHca Mogenu. YpoBeHb kanuranuaauum «4McTon» («4ucras
3emns» — NPUPOAHBIN Pecypc Ha aTane Havana npouecca op-
raHv3auuv TeppuTopun) 3eMnn B pesynbtarte BbINONHEHUS HBe-
CTULMOHHO-CTPOUTENbHbIX MPOEKTOB OTpaxaeT 3PPeKTUBHOCTb
€ee UCMnonb3oBaHUA B HE3AaBUCUMOCTU OT beHKLl,VIOHaJ'IbHOCTI/I
NPOCTPaHCTBEHHbIX 06BbEKTOB. [103TOMY 3TOT NokKasaTesnb MOXeT
BbICTYMNaTb B KA4€CTBE MHTErpasbHOro Kputepus coanaHcmpo-
BaHHOrO COCTOSIHWS MPOCTPaHCTBEHHO-TEPPUTOPUANbHON cucTe-
Mbl. [py 3TOM HanPaBNEHHOCTb MHBECTULIMOHHOTO BO3AENCTBUSA
onpenenuTcs BbiSBIEHHbIM HECOOTBETCTBMEM (PYHKLIMOHMPOBA-
HWSA OTAEeSNbHbIX 3MIEMEHTOB UCCNEAYEMON CUCTEMbI B MpoLiecce
WHBECTULIMOHHOro 06ecneyeHns BbINOHEHNS NpoekToB. B cTa-
Tbe paccMaTpuBaEeTCA MeTOA PECYPCHOW AeKOMMO3ULIMN MOLENN
0N BCEX Y4aCTHUKOB MepeycTponcTBa TeppuTopmmn, No3BoNmB-
LW paccyuTaTh 3TanoHHbIe BENNYMHBI SKOHOMUYECKMX napa-
METPOB CUCTEMbI NP YCNOBUM ee C6anaHCMPOBAHHOWN CTPYKTY-
pbl. [MonyyYeHHble pe3ynbTaTbl CTan BO3MOXHbI MOCAEe CO3AaHNA
KOMIMIEKCHON MOLENN «reHe3nca TeppuTopuin», kotopas ccop-
MUpOBaHa MCXO[SA M3 B3aMMOCBA3aHHbIX Y B3aMMOO6YCNOB-
JIEHHbIX NPON3BOACTBEHHbIX NMPOLECCOB BbINOMHEHNSA MPOEKTOB
cTpouTenbcTBa. Kpome 3T0ro, CyLLeCTBEHHYIO ponb B hOpMu-
poBaHWM MOAENN OKasasno BKIYEHNEe B Hee YenoBeka B Ka-
4eCTBE OCHOBHOIO NPOM3BOACTBEHHOrO hakTopa. BnusHue ve-
JIOBEYECKOro (haktopa peann3oBaHO B MOAENM Kak Ha aTane
OopraHun3aunoHHbIX MépOHpVIHTVIVI, TaK U Ha 3Tane NpuHATUA
OCYLLECTBMEHNA MHBECTULIMOHHOIO NpoLiecca CTpoUTeNbCTBA.
Mo peaynbTaTtaM [EKOMMO3NLMN MOAENN YAANOCH MOY4YUTh Be-
NINYMHBI KOS PULMEHTOB KanuTanusaumm ans Kaxporo ane-
MEHTa CUCTEMbI, YPOBHS NpUOLINY NpeanpuHMMaTens, ypoBHS
NpuobIIM NCNONHUTENEN, BENNYNHY CTaBKM pednHAHCUPOBaHUSA
npun YCNoBuUM OTCYTCTBUS NOTEPb B cOaniaHCMPOBaHHOM CUCTEME.
[aHHble BenMYMHbI MOTYT BbICTYNaTb B KAYeCTBE 3TaNIOHHbIX,
K KOTOPbIM CriefyeT CTPEMUTLCA NMpU OCBOEHUU TEPPUTOPUIA
B WHBECTULMOHHBIX CTPOUTENbHbIX MPOEeKTax ANns CTPYKTYPHOWN
c6anaHcpoBaHHOCTN NPOCTPAHCTBEHHO-TEPPUTOPUATBHOM CU-
cTembl NGO oTpaxkarb c6anaHCMPOBAHHOCTb PbIHKA HEABUXM-
MOCTU M COCTOSIHWE OTAENbHbIX €r0 CEerMEHTOB HA MOMEHT UX
OLIEHKW.

Knro4yeBble cnioBa: 3aKOHOMEPHOCTU DYHKLMOHNPOBaHUS Tep-
pUTOPUN, UHBECTULIMOHHASA [EATESIbHOCTb, MHBECTULNOHHbLIN
KIIMMaT, KOMIJIEKCHbIVi OObEKT NepeyCcTpovicTBa, ypoOBEHb Ka-
nuTanu3aymm 3eman, KoOddUUNEHT KanuTanmaaymu, npubbisib
npeanpuHUMaTesis, Kiro4yeBasi ctaBka
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Selection of rational technical solutions
for the repair of residential buildings

The unsatisfactory technical condition of the majority of apartment buildings is explained by the fact that most of
them were constructed during the period of rapid housing development (from the early 1960s to the late 1970s
of the 20th century), the main objective of which was to erect buildings in the shortest possible time with minimal
financial and material resources. This inevitably affected the quality of buildings, since inexpensive, low-quality, and
short-lived materials were used in their construction. Moreover, the wide range of normative (design) service lives
of the main structures, elements, and systems implies the need for their almost continuous repair or replacement.
At present, virtually all apartment buildings erected during the period of mass industrial housing construction are
included in regional programmes for the capital repair of common property in apartment buildings. In this con-
text, the selection of technical solutions for capital repairs is of critical importance, particularly those that involve
the use of materials and products with design service lives corresponding to the residual service lives of non-
replaceable elements. The paper presents a methodology developed by the authors for determining the residual
resource (residual service life) of structures, elements, and systems of residential buildings.

Keywords: normative service life, residual resource, gamma-percent residual resource, capital repair, apart-

ment buildings

Kustikova Yu.0.
Schreiber K.A.

ne of the key factors determining the unsatis-

factory technical condition of a significant

part of the housing stock in the Russian Fed-
eration is the heterogeneity of structural reliability,
caused by the different normative service lives of in-
dividual structures, elements, and engineering sys-
tems that together form a building as an integrated
object. During operation, these components are sub-
jected to unequal loads and environmental impacts,
which leads to uneven wear and premature deterio-
ration of the performance characteristics of certain
parts of the building.

Current regulatory and technical documents es-
tablish design (normative) service lives for the main
structural elements and engineering systems of
residential buildings. At the same time, the values
of normative durability vary significantly depending
on the functional purpose of the elements, the mate-
rials used, and operating conditions. The discrep-
ancy between the actual service lives of individual
systems and their normative values often necessi-
tates repair works of varying levels of complexity.

Information on the normative service lives of
structures, elements, and engineering systems of re-
sidential buildings, as regulated by current stan-
dards, is partially presented in Table [1-3].

In practice, the established normative service
lives often differ significantly from the actual ser-
vice lives [4]. This is due to the fact that normative
durability indicators are usually determined under
laboratory conditions during the development and
preparation of new materials and products for in-
dustrial production. In the course of such tests, real
operating conditions of buildings are not always
fully taken into account, including the effects of cli-
matic factors, operational loads, installation specif-
ics, and the level of technical maintenance. This
leads to discrepancies between design and actual
durability indicators. As a rule, these values are

obtained using accelerated aging methods. In this
case, testing is carried out under ideal conditions in
climatic chambers, excluding the influence of exter-
nal factors characteristic of real operation, where
the actual service lives of the same material or
product may differ even within a single building [5].

Such a variation in the normative service lives of
structures, elements, and systems is explained by
two main factors: the intention to reduce construc-
tion costs during the period of mass housing devel-
opment and the lack of technological capabilities
at domestic construction industry enterprises to

Normative (Design) Service Lives of Selected
Structures, Elements, and Systems of Residen-
tial Buildings of Capital Group I

Name of the structure N'ormanve.
(element, systern) (Des.|gn) Service
Life, years

Precast and cast-in-place reinforced 200
concrete foundations
Reinforced concrete exterior walls 125
Precast reinforced concrete interstory 150
floors
Floors:

« parquet; 50

« linoleum 10...15
Roofs:

« roll roofing made of roofing felt; 10...12

- roofing steel (carbon steel); 20

« galvanized roofing steel 50
Heating systems (piping and heating 40
devices)
Water supply systems (excluding shut- 15
off and mixing valves)
Ceramic sanitary fixtures 20
Interior plaster 40
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produce high-quality and durable materials and products [6]. At
the same time, it is well known that the main direction for improving
technical solutions is the minimization of the dispersion of normative
service lives of individual structures, elements, and systems, that is,
when:

oy= Z(s,—rs,)zd, = min, )

i

where S; — is the normative averaged service life of the /-th ele-
ment (structure or system); T,, — is the average service life of the el-
ement (structure or system) based on statistical observation data;
d, — the share of the replacement cost of the i-th element (structure

or system) in the total replacement cost of the building [7]:
Ts/ = Zr'Srd/' (2)

Apartment buildings included in the current regional pro-
grammes for the capital repair of common property, with a total ar-
ea estimated at approximately 2 billion m?, were in the vast majority
of cases constructed without taking into account modern require-
ments for the durability of structures and the coordination of service
lives of individual elements and engineering systems [8]. During
the period of their construction, priority was generally given to re-
ducing construction time and costs, which subsequently led to ac-
celerated wear of certain structural and engineering components
and the need for capital repairs.

However, when carrying out capital repairs, materials, ele-
ments, and structures are used whose range today is virtually un-
limited, often without due consideration of the requirement for equal
durability and without mandatory accounting for the residual re-
source of elements, structures, and systems that are not replaced
during capital repair. It is evident that when elements (structures or
systems) with a normative service life shorter than the residual re-
source (service life) of non-replaceable elements are used (which
usually occurs in order to reduce repair costs), the effectiveness of
the repair is significantly reduced. Conversely, the use of elements
(structures or systems) with normative service lives exceeding
the residual resource of non-replaceable elements leads to unpro-
ductive expenditures that unjustifiably increase the estimated cost
of repairs.

This circumstance acquires particular significance in the context
of implementing state policy in the field of capital repairs, since
the overwhelming majority of regional programmes for the capital
repair of common property in apartment buildings were developed
and approved without proper consideration of the actual technical
condition of the buildings included in these programmes. Such
an approach initially reduces the validity of the planned repair mea-
sures and does not allow full consideration of the real needs of
the housing stock for restoration and modernization.

It should be noted that current legislation on capital repairs pro-
vides for mandatory monitoring of the technical condition of apart-
ment buildings, the results of which are intended to serve as the ba-
sis for the formation, revision, and updating of regional programmes.
However, in practice, this mechanism is largely declarative in nature
and does not ensure the acquisition of objective and reliable infor-
mation regarding the actual condition of structural elements and
engineering systems of buildings.

According to data from the Internet portal “Housing and Utilities
Reform”, in 2014 — at the time when most regional capital repair
programmes began to be implemented — comprehensive technical
monitoring of apartment buildings was carried out in full in only 56

constituent entities of the Russian Federation. In most regions, how-
ever, reporting on monitoring activities was based not on compre-
hensive technical inspections of the actual condition of buildings,
but on data from technical inventory authorities. Such information,
as a rule, does not reflect the real level of physical deterioration of
structures and engineering systems and therefore cannot be con-
sidered a reliable basis for managerial decision-making.

As a result, regional programmes for the capital repair of com-
mon property in apartment buildings developed in the absence of
state technical accounting data and instrumental inspections inher-
ently contain a high risk of inefficient use of budgetary and extra-
budgetary funds allocated for capital repairs. This manifests itself
both in the performance of excessive works not justified by the ac-
tual condition of buildings and in the underestimation of the need
for timely repair of certain structural and engineering elements.

It should be emphasized that only three regional program-
mes — those of Perm Krai, Belgorod Region, and Chelyabinsk Re-
gion — explicitly state that the lists of works (services) for the capital
repair of common property in apartment buildings must be deter-
mined based on the results of comprehensive inspections of
the housing stock, with defect reports prepared for each individual
building. In our view, this approach is the most justified and consis-
tent with the objectives of ensuring the reliability and durability of
buildings.

Thus, it follows that one of the key conditions for improving
the effectiveness of regional capital repair programmes is an orien-
tation toward the normative (design) service lives of structures, ele-
ments, engineering systems, and equipment of apartment buildings
subject to capital repair, with mandatory consideration of their ac-
tual and residual service life. Only by adhering to this approach can
rational allocation of capital repair funds and achievement of the re-
quired level of reliability of the housing stock be ensured.

The authors propose a methodology for selecting technical so-
lutions for the capital repair of buildings that takes into account
the residual resource of structures, elements, and systems that are
not replaced during repair and construction works [9].

The residual resource of a building element (structure or engi-
neering system) is understood as the portion of its operational life
corresponding to the period from the moment of operation time t to
the transition to a limit state under normative operating conditions
[10, 11]. This indicator reflects the potential duration of further reli-
able operation of the element after a certain period of use.

If the total operating time of an element (structure or system)
from the start of operation to failure or transition to a limit state is
denoted by &, then the value of the residual resource &_ after an op-
erating time 1 can be determined as the difference between the to-
tal operating time and the actual time in service: & = & — 1, provided
that & > 1.

For the quantitative assessment of the residual resource of
building elements, special probabilistic indicators are used in reli-
ability theory. In particular, it is recommended to apply the indicator
of the mean residual resource T(t), which represents the mathemat-
ical expectation of the residual resource value of an element after
its operation for a time period t' [12]. This indicator makes it pos-
sible to estimate the expected duration of further failure-free opera-
tion of the element.

" On determining the requirements for the procedure for determining the residual re-
source (service life) of the object of examination : Letter of Rostekhnadzor dated Decem-
ber 23, 2021 No. 11-00-15/15945. URL: https://www.consultant.ru/document/cons_doc_
LAW_405324 (rus.).
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Along with this, the indicator of the y-percent residual resource
Ty(’t) is used. It is defined as the time interval counted from the mo-
ment T during which an element that has operated without failure up
to time t retains its operable condition with probability y [13].
The value of the y-percent residual resource is determined from
the following relationship:

Plt + T, (7)]
P

(©)

where P(t) is the probability of failure-free operation up to time .

If it is assumed that P_(f) = P(t + 1)/P_ is the probability of failure-
free operation of an element (structure or system) within the time
interval [t, T + t], then the mean residual resource can be expressed

as:
0

T(t) = J'Pt(t)dt or T()=

00

1

0
0] I P.(t)dt, (4)

T

and the residual resource is determined as the root of the equation
P.(t) = y with respect to t (i.e., t = Ty(r)) for a predetermined value
of v, which corresponds to the normative (design) service life.

The value of the mean residual resource of an element (struc-
ture or system) in this case is determined using the following ex-
pression, taking into account the reliability function P(t):e’zﬁzz

T(r)= et J‘e_z‘/? dt. (5)
0
Since:
I et gr = %e‘z‘ﬁ (1+2v7), ©6)
0
then

T(1) :%(H—Zﬁ). (7)

The procedure for determining the y-percent residual resource
can be illustrated by the following example. Let us assume that
v=90 % after a certain period of normative operation of a water-
proofing layer made of asphalt mastic on a flat roof with a reinforced
concrete base, that is, the value of the reliability function of the wa-
terproofing layer is y = 0.9. The normative (design) service life of
the waterproofing layer is approximately 7 years (2,500 days).

In this case, the failure-free operating time of the coating is de-
termined from the expression:

p(t)=e Vg,

T
It follows that for a given normative (design) service life of
the waterproofing layer and a given reliability level v/t + 1—\/;:

= 0.10536, solving the equation with respect to t yields the value
Tgo(t) = 11.5.

2 GOST R 27.002-2009. National Standard of the Russian Federation. Dependabili-
ty in Engineering. Terms and Definitions. URL: National Standard of the Russian Federa-
tion (rus.).

Thus, the residual resource and the y-percent residual resource
can be determined using the following relationships:
T-1

; (8)
P‘L’

T()=T,-7 (9)

T(t) >

After determining the residual resource of all elements, struc-
tures, and systems that are not replaced during capital repair, mate-
rials and products are selected for replacement such that their nor-
mative (design) service life does not exceed the residual resource of
the non-replaceable elements, structures, and systems, while ensur-
ing a guaranteed reliability level of the renovated building®.
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Bbi60p pauMoHanbHbIX TEXHUYECKUX
peLueHnii NpU PpeMOHTE XUJbIX 3gaHUNA

HeynoBneTBOpUTENbHOE TEXHUYECKOE COCTOAHME GOMbLUNHCT-
Ba MHOrOKBapPTUPHbIX [JOMOB 0ObACHAETCH TEM, YTO 60sbLUAS UX
YacTb 6bl1a MOCTPOEHA B MEPUOA CKOPOCTHOIO XXWIINLLIHOMO CTPO-
uTenbcTBa (Hayano 60-x — koHel, 70-x rr. XX B.), OCHOBHbIMU 3a-
JavyaMu KOTOpOro 6b1510 BO3BOAUTL 34aHUSA B KpaTyanLume CpoKu
C MUHMManbHbIMX 3aTpaTaMn (OUHAHCOBbLIX U MaTepuasnbHO-
TEXHUYECKNX PecypcoB. OTO HE MOFJIO He cKasaTbCs Ha Kaye-
CTBEe 3[aHUIN, NOCKOJIbKY AN UX BO3BEAEHUSA UCMONb30Ban1Ch
JeLleBble, HU3KOKA4YeCTBEHHbIE Y HEQONMTOBEYHbIE MaTepuarnsbl,
a pas6bpoc 3HAYEHUIN HOPMATUBHbIX (PACHETHbIX) CPOKOB CITyX-
6bl OCHOBHbIX KOHCTPYKLWIA, 3IEMEHTOB M CUCTEM HACTOJIbKO
BENVK, YTO NpeanoniaraeT NPakTMHeCKN NOCTOSAHHBIA UX PEMOHT
WUnu 3amMeHy. B HacTosLLee BpeMsi MpakTU4eCcKn Bce MHOrOKBap-
TUPHblE AOMa, BO3BEAEHHble B Nepuof MaccoBOro MHOYCTpU-
anbHOMO XMUSMLLHOIO CTPOUTENBLCTBA, BKIIOYEHbI B pErnoHarsb-
Hble NMporpamMmbl KanuTanbHOrO PEMOHTA 06LLEero nmyllectesa
B MHOTFOKBapTUPHbIX AOMaX, U MPUHLUMNNANbLHOE 3Ha4YeHne nve-
€T BbI6OP NP MPOBEAEHMMN KanuTanibHOro PEMOHTA TaKUX TEXHU-
YECKWUX pELLEHWIA, KOTopble NpedycMaTpvBany 6bl NPYUMEHEHME
MaTepuasioB U U3ENUI C PaCHETHBIMU CPOKaMU CryX6bl, afek-
BaTHbIMW OCTATO4YHbIM CPOKaM CIyX6bl HECMEHSAEMbIX 3N1eMEH-
ToB. B cTatbe nanaraetca paspaboraHHas aBTopaMm MeToamka
onpefenieHns 0cTaTtoyHOro pecypca (OCTaTo4YHOro CPoKa CryX-
6bl) KOHCTPYKLIMIA, 9NIEMEHTOB U CUCTEM XUIbIX 3OaHUN.

KnroueBble crioBa: HOPMaTUBHLIV CPOK CI1yXO6bl, OCTATOYHbIV
pecypc, raMma-rpoLEeHTHbIN OCTaTOYHbIV PECYPC, KannTasbHbIi
PEMOHT, MHOrOKBapTHPHbIE AOMa
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Formation of initial data for functional models
of university campus dormitories

The role of dormitories in modern university campuses is constantly increasing. The requirements for them are ex-
panding and becoming more complex not only as a living environment but also as a functional environment. In this
regard, the problem of assessing the quality of the functional structure of dormitories is no less relevant in compar-
ison with other university campuses. Modern student dormitories in the structure of university campuses cease to
perform exclusively the function of accommodation and become part of the educational, research and social eco-
system. However, the evaluation of their design solutions is still carried out mainly at the stage of formed spatial
planning solutions and is based on technical and economic indicators and regulatory verification. In this article,
the authors continue to consider the functional approach to the formation and evaluation of university campuses,
in particular dormitories, as their mandatory elements. Within the framework of the functional approach, dormito-
ry buildings are considered as systems of functional modules (living cell, kitchen, public spaces, floor, etc.) having
calculable parameters and criteria. As a tool for identifying lists of such parameters and their values, the use of
a qualimetric methodology based on user satisfaction criteria in the range from 0 to 100 is proposed. The pro-
posed approach makes it possible to evaluate the functional models being developed at the pre-design stage and
form spatial planning solutions based on an integral satisfaction indicator, and not just regulatory compliance.
The methodology can be integrated into digital information models of dormitory buildings and used in the develop-
ment of campus programmes and strategies for the development of university infrastructure.

Keywords: functional model, qualimetric analysis, university dormitories, campuses, material and spatial envi-
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INTRODUCTION

niversity campuses, which are being created

and developing in the face of modern chal-

lenges, are increasingly coming to the need to
combine several leading functions in a single space.
University dormitories are no exception here. First of
all, they become an extension of the educational en-
vironment. When it comes to dormitories for graduate
students, doctoral students and teachers, it is often
also a continuation of the environment of scientific
activity. The number of students and teachers in-
volved in startups and technology entrepreneurship
projects is growing. And some of the work from them
is also transferred to the walls of dormitories.

All universities strive to be a platform for the stu-
dent, scientific and cultural community. They culti-
vate the desire for sports and creativity. And for sev-
eral years they want to be not only a cozy and safe,
but also a functional home for several thousand
people, most of whom are undergoing personality
development during this period. To do this, campus
dormitories, among others, must have an extremely
well-developed and balanced functional model that
allows them to link diverse and diverse functional
processes in one material and spatial environment
(hereinafter referred to as MSE) and ensure their fur-
ther development. The existing fund of student dor-
mitories in Russia is represented quite widely and in
various ways, however, even newly opened dormito-
ries are often designed according to the model of
the last century, which is characterized by a low
level of individualization, low functionality of residen-
tial cells, lack of common spaces for communication
and project areas, etc. It should also be noted that
both the spaces and the technical capabilities of

existing dormitories often do not provide sufficient
opportunities for working with electronic resources,
working in a digital environment, teamwork, viewing
educational content and online communication. Dor-
mitories for students and workers are often built ac-
cording to the same standard designs, and do not
take into account the specifics of modern scientific
and educational work. All of the factors above nega-
tively affect campus infrastructure satisfaction in
general and reduce student engagement in educa-
tion and science. The lowest indicators of Russian
universities are safety, pollution levels and the desire
to study in the city [1].

As part of the research on student campuses,
significant unproductive time spent by university
residents on transitions related to the remote loca-
tion of various groups of rooms and disadvantages
of zoning, low functionality and poor adaptability of
most spaces have been identified. We must not for-
get that the regulatory and legal context of the cre-
ation of campuses is still represented by a number
of contradictions. The contradiction between the cur-
rent regulatory requirements and the innovative na-
ture of the settlement'. The contradiction between
technical requirements and modern technological
achievements, which were supposed to be imple-
mented, etc. It is obvious that it is functional model-
ing and subsequent consideration of the character-
istics of functional processes in dormitories that will
further form a modern approach to their creation and

' City University or Country Campus: Prospects, Limitations,
and Consequences for Russian Universities Using the Example of St.
Petersburg State University. URL: https://www.pltf.ru/issledovaniya/
gorodskoj-universitet-ili-zagorodnyj-kampus-perspektivy-ogranicheni-
ya-i-posledstviya-dlya-rossijskih-universitetov-na-primere-sankt-peter-
burgskogo-gosudarstvennogo-universiteta (rus.).
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development through a proper approach to their design, construc-
tion and operation [2].

THE FUNCTIONAL MODEL OF THE DORMITORY

Today, the dormitories of major foreign and Russian universi-
ties, such as FEFU, KGEU, MIT, Tietgen Dormitory and others, are
characterized by a variety of public spaces in the infrastructure of
dormitory buildings, as well as an active social life. As part of their
development and modernization, they strive to provide for the ef-
fectiveness and variability of the placement of functional zones of
periodic and episodic implementation, taking into account their
specifics, and to organize an integrated spatial organization of
the territory in a special way.

But fundamentally, the functional composition of any dormitory
consists of four interrelated types of spaces (Fig. 1). All four types
of spaces are present in every dormitory, regardless of size, only
their composition and area change. The presence, parameters and
interaction of these spaces ensures the full functioning of the dormi-
tory [3].

Recreation

Living

Fig. 1. The dormitory functional composition

Accommodation is the basic function of the dormitory. These
are spaces that provide a comfortable sleep and lifestyle for stu-
dents, graduate students, teachers, and staff living on campus.
Their components are: household maintenance, storage, hygiene,
cooking, nutrition, interactions, household activities, etc. Education
is a space where students carry out independent learning tasks,
project and team activities, participation in start — ups and scien-
tific research, individual and collective work with multimedia, com-
puting and other equipment. Leisure is a space that provides
an opportunity for active and passive recreation, sports, as well as
friendly communication. The leisure function can be implemented
both at the level of a residential cell and in the public spaces of
a dormitory. Administrative and service spaces are areas closed to
public access and are necessary for: dormitory management,
cleaning, security, inventory storage, and technical operation.
The first three groups, as implementing basic functions, can be
classified according to the degree of individualization into the fol-
lowing functional zones:

1. Residential blocks: characterized by the permanent resi-
dence of a specific group of students, combine the functional areas
necessary for living, welfare and education.

2. Residential floors: combine several residential blocks with
public spaces (depending on the spatial layout of the building).

They can combine common areas for household maintenance, lei-
sure and education, accessible to all residents of the floor, as well
as rooms for the management and operation of the dormitory.

3. Common areas of the dormitory, accessible to all residents
(usually the ground floors). The service areas of everyday life, stor-
age, leisure activities, self-training, and dormitory management are
combined.

Combinations and parameters of functional areas should cor-
respond to the category of residents. In order to increase satisfac-
tion with dormitory spaces, it is advisable to take into account
the variability of residents' requests and ensure versatility when
forming a functional model of the campus and in the subsequent
design of dormitory spaces. For example, for bachelors, it is recom-
mended to combine living rooms into blocks with a common kitch-
en and dining area, a social area or a living room [4]. And it is advis-
able to place a coworking space on each residential floor or even in
a block if the block unites more than 3 residential cells. A higher
level of individualization is recommended for undergraduates and
postgraduates, when a kitchen-niche and an independent commu-
nication area are provided in a residential cell. In all cases, it can be
considered effective to place different types of categories of stu-
dents on the same floor to create conditions for the transfer of ex-
perience and the formation of inter-faculty startups and joint proj-
ects of students and graduate students [5].

It follows from the above that the formation of an effective func-
tional model of a dormitory is influenced by the category of resi-
dents, the sets of zones and spaces, the level of technological
equipment, the parameters of engineering and low-current sys-
tems. Of course, we must not forget about the parameters of the mi-
croclimate (natural lighting, humidity conditions, air exchange,
acoustics, sound insulation) and the level of decoration. But in this
approach, the functional model has an “as is” format and is based
on architectural, construction and engineering solutions. The cor-
rect format of the model is the “as it should be” format, reflecting
the condition, capabilities and effectiveness of dormitories in the fu-
ture. And if such a “correct format” for the university's research and
educational environment is best represented by its management
and leading staff, then for dormitories, such a format is better rep-
resented by its users. Architectural, construction, engineering, en-
gineering, technological and other requirements for subsequent
design solutions should be focused on their functional tasks. With
their help, the conditions for ensuring the parameters of the mate-
rial and spatial environment of the campus are determined [6].

THE METHODOLOGY OF QUALIMETRIC ASSESSMENT

To solve a number of tasks related to the search and systemati-
zation of criteria and their combinations that have the greatest im-
pact on user satisfaction in university dormitories, the authors ap-
plied qualimetric analysis. It is a method of quantifying the quality of
objects and processes based on a system of criteria (properties)
and their weight significance. It allows you to express quality as
an integral quantity (index), taking into account both quantitative and
qualitative parameters [7]. In this article, the authors have displayed
the methodology and results of applying qualimetric analysis to as-
sess the satisfaction of the student dormitory environment. This al-
lows us to take into account such criteria that establish a link with
satisfaction as: subjective perception of privacy; level of social com-
fort; convenience of logistics; quality of recreational spaces; balance
of individual and public areas. The necessary and reasonable pa-
rameters of a dormitory can be formed as part of the preparation of
its functional model and the campus model. And the architect will
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begin the process of functional zoning and preparation of spatial
planning solutions with clear tasks, and maybe even checklists, in
which the university, as a functional customer, will characterize
the environment he needs. But today, to evaluate the design solu-
tions of buildings, first of all, technical and economic indicators are
used, which help to draw a conclusion about the rational use of
the volumes and areas of the future facility. However, in this format,
as research shows?, future users of the building — students, teach-
ers — cannot evaluate the quality indicators of the MSE, such as
the presence of certain zones, ease of navigation, and the relative
location of spaces. Some of these indicators can be described
quantitatively, but for most criteria a categorical assessment is ap-
plicable (for example, “yes/no”). According to the Standard of inno-
vative educational environment (campuses): “The level of satisfac-
tion with the quality of services provided by dormitories is at least
75 % of user satisfaction”®. The criteria for evaluating the IPU at
the design decision stage, including compactness, functionality, er-
gonomics, and safety, can be expressed through satisfaction with
the design solution on a scale from 1 to 100 points.

Accordingly, the task of the assessment will be to select the op-
timal functional model and design solution based on the satisfac-
tion assessment.

This complex indicator depends on a number of properties that
need to be determined. Each property has its own weighting coef-
ficients, which are used to determine the relative values of proper-
ties. Their sum gives an overall assessment of the integral indicator

2 University Campuses and the City: Cooperation for Competitiveness. Center for
Strategic Research. URL: https://www.csr.ru/ru/research/universitetskie-kampusy-i-gorod-
kooperatsiya-radi-konkurentosposobnosti (rus.).

3 Standard of innovative educational environment (campuses). URL: https:/
npokamnyc.pd/documents/download?id=43 (rus.).

of satisfaction with the housing and communal services of dormi-
tories.

The numerical value of the weighting coefficient can be ob-
tained by two methods: analytical and expert. Despite the fact that
according to the rule of qualimetry, it is necessary to give prefer-
ence to the analytical method [8], in the absence of statistical data,
the expert method of weight assessment was chosen in the work.

The expert assessment is based on the analysis of data on stu-
dent satisfaction with the university infrastructure: these are re-
search data, student reviews in open sources (on the Internet).

In the proposed approach: the dormitory is represented as
a set of functional modules; each module is described by a system
of parameters; for each parameter, regulatory requirements are
fixed according to Russian normative documentation®.

Next, a list of properties that affect satisfaction is formed, which
are classified into the following property groups:

e area and interconnection of functional modules;

e functional zoning and spatial structure;

e accessibility and privacy, comfort;

e equipment and flexibility of use.

The weighting coefficient G; is determined by the expert method
for each group of properties. Within the framework of this study,
the specific area of functional zones, in terms of one student, has
the greatest weight (45 %). Since it is precisely the lack of space that
often leads to a low assessment of student satisfaction with MSE.
The next most important group of properties (40 %) is the qualitative
zoning of the dormitory, which determines the presence, number

4 SR 118.13330.2022. Public Buildings and Structures. SNiP 31-06-2009. URL:
https://www.minstroyrf.gov.ru/docs/223331; SR 379.1325800.2020. Buildings of dormito-
ries. Rules of design Rules. URL: https://docs.cntd.ru/document/603252625 (rus.).
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Fig. 2. The dependence of the growth of student satisfaction with the material and spatial environment of the campus on the integral assess-

ment of satisfaction by qualimetric calculation
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and proportion of various zones in the functional model of the dormi-
tory. It is proposed to focus the remaining 15 % of the weight on
accessibility of the environment for people with disabilities, as well
as taking into account the needs of various groups of residents (ju-
nior/senior students, graduate students, teachers, couples with chil-
dren, international students) [9], as well as on the quality of equip-
ment (furniture, equipment, sockets, Internet, etc.) MSE.

The next step to evaluate the objects of qualimetric analysis
according to the proposed quality assessment methodology is to
determine the minimum allowable or “defective” values. For proper-
ties g, these indicators are denoted by g, There are two methods
for determining these values: documentary and expert. The first
one is based on the indicators of existing regulatory documents.
The expert method is used when it is inappropriate or impossible to
use the documentary method [8]. Based on open data on student
satisfaction with modern student dormitories in Russia and abroad,
the authors have derived the recommended values of the MSE pa-
rameters, which correspond to a high satisfaction value. Based on
these data, a functional dormitory model with optimal values of g;;
properties was formed. For each property, the relative property in-
dex K;; was determined using the formula 1:

K, =" Tae (1)
a;

The values were compared with the relative property index K,
corresponding to the second functional model (functional model
No. 2) of the dormitory, formed according to the relevant regulatory
and technical requirements and recommendations.

Then, for each property, the satisfaction value was determined
using the formula 2:

U =K, G, 2

The integral satisfaction index of the student dormitory for each
functional model was determined by the formula 3:

U=3U,=3K -G, ).

Within the framework of the conducted research, the factors
and conditions determining the dependence of the growth of stu-
dent satisfaction with the material and spatial environment of
the campus on the integral assessment of satisfaction (Fig. 2) have
been established. It was also found that the assessment of the sat-
isfaction of MSE with properties corresponding to the high assess-
ment of students exceeded the value obtained for functional mod-
el 2 by 53 %.

A preliminary analysis of the dependence obtained makes it
possible to make an assumption that increasing the satisfaction of
dormitory users by improving the parameters of the housing and
communal services on an ongoing basis is ineffective, since, for
example, there are some “zones of indifference” when improving
properties does not bring a significant increase in satisfaction.
Thus, a slight improvement in the relatively minimal possible condi-
tions is significant, further improvement is accompanied by a slow
increase in satisfaction, and when certain high-quality indicators of
MSE are achieved, satisfaction practically ceases to grow. This ob-
servation needs further research, as it allows us to identify the opti-
mal values of the MSE parameters.

CONCLUSIONS

The traditional assessment of dormitories is based on: avail-
ability of space, optimal capacity, level of sanitary conditions, and
other values. As such studies and student surveys show, compli-
ance with regulatory requirements does not always ensure high
satisfaction with the environment. Against this background, the qua-
limetric analysis made it possible to take into account the spatial
structure of dormitories, the interrelation of functional modules, ac-
cessibility, comfort, socialization opportunities, flexibility of use, and
psychological perception of the environment. The satisfaction indi-
cator can and should be determined at the stage of functional mod-
eling, when comparing alternative models to select the optimal MSE
for the future dormitory. Then, this will make it possible to form spa-
tial planning solutions based on an assessment of the quality of
the functional structure, and not just regulatory requirements.
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dopmupoBaHne UCXOAHbIX AaHHbIX
Ansa pyHKLUUOHaNbHbIX Moaeneun
O6LLEXUTUIA YHUBEPCUTETCKUX KaMMyCcOB

Ponb 06LeXunTnini B COBPEMEHHbBIX YHUBEPCUTETCKMX Kammycax
NOCTOSIHHO BO3pacTaeT. [JOoMoNHAITCA U YCIIOXHAITCA Tpe6o-
BaHUA K HUM yXe He Kak K cpefe MpoXuBaHUs, a Kak K cpe-
Oe yHKLUMoHMpoBaHus. B cBA3K ¢ 3TuM npobrieMa OLeHKM Ka-
yecTBa (PYHKUMOHANBHOW CTPYKTYPbl OOLLEXUTUA HE MeHee
aKTyasnibHa B CpaBHEHUU C APYrMMU 06beKTamMn YHUBEPCUTET-
cknx kamnycoB. CoBpeMeHHblE CTyAeHYecKne O6LLEeXUTUA
B CTPYKTYpP€E YHMBEPCUTETCKUX KaMMyCcOB MepecTarT BbIMos-
HATb UCKITIOYNUTENBHO (PYHKLMIO NPOXMBAHWA U CTAHOBATCS Ya-
CTbl0 06pas30oBaTesnibHOM, Hay4HO-MCCNeaoBaTeNbCKOM U CoLm-
anbHon akocucTeMbl. OQHaKO OLeHKa MX MPOEKTHbIX PELLEeHUN
No-npe>xXHeMy OCYLLLECTBSAETCA NPEUMYLLECTBEHHO Ha CTaaun
ChOPMMUPOBAHHBIX O6LEMHO-MTAHNPOBOYHbIX PELLEHUIA N OCHO-
BbIBAETCA HA TEXHUKO-IKOHOMMYECKMUX NoKasaTensax u Hopma-
TVUBHOW NpoBepKe. B HacTosLLen ctatbe aBTopaMu NPOJOIKEHO
paccmoTpeHne PyHKLMOHANbHOro nogxoaa K dhopMMpoBaHuio
N OLleHKe 0O6BHEKTOB YHUBEPCUTETCKUX KammycoB, B YACTHOCTH
0BLLEXUTUN, KaK NX 06a3aTerbHbIX 3N1EMEHTOB. B pamkax dyHK-
LIMOHaNbHOro NoAaxoaa 3aaHusa O6LLEeXUTUI paccMaTpuBatoTCs
Kak CUCTeMbl PYHKLMOHANbHbIX MOAyNen (kunasa avenka, Kyx-
HS1, 0OLLIECTBEHHbIE NPOCTPAHCTBA, 3TaX U Ap.), UMEIOLLMX NCHU-
crnsieMble napameTpbl U Kputepun. Kak MHCTPYMEHT BbISIBNIEHUS
nepeyHen Takmx NapaMeTpoB 1 UX BENVYWH Npegnaraetcs npu-
MEeHeHNe KBanMMeTpU4eCcKon METOANKN, OCHOBaHHON Ha Kpute-
pvAX yOOBNETBOPEHHOCTM NoNb30oBaTenen B agnanasoxHe ot 0 go
100. MNpepnoxeHHbIV NOAXOA NO3BOMAET OLleHNBaTh pa3pabdarhbl-
Baemble (PYHKLMOHaNbHbIE MOAENV HA NMPEANPOEKTHOW CTaann
1 hopMmnpoBaTb 06bEMHO-NNAHUPOBOYHbIE PELLEHNS HA OCHO-
BE MHTErpanbHOro nokasarens yaoBNeTBOPEHHOCTH, a He TOMb-
KO HOPMaTUBHOro COOTBETCTBMA. MeToguka MOXeT 6bITb WH-
TerpupoBaHa B LnpoBbie MHHOOPMALMOHHbIE MOAENN 3[AHUN
06LLEeXUTUA N UCMONb30BaThCA MpU pa3paboTKe KaMmyCHbIX
nporpaMm 1 ctpaTeruin pa3BuUTUS YHUBEPCUTETCKOM MHApa-
CTPYKTYpBbI.

Knro4eBble cnoBa: (hyHKUMOHaIbHasA MOAESb, KBaMMeTpuye-
CKWV aHann3, yHNBEPCUTETCKUE OBLLEXUTUS, KaMIyCbl, MaTepu-
aslbHO-MPOCTPaHCTBEHHAs1 CpeAa, yPOBEHb YA0BIETBOPEHHOCTHN
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Positive emergent effect in post-collapse
building restoration systems

The paper examines the phenomenon of positive emergence within the synergistic system of construction and
restoration works following building collapses caused by significant natural or man-made impacts. Emergence is
defined as the manifestation of qualitatively new, previously unpredictable system properties leading to the en-
hanced performance of the object. The post-earthquake restoration of the ltalian village of Venzone (1976)
serves as a case study, demonstrating how a disaster can catalyze improvements in architectural integrity, func-
tionality, and socio-economic value through adaptive reconstruction. A probabilistic-statistical model for predict-
ing the Positive Emergence Effect (PEE) is developed, incorporating key influencing factors: project team com-
petence, flexibility of design solutions, sufficiency of resources, and the architectural improvement potential of
the project. Under favourable conditions, the baseline probability of PEE is estimated to exceed 17 %. The model
is then refined by introducing the critical important risk factor of latent defects undetected during the initial tech-
nical survey. Accounting for this factor significantly reduces the predicted PEE probability, highlighting the para-
mount importance of comprehensive pre-project examination and uncertainty management. The practical value
of the research lies in justifying adaptive project design and flexible management approaches to realize the emer-
gent potential in post-collapse restoration. The proposed framework provides a basis for developing compen-
satory measures against unforeseen complications. The research concludes that a positive emergent effect
should be considered a valuable target in reconstruction planning, capable of transforming a recovery process
into an opportunity for holistic systemic enhancement of the building across technical, economic, and sociocul-

tural dimensions.
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INTRODUCTION

The execution of construction and restoration
works (CRW) on buildings after sustained dam-
age relies on clear planning, regulations, and
standards. The issue of reviving cities after devastat-
ing military conflicts and natural disasters has been
studied by P.P. Oleinik, A. Maaruf, E.V. Shcherbina,
A. Belal and M. Hrasnica. Based on the results of
the research work by B.F. Shirshikov and V.V. Akulich,
it can be unequivocally concluded that CRW encom-
passes all types of general construction and special-
ized works and can have the character of either ma-
jor repairs or reconstruction, depending on the de-
gree of damage sustained. Some features of restora-
tion works can be distinguished [1]:

e specific types of works with their own non-

standard technology;

e the composition and scope of works depend on
the spatial planning solutions of buildings and
structures, the degree of their damage, the se-
quence of restoration works, and the concen-
tration of restoration works on the object and
within a group;
the structure of CRW, its non-repeatability;
the possibility of forming and operating spe-
cialized mobile mechanized columns for per-
forming individual types of works by integrated
teams;
changes in the work structure, the ratio of spe-
cific weights of various types of works in the to-
tal volume of construction and installation
works. The restoration of any building is sharp-
ly different from the work ratios in its new con-
struction;

e the absence of standard and ready-made so-
lutions, as well as all necessary regulations for
CRW.

Under conditions of uncertainty arising from
emergencies involving real estate objects, there is
a need for rapid forecasting of the probability of pos-
sible scenarios, namely further consequences, both
positive and negative, in terms of their impact on
the object under consideration. Probabilistic fore-
casting is defined by the post-nonclassical scientific
paradigm, which has become most relevant in mod-
ern society [2].

Construction and restoration work (CRW) col-
lectively constitute a complex construction system,
comprising various defined and variable parame-
ters. The CRW organization system after a collapse
is a typical synergistic system, characterized by its
components such as a high degree of uncertainty,
internal and external interactions, and the capacity
for adaptation and self-organization. The applica-
tion of synergy principles allows for more flexible
and effective management of this complex process
(Fig. 1).

Emergence in this context is understood as
a qualitatively new property of a system arising from
the interaction of its components, not initially em-
bedded in the design. We will consider this effect
from the perspective of old construction objects'
systems acquiring, as a result of forced changes
and modernization, new aggregate qualities.

Let's consider a vivid example of European ex-
perience in restoring an entire village after a natural
disaster.
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« the system does not respont proportionally to ecternal influences;
—»( The nonlinearity of the system « small changes in the oprganization or resources can cause both positive effects
(acceleration of work) and crises (delays, risks of secondary collapses)

« the CRW system is open: it interacts with the external environment, such as
suppliers, the public, authorities, weather conditions, etc.;

« feedback from the external environment affects the progress and success of
the recovery process

[ Openness of the system

Construction and
Restoration
Works (CRW)

« after the collapse, the system goes out of stable condition;
« restoration construction is a process of returning to sustainability, but through
a series of transitional and unstable states

—>( Dynamic equilibrium

Synergetic (
features of
the system

YN

« in conditions of limited time and resources, there is a spontaneous
residtribution of functions and roles (for example the brigades themselves
distibute the sites in case of an overload of the management staff);

* local autonomy of working groups is possible

Ability to self-organize

)

« external and internal accidental events (for example, weather conditions,
errors in damage assessment, equipment failures) can change the trajectory

NN NN

—>( Fluctuations of recovery;
» some fluctuations may initiate the transition of the system to a new, more

stable mode groups’

« during the restoration of buildings, the system faces critical points (bifurcation),

where several development scenatios are possible: acceleration, deadlines,
_’( Bifurcations increased risks, etc.;

« the choice of strategy (for example, temporary closure or demolition) determines

the further evolution of the entire system

« the coordinated work of all participants (surveyors, designers, engineers,
—»( Emergent property builders, experts, etc.) leads to a result that cannot be achieved individually;

« there are properties and effects that are not inherent in the individual

elements of the system

Fig. 1. Main features of synergy in the CRW organization system

THE VILLAGE OF VENZONE IN THE ITALIAN PROVINCE
OF UDINE (HISTORICAL MUSEUM OF MUMMIES)

On May 6, 1976, a devastating earthquake occurred in the Friuli-
Venezia Giulia region in northeastern Italy, completely destroying
the village of Venzone in the province of Udine [3]. Large-scale
restoration works of the village's historical buildings and architec-
tural monuments began shortly thereafter. The city committee de-
cided to reuse suitable stone fragments from the destroyed build-
ings in the restoration and construction. During the meticulous
process of collecting and sorting stones, over 10,000 stones from
the destroyed buildings were preserved, stored, and cataloged for
reuse in reconstruction. The reconstruction of Venzone was com-
pleted in 1990. Today, it is hardly noticeable that most buildings
were rebuilt in the last few decades [3].

The restoration of the historical buildings led to Venzone being
recognized as the most beautiful village in Italy in 2017 based on
the results of the national television competition “Il Borgo dei
Borghi”, surpassing 19 rival contenders. The winner received spe-
cial recognition from the judges as the best example of architec-
tural and artistic restoration after an earthquake'.

" Venzone vince I'edizione 2017 Concorso “Borghi”. Corriere della Sera. 17 aprile
2017. URL: https://www.corriere.it/cronache/17_aprile_17/venzone-vince-l-edizione-2017-
concorso-borgo-borghi-032ab05c-236e-11e7-9fca-ec0025fa502¢.shtml

In the reconstruction of Venzone, one can note the acquired
positive emergent effect in the form of widespread global publicity
after winning the competition, a significant increase in tourism lev-
els, and the strengthening of the local economy (Fig. 2, 3)2.

Unlike new construction design, the organization system, for
example, for reconstruction after destruction, must possess proper-
ties of flexibility, creativity, and adaptation “on the go”, which deter-
mines its viability. It is precisely under these conditions that the po-
tential for positive emergence arises. The forecast of obtaining
a positive effect can be calculated using statistical mathematical
analysis.

The concept of emergence pertains to systems theory, defined
by the rule “the holistic property of a system is greater than the sum
of the properties of all its individual elements”. The presence of
generated properties specific to the system and not derivable from
the known properties of the system's elements and the ways they
are combined into subsystems is emergence [4, 5].

Experience in organizing construction works shows the emer-
gent structure of relationships between elements and subsystems
of each system. Subsystems cannot function autonomously; they
interact in such a way that the properties of a subsystem depend on

2 URL: https:/new.unarussainitalia.ru/srednevekovyy-vencone-i-ego-muzey-mum.
html
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Fig. 2. Fountain in the square

Table 1. Positive consequences of the emergent effect

Fig. 3. The main cathedral of Venzone

Aspect Before reconstruction After reconstruction Effect

Functionality Outdated planning solutions | New public spaces, atrium, translucent structures | and space, increasing the safety margin of building

« the flexibility of the system of planning solutions

structures can significantly expand the possibilities

Energy Efficiency Low

Enhanced by the use of the latest materials with | Of application and purpose of the building;
an increased coefficient of heat transfer resistance

Architectural
expressiveness

Integration of new materials and architectural solu-
Standardized historical tions into the historical framework.
A unique blend of old and new

« reduced load on heating and air conditioning sys-
tems contributes to a significant reduction in the size
of engineering systems, consequently freeing up us-

Heterogeneous, partially

able volume, and the systems themselves are easier

attractiveness is high

Structural strength Reinforced with innovative materials to conceal;
weakened
The updated visual appearance acquires a unique |« the system of integrating modern materials into
Social significance and | Low level of importance, symbiosis of qualities already historically familiar | the historical foundation and design, considering
identity appearance is repulsive with the updated and modern, the level of social current societal needs, allows achieving a high level

of social significance

the totality of interconnections with other elements and the quantita-
tive measure of these interconnections. The actual operational pa-
rameters of an engineering structure (service life, maintenance
costs, etc.) often diverge significantly from their design values,
which were forecasted based on calculation schemes of individual
subsystems and elements prior to their integration. The emergence
of a system does not allow limiting oneself to studying its elements
and the connections between them but also requires conducting
a holistic analysis of the complex system. The patterns of generated
(emergent) properties are the most complex to observe, qualify,
quantify, and forecast, requiring constant monitoring of the system's
lifecycle, analysis of all available information about the object, and
the development of situational support for the system's develop-
ment [4].

Key characteristics of the emergent effect:

e unpredictability: the inability to foresee at the design stage all
positive and negative consequences for the implementation
object;

e wholeness: the overall property of the system surpasses
the sum of its components;

e contextuality: it depends on specific conditions (social, tech-
nical, environmental).

Also, it is necessary to highlight the possible positive conse-
quences of the effect, indicated in Table 1.

We have defined the goals of such projects aimed at obtaining
positive emergent effects, and to achieve any goal, specific tasks
must be set. Regarding construction and restoration works, it is first
necessary to consider the tasks that will be set at the stages of in-
spection and design [6].

The experience of post-disaster recovery, described in other
studies, confirms and specifies the key conditions for the emer-
gence of positive emergence in construction and restoration works
(CRW). Analysis of works dedicated to damage assessment and
reconstruction strategies shows that unpredictability and the ne-
cessity for adaptation are not obstacles, but potential sources of
systemic improvements.

In the context of damage and hidden defect assessment,
the study by M. Hrasnica (2019) emphasizes the unique complexity
of inspecting historical masonry after wars and natural disasters,
where a significant portion of critical damage may initially remain hid-
den [7]. In turn, the results of the work by Nestor M. et al. (2022),
using the example of reinforced concrete columns damaged by ex-
plosions, show how combined impacts lead to complex, non-linear
damages poorly amenable to standard assessment methods [8].
This illustrates the principle of wholeness and unpredictability of



HeaBmXnMOoCTb: SKOHOMUKA, ynpaeneHune

MexayHapoaHbI Hay4HO-TEXHUYECKUI XYypHan

TPAROPETYNINPOBAHUE W YNIPABJIEHUE XXUINLLHO-KOMMYHAJIbHBIM KOMIJIEKCOM

#1/2026

49

recommendations

1. General acceletated visual assessment of the condition of building structural elements
and damage categories, determination of the accident rate of the construction site, general

2. Commission recognition of buildings to be restored or demolished

3. Involvement of specialists in various areas of construction (surveyors, architects,
engineers, cost estimators), including highly specialized ones (scientific and technical
support specialists, experts from design institutes in the preparation of recommendations
for the restoration of technically complex and unigue structures, experts on materials)

Objectives of the building
restoration project

%LA

4. Preparation of design and estimate documentation for restoration work with an ectended
inspection of the technical condition of building structures and engineering systems

5. Development of a project for the organization of construction, taking into account

the specifics of the construction or repair area, logistical accessibility, including consideration
of the need for certain types of work by manual, mechanized and robotic methods (in some
cases, it is necessary to carry out unique types of work)

6. Development of a calendar schedule for construction work, taking into account

the critical path, as well as ways to optimize the timing of work, taking into account
the specifics of the construction or repair area

Fig. 4. Flowchart of main CRW (construction and restoration work) tasks

emergent systems, where the behavior of a damaged structure as
a whole cannot be reduced to the simple sum of damages to its indi-
vidual elements. This conclusion confirms the necessity for flexible
design and the presence of a broad base of innovative solutions to
adequately respond to the actual, and not just the projected, picture
of destruction.

Speaking of the aspects of recovery planning and social adap-
tation, one cannot fail to mention the dissertation research by
S. Kassouha (2020), which analyzes the application of post-war
housing recovery methods from West Germany to contemporary
Syria [9]. Its key finding is the impossibility of mechanically copying
solutions without deep adaptation to local social, economic, and
cultural conditions. This directly corresponds to the contextuality of
the emergent effect and underscores the role of socio-technical
interactions. Successful reconstruction leading to positive emer-
gent results (as in the case of the village of Venzone) must consider
the object not only as a physical structure but also as an element of
a social system. Its restoration can become a catalyst for broader
positive changes, taking into account the emergent historical spec-
ificities and identity of the CRW area [10, 11].

Thus, contemporary research in the field of damage assess-
ment and recovery emphasizes three interconnected aspects criti-
cally important for realizing positive emergence in CRW:

e deep and iterative condition assessment, revealing hidden

potential and risks;

e holistic engineering approach, accounting for non-linear in-

teractions within the system of damages;

e adaptive socio-technical strategy, flexibly adjusting to varying

situations.

The integration of these principles into the CRW organization
system creates an environment where unforeseen circumstances
are transformed from threats into opportunities for the evolutionary
improvement of the object.

A post-collapse restoration project poses complex and unique
tasks (Fig. 4).

These circumstances create an environment conducive to
the emergent appearance of new architectural and engineering so-
lutions. We can calculate the approximate probability of obtaining
a positive result using mathematical models from statistics. By
adapting statistical models to our case of CRW, we will introduce
the necessary variables, calculate the probability of a positive
emergent effect, and consider measures to compensate for such
a non-primary factor as the presence of hidden defects not de-
tected during the technical inspection.
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CALCULATION OF THE PROBABILITY OF A POSITIVE
EMERGENT EFFECT IN CONSTRUCTION USING
THE EXAMPLE OF POST-COLLAPSE RECONSTRUCTION

We will build a probabilistic-statistical model that accounts for
key parameters influencing the outcome of reconstruction [12, 13].

1. Problem Statement

Let P,, — be the desired probability of a positive emergent ef-
fect (PEE), i.e., the probability that the outcome of post-collapse
reconstruction will lead to improved architectural, technical-eco-
nomic, or functional characteristics of the building.

We proceed from a model of conditional probability consider-
ing independent variables (factors):

P..=PE, NEynEsnE,), (1)

where E; — presence of high competence of the design team in
reconstruction projects;

E, — presence of an organizational knowledge base with
a sufficient number of optimal and innovative technical solutions,
enhancing the flexibility of applying design solutions;

E, — availability of sufficient resources (time, budget) for
the timely implementation of changes in reconstruction projects;

E,— degree of elaboration of the architectural-functional im-
provement potential embedded in the project.

These events are assumed to be statistically independent for
the sake of a first approximation (dependencies can be accounted
for later if necessary).

2. Defining Probability Components

In Table 2, we adopt conditional probabilities (based on sur-
veys and practice of design organizations, using a typical speci-
men of 50 reconstruction projects of various types of capital con-
struction objects).

3. Calculation of Final Probability

Assuming factor independence:

P.o=P(E)) - PEy) - PEs) - P(EL), @)

where P(E;) — is the probability of each individual event.
Let's perform the calculation using the formula:

P..=085-06-05-0.7=0.1785.

4. Result Interpretation
The probability of a positive emergent effect in post-collapse
reconstruction, according to this model, is ~17.85 %.
What this means:
e approximately in every fifth or sixth case, reconstruction yields
improvement in architectural-functional characteristics due to
emergent solutions;

Table 2. Adopted probabilities for each factor

Factor Condition- | Probability estimation
al event £; P(E)
Team Qualification E, 0.85 (85 %)
Flexibility of Design E, 0.6 (60 %)
Sufficiency of Budget/Time E, 0.5 (50 %)
Architectural Potential E, 0.7 (70 %)

e this is a relatively high probability, considering it involves de-
viation from planned, standard solutions under conditions of
large-scale destruction.

5. Conclusion

The calculation shows that under favourable conditions,

the probability of positive emergence reaches ~18 %, confirming
the advisability of supporting design flexibility and allowing innova-
tive approaches in post-collapse reconstruction conditions.

PROBABILITY OF A POSITIVE EMERGENT
EFFECT (PEE) ACCOUNTING FOR THE RISK
OF HIDDEN DEFECTS NOT IDENTIFIED
DURING THE POST-COLLAPSE INSPECTION

We will introduce an additional random variable — the pres-
ence of defects in structures not accounted for by the inspection
(hidden defects) (D) — and forecast its overall impact on the sys-
tem.

Important clarification:

e this variable is non-normative in terms of assessment®;

e defects D are not a consequence of contractor errors;

e defects D are not related to poor workmanship but are caused
by undetected (hidden) damages discovered only after
the start of reconstruction.

Impact of undetected defects on the overall outcome:

e emergence of unplanned work volumes (additional reinforce-
ment, dismantling, demolition, etc.);

e diversion of resources and time previously allocated for im-
plementing innovative or architectural-functional improve-
ments;

e shift in priorities: the design team may be forced to shift focus
from optimization to threat mitigation;

e budget constraints, as the risk reserve budget may be fully
utilized without replenishment;

® |egal or contractual constraints: some decisions require recal-
culations, approvals, and deferred solutions.

General Extended Probability Model

We denote:

e P, .. probability of a positive emergent effect;

e D: the event that the building has hidden defects not detected
during the inspection;

e =D there are no hidden defects or their presence has no sig-
nificant impact on the result;

e P(D): probability of the presence of undetected (hidden) de-
fects;

e P, p: probability of a positive effect given the presence of
hidden defects;

e P, ...p: probability of a positive effect given full identification of
the structure's condition during the inspection stage (the influ-
ence of hidden defects is not significant).

General formula:

Pie=PD) P ap+ (1-PD)) P.ep- 3)

+e

Let us consider a case accounting for the previously consid-
ered model components (Ey, E,, E5, E,).

3 GOST 31937-2024. Buildings and Structures. Rules for Surveying and Monitoring
Technical Condition: effective date 01-05-2024. Official ed. Moscow, RIS, 2024; 64.
URL: https://docs.cntd.ru/document/1305691614 (rus.).
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Then our formula takes the general form:
P.,.=P(E{D N E,ID n E5ID N E,ID); (4)

P,e=P(E{D N EID nE4ID N E,ID) =
= P(E4ID) - P(E,ID) - P(E4ID) - P(E,ID), (5)

where E4ID — presence of high competence of the design team in
reconstruction projects where unaccounted-for hidden defects
were identified during the installation process;

E,ID — presence of an organizational knowledge base with
a sufficient number of optimal and innovative technical solutions,
enhancing the flexibility of applying design solutions in case hidden
structural damages are identified;

E;ID — availability of sufficient resources (time, budget) for
timely implementation of changes in reconstruction projects where
unaccounted-for hidden defects were identified during the installa-
tion process;

E,ID — degree of elaboration of the architectural-functional im-
provement potential embedded in the project.

Thus, the extended probability model:

P,, =P(D)-P(E, N E,nEynE,ID) +
+P(=D) - P(E, N E, N E5 A E,| =D); (6)

P.. =P(D)-P(E; N E,ME;AEJD) + (1-PD) - Prp. (7)

Parameter Estimation

Probability of hidden defects P(D).

According to data from technical audits and engineering in-
spections of buildings after accidents, as well as conducted sur-
veys of construction organizations, in 30-40 % of cases, not all
significant defects can be detected at the inspection stage. Let us
adopt an averaged probability value P(D) = 0.35.

Input parameters:

P(D) = 0.35 — probability of the presence of significant hidden
defects;

P(=D) = 1-P(D) = 0.65 — probability of the absence of hidden
defects with significant influence.

Let us introduce a coefficient for reducing efficiency in the pres-
ence of defects — a;, then:

e P(E|-D) — effectiveness of the factor under normal condi-

tions;

e P(EID) = o, - P(E)I=D), where a e (0, 1) — is the efficiency re-

duction coefficient in the presence of defects (e.g., 0.6 means
a 40 % drop).

Table 3. Data obtained from surveys conducted from 2021 to 2025

Also, we consider the important condition that o; is not a result
of poor workmanship but a forced adaptation of the project to new
conditions. Consequently:

® o, values inevitably decrease even with high competence and

a knowledge base;

e however, projects do not become failures; the overall emer-

gent effect merely diminishes.

P(E) = a; - P(EjI=D) - P(D) + P(E}I=D) - (1 = P(D)); 8)

P(E) = P(EI=D) - [o; - PID) + (1 - P(D))] =
= P(E{I=D) - [1 - PD)(1 - o], 9)

where o; = 1: unaccounted defects do not affect efficiency —
P(E)) = P(E/I-D);

o; < 1: he smaller a; and the larger P(D), the more the overall
probability P(E;) decreases.

Table 3 presents data from surveys conducted among con-
struction organizations and state institutions from 2021 to 2025, in-
dicating averaged values of coefficient o; and calculated P(E,ID)
(probabilities considering defects).

Substituting the found values into our model for determining
P.o

P, =PD)-PE{NE;NE;NEND) +(1-P(D))-P,op =

=0.35-(0.79-0.54-0.43-0.68) + 0.65-0.1785 =
=0.35-0.1247 + 0.65 - 0.1785 = 0.1597 (~15.97 %).

Result interpretation:

e accounting for the risk of hidden defects, the probability of
a positive emergent effect decreases from ~17.85to0 ~15.97 %;

e this is a reduction of ~2 percentage points (~10.5 % relative to
the previous estimate);

e thus, timely and thorough inspection of structures before
the start of reconstruction can significantly influence the prob-
ability of success.

BAYESIAN REVISION: P(DIE)

Suppose that after observing a positive emergent effect, we
want to clarify the probability that hidden defects were nevertheless
present:

P(EID) - P(D)

PDIE) === 5

(10)

) ) o Probability estimate | Probability estimate
Factor Mechanism of defect influence Probability value o P(EI-D) P(EID), considering o
U - ) ) 0.75-0.85
Team Qualification £, Efficiency remains unchanged, but the pace of work will decrease 0.85 (85 %) 0.79 (79 %)
(average 0.80)

. ) The developed design solutions are subject to adjustments based on 0.65-0.75 0 0
Flexibility of Design E, the actual situation (average 0.70) 0.6 (60 %) 0.54 (54 %)
Sufficiency of A significant part of the budget/time is spent on correcting unforeseen 0.55-0.65 o o
Budget/Time £, design errors (average 0.60) 05(50 %) 043 (43 %)

Forced adjustments to the project already during implementation may 0.85-0.95
Architectural Potential £, | hinder the implementation of the architectural ideas originally laid ) ) 0.7 (70 %) 0.68 (68 %)
down (average 0.90)
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Using the values obtained above from the calculation:

P(D) = 0.35 — probability of the presence of hidden defects;

P(EID) = P(E, nE, n E; n E,ID) = 0.1247 (calculated above);

P(E) = P,, = 0.1597 — total probability of a positive effect (cal-
culated earlier by the tgsgt pypbility dotowalo.35

Thenwe OBt =~ pg)  — 01597
_0.0436

~ 0.1597

=0.2733 (~27.3%).

Conclusion: even with a positive effect, the probability that hid-
den defects were still present is about 27.3 %. This indicates that
the system can adapt to shortcomings — emergence acts as a com-
pensatory capability.

This implies:

e the possibility of achieving positive results even in the pres-

ence of unforeseen problems;

e but it also points to the necessity of a systems approach to

design that accounts for potential uncertainty.

System interpretation (Systems Theory)

The model is based on 4 independent factors (E—£,), each in-
fluencing the system's readiness for adaptation:

* £, n E, — the cognitive-design loop (knowledge and compe-

tencies);

e £, — the resource loop (time, budget);

e £, — the architectural-functional potential (system reserve).

In terms of systems engineering:

1. The probability of PEE is the reliability of the system's func-
tional reserve, realized under a certain configuration of factors.

2. The presence of hidden defects is a structural defect causing
a potential “deviation from the norm”.

0.4

0.6
s, 0.8

The model's robustness is manifested in that even with the de-
terioration of one factor (e.g., the appearance of D), a positive out-
come is still possible if strong compensating factors (E4, E,) are
present.

The graph shows the dependence of the final probability of
a positive emergent effect P, ,, accounting for hidden structural de-
fects P(D) = 0.35, on the parameters:

e P(E,) — probability of having a competent design team;

e P(E,) — probability of flexibility of design solutions.

Key conclusions determined by the graph:

e with P(D) = 0.35, the effect of hidden defects reduces overall

success but does not nullify it;
e the higher the values of £, and E,, the higher the final proba-
bility P, ,, but even with high values of £, and E,, the presence
of hidden defects reduces the probability of a positive effect,
albeit insignificantly;

e the presence of hidden defects lowers the overall probability
level;

e the effect of improving £, and E, is more pronounced in the range
of high values (from 0.6 and above), but with a low level of any
factor, a sharp drop in P, is observed.

COMPENSATORY MEASURES
TO REDUCE THE NEGATIVE IMPACT
OF HIDDEN DEFECTS

To compensate for the negative impact of hidden defects (P(D))
on the probability of a positive emergent effect in post-collapse
reconstruction projects, it is recommended to take measures to in-
crease the resilience of the project system to uncertainty [14, 15].
Fig. 6 presents directions and practical measures.

D
0.4 Q\

0.2
1.0 00

Fig. 5. Three-dimensional graph of result dependence on parameters E, and E, (dependence of P,, on parameters E, and E,, taking into ac-

count hidden defects)
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The graph showed that the highly qualified designers significantly offset
the negative impact of hidden defects.

Measures:

. involvement of specialists with experience in emergency facilities
and reconstruction;

e regular professional development of survey specialists, especially
in terms of diagnostics of structures, reinforcements, adaptive solutions;
« the formation of an “emergency expert team” within the organization,
with an eye to responding quickly when hidden defects are detected

1. Professional development
of the project team (&)

The flexibility of design solutions is crucial for adapting a project

to unforeseen circumstances.

Measures:

- implementation of digital libraries of design solutions, including
examples of reinforcement implementation, defect elimination,
and backup structural elements for reinforcement;

« development of standard modules and nodes that can be easily adapted
to the actual conditions;

« development of a database of protocols and regulations in case
of detection of various kinds of hidden defects at all stages of the CRW

If there are hidden defects, an additional resource of time and money can
be crucial to achieve a positive result.
Measures:
« establish a “budget buffer reserve” for at least 10-20 % of the total
estimated cost of reconstruction;
e create extended work schedules
when changing design assumptions;
«to conclude CRW contracts with a flexible financing model that
provides for adjustments in case of unforeseen circumstances

with the ability to adapt

Reducing the underlying risk of hidden defects directly increases the
chance of a successful emergent effect.

Measures:
«the use of “enhanced examination methods” (ultrasound, thermal
imaging, tomography, autopsy of individual hidden nodes);
« conducting an additional survey by an outside organization;

- the use of structural diagnostic methods based on the destruction data
(behavioral analysis by modeling the structure according to the shape
of the collapse)

IDEA: The project should initially assume several implementation
scenarios, taking into account possible risks, including hidden defects.
Measures:

.to form variable design solutions with the possibility of quick
replacement;

«to model critical nodes in advance, taking into account all
the features in which problems may arise during disassembly
or reinforcement;

«develop a protocol for “switching to a backup strategy” when
identifying hidden problems

Fig. 6. Compensatory measures to reduce the negative impact of hidden defects

Conclusion from the statistical calculation

Even with P(D) = 0.35 (35 %), due to the professional level of
the team and flexibility of solutions, the probability of a positive out-
come can be doubled. Therefore, the main attention should be paid to:

e proactive uncertainty management;
e accumulation and transfer of knowledge;

e and the implementation of adaptive design as a mandatory
stage in the reconstruction of emergency objects.

CONCLUSIONS

The process of conducting construction and restoration works
on damaged buildings, despite the inherently negative fact of dam-
age, can become a catalyst for such positive effects of synergistic
construction systems as emergence. The analysis of a specific
case showed that flexibility, collective intelligence, and adaptation
to unforeseen circumstances can not only restore but also improve
a building in a number of parameters. The proposed statistical
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model for forecasting the probability of obtaining a positive emer-
gent effect, considering various types of damages not identified
during inspection, allows for assessing the shortcomings of
the construction-restoration system and increasing its effective-
ness.

Thus, the positive emergent effect should be considered not as
a side effect but as a potentially valuable objective in reconstruction
and architectural design.
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XutenbHoro adhdekTa amepaxeHTHocTH (M33). Mopgens yunTbI-
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CKPbITbIX AeDEKTOB, HE BbISBIEHHbIX NpW 06cnefosaHun. Yyet
3TOro haktTopa B MOAENN BHOCUT BaXKHbIE YTOYHEHUS U CHUXKA-
eT BeposATHOCTb 1393, TeM cambiM nog4YepKMBas KpUTUHECKYHO
BaXXHOCTb TLLATENbHOrO NPEeAnPOEKTHOro aHanusa. MNpakTtuye-
CcKasi 3Ha4YMMOCTb paboThbl 3ak4YaeTcs B 060CHOBaHUWN LIEH-
HOCTW afanTMBHOIO NMPOEKTUPOBAHUSA U yNpaBlieHUs Heomnpe-
[EeNeHHOCTbIO ANS peann3auny 3MephXXeHTHOro noteHuuana
B CTPOUTENbHO-BOCCTAHOBUTENbHBIX NpoeKTax. MpeanoxeHHas
MoZesb 1 BbIBOAb! CMY>XaT OCHOBOM NSl pa3paboTKn KOMMEHCU-
PYIOLLMX MEPONPUATUIA, HanpaBieHHbIX Ha MUHMMMW3aLMo Hera-
TUBHOIO BNUAHUA HenpeaBUOEHHbIX Q)aKTOpOB. 3aKo4UTENBHO
nenaeTcs BbIBOA, YTO MONOXMUTENbHbIV AMEPIKEHTHbIN 3EKT
crnepyeT paccmMaTpuBaTh Kak LieneBon, a He No60YHbIA SMIEMEHT
PEKOHCTPYKLMKN, CMOCOBHBIN NpeBpaTUTb NPoLecc NMKBMAALUA
NOBPEXAEHUIN B BO3MOXHOCTb CUCTEMHOIO YiyYLLEHUs BOCCTa-
HaBnMBaemoro o6beKTa Mo LLUMPOKOMY CMEKTPY NapameTpoB —
OT TEXHVKO-3KOHOMUYECKMX [0 COLIMOKYIBTYPHbIX.
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Engineering and Technical Survey of
Cultural Heritage Object in the Project for Its
Restoration and Adaptation for Modern Use

The paper presents the results of an engineering and technical survey of building structures in a project to restore
and adapt a cultural heritage site for modern use. The aim of this study is to develop and implement an integrated
methodology for diagnosing the technical condition of building structures, taking into account the specific nature
of cultural heritage sites, as well as to justify reinforcement and restoration measures aimed at extending the re-
source potential and adapting the site to its modern functional purpose. The initial permitting documentation for
the surveyed site was studied and a survey programme was developed during the survey. The building space-
planning solutions were established, the building's load-bearing elements design was determined. The building's
structure measurements were taken, floor plans, facades, and characteristic sections were drawn up. A detailed
inspection of the building's load-bearing structures was conducted, identifying their design features. Photographic
recording was completed. The technical condition of the building's load-bearing and enclosing structures was
determined. A technical report was prepared based on the survey results. Visual and visual-instrumental meth-
ods were used during the survey. Structural defects were visually identified, including cracks, deformations, load-
bearing elements displacement relative to design positions, and others. Visual and instrumental methods were
used to refine the geometric dimensions, and the actual physical and mechanical properties were examined.
The building's technical condition was determined, and conclusions regarding its future operation were formulat-
ed based on the comprehensive engineering and technical survey results, in-place and laboratory tests, verifica-
tion calculations, and an archival materials study. Verification calculations were performed for the building's metal
roof truss, vertical displacements and N forces in the truss were determined, and designated cross-sections were
checked for the first and second limit states, as well as for local truss stability. A seismoacoustic pile survey was
also conducted to determine the pile depth. Furthermore, as the technical survey part of the cultural heritage site,
a mycological test of the wooden dome roof structure was performed to detect infestation by biodegradable fun-
gi (biological damage), and the possible causes of the infestation were determined. Specimens from the wooden
supporting roof structures were examined using cultural and morphological methods.
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The cultural heritage preservation worldwide re-
mains a pressing issue, as many countries
possess vast numbers of historic monuments
requiring protection and restoration. This article ex-
amines technical inspection methods applied to cul-
tural heritage object in Russia. Mandatory compre-
hensive engineering and technical inspection is
a key component of international heritage preserva-
tion programmes. This process involves detailed
evaluation of structural characteristics, current condi-
tion, and related risks. The results form a scientific
basis for effective restoration and adaptation strate-
gies, incorporating advanced diagnostic technolo-
gies to improve accuracy and reduce damage risks
during work [1-3].

The work objective presented in this article is to
determine the building structural design, its techni-
cal condition, and the structures overall load-bear-
ing capacity, identify hazardous damage, perform
surveys with the architectural drawings and initial
data for design, perform verification calculations,
apply instrumental assessment methods, conduct
laboratory tests taking into account the cultural her-
itage site objects and justify measures for strength-
ening and restoration aimed at extending the re-
source potential and adapting the site to its modern
functional purpose. Engineering surveys types in-
clude engineering and technical inspection (build-
ing inspection, pit excavation, laboratory and office

work). The survey was carried out in accordance
with the requirements of Russian National Standard:
GOST 31937-2024!, Code of Practice: CP 13-102—
20032, CP 70.13330.2012%, CP 31-110-2003* [4-7].

The building discussed in this article is a region-
al cultural heritage site. The building was not in use
prior to the survey and during the research. The buil-
ding has a complex configuration, four stories high,
with a basement, two mezzanines, superstructures,
and a cinema on the second, third, and fourth floors.
It was constructed between 1928 and 1931. Recon-
struction was completed in 1972. The building is
a special design object. Its structural design is mixed,
with some parts being frameless and others being
a partial frame. The column foundations are pile gril-
lages connected by concrete slab with pile clusters.
The wall foundations are composite strip foundations
made of cut limestone rubble in a cement-sand mor-
tar, concrete, and ceramic brick. The exterior walls
are constructed of brickwork in a cement-sand mor-
tar, plastered, and painted. The interior walls are

' GOST 31937-2024. Buildings and constructions. Rules of in-
spection and monitoring of the technical condition.

2 CP 13-102-2003. Rules for inspection of load-bearing struc-
tural elements of buildings and structures.

3 CP 70.13330.2012. Load-bearing and separating construc-
tions.

4 CP 31-110-2003. Design and erection of electrical equipment
in residential and public buildings.
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self-supporting, made of ceramic brick in a cement-sand mortar,
and cinder concrete. The floor slabs are monolithic reinforced con-
crete, also made of precast reinforced concrete slabs on metal
beams. The spandrel beams are reinforced concrete. The roof struc-
tures are complex in configuration, with flat and domed sections.
The roof covering is galvanized steel sheet over wooden framings,
with soft roofing made of rolled waterproofing membrane over rein-
forced concrete roof slabs. Water removal is controlled, while the
external water removal is uncontrolled. The building's spatial rigidity
is adequate, ensured by rigid joints connecting the beams to the
columns and the floor slabs. The courtyard area is levelled. The
adjacent asphalt pavement serves as a blind area in the courtyard,
while paving slabs serve as a blind area on the main facades. Bal-
conies are made of reinforced concrete slabs, cantilevered into the
building's exterior wall. They are located on the main and courtyard
facades at the second-story level. The building's facades are plas-
tered and painted. Two- and three-flight staircases are made of
monolithic reinforced concrete on a monolithic reinforced concrete
slab, on steel stringers, with reinforced concrete landings and land-
ings supported by reinforced concrete and steel beams and stair-
well walls. Partitions are made of brick and cinder block. The build-
ing facade fragment is shown in Fig. 1.

The technical survey included a series of measures aimed at
establishing the building materials strength characteristics in load-
bearing structures using non-destructive testing methods. The con-
crete strength class was determined in compliance with the regula-
tory requirements set forth in Russian National Standard GOST
31937-2024". The building's structural strength was assessed using
the non-destructive, rapid impact pulse method using the Beton
PRO Condtrol instrument in accordance with Russian National Stan-
dard GOST 22690-2015°. According to the test results, the average
concrete strength of monolithic reinforced concrete columns was
31.8 MPa, the average concrete strength of monolithic reinforced
concrete beams was 32.1 MPa, the average concrete strength of
monolithic reinforced concrete floor slabs was 32.0 MPa, the aver-
age strength of ceramic bricks in the external walls of the 1st floor
and basement was 9.3 MPa. Concrete strength was assessed using
the ultrasonic device UK1401. Nondestructive testing results show
that concrete strength in monolithic foundation slabs under blocks

5 GOST 22690-2015. Concretes. Determination of strength by mechanical methods
of nondestructive testing.

Fig. 1. The building facade fragment

1-5 matches class B25, as does strength in cast-in-place columns
embedded in soil.

Verification calculations. Calculation relevance stems from en-
suring reliability of metal roof trusses in a cultural heritage building
under service loads. Work aims to verify vertical displacements and
forces N, check assigned sections for ultimate limit states 1 and 2,
and local stability per CP 16.13330.2017° and CP 20.13330.2016".
Tasks include load calculation, truss element strength and stability
assessment, and local buckling analysis. Results confirm compli-
ance of metal truss designs with standards and enhance opera-
tional reliability [8-15].

The designated sections were verified for the first and second
limit states, as well as for local stability along the truss based on
the verification calculations results (Fig. 2-4).

The maximum utilization coefficient of steel sections for the first
limit state is 0.544 (k, = 0.544 < k" = 1). The maximum utilization
coefficient of steel sections for the 2nd limit state is 0.550
(k, = 0.550 < k,™ = 1). The maximum utilization coefficient of steel
sections for local stability is 0.702 (k, = 0.702 < k™ = 1).

Calculation results confirm that the design cross-sections en-
sure required strength, stiffness, and stability of structures under

8 CP 16.13330.2017. Steel structures.
7 CP 20.13330.2016. Loads and actions.
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Calculation by RSU.SP_1(SP 16.13330.2017
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Fig. 2. Result of checking the assigned sections for the 1st limit state in the truss
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Fig. 3. Result of checking the assigned sections for the 2nd limit state in the truss
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Mosaic of the results of checking the assigned sections for local stability

Fig. 4. Result of checking the assigned sections for local stability along the truss

design loads, thereby guaranteeing operational reliability of the buil-
ding roof.

A seismoacoustic pile survey was also conducted to determine
the pile emplacement depth. A pile extensiometer (IDS-1) was used
to accomplish this task. 30 measurements were taken on the three
piles under study at the survey site. The pile 1 length, according to
data processing, was 5.7 m (10 %, method error) based on the pile
survey results. The pile 2 length, according to data processing, was
5.9 m (+10 %, method error). The pile 3 length, according to data
processing, was 5.6 m (+10 %, method error).

Additionally, as part of the technical inspection in the cultural
heritage object, the wooden dome roof structures mycological ex-
amination was performed to detect infestation by biodegradable fungi
(biological damage) and to determine the damage possible causes.
Specimens were collected nondestructively. Material fragments were
taken from sites of natural failure or via surface mycological methods
that preserve structural integrity. Specimens went into sterile contain-
ers. Specimens from the building's wooden supporting roof structures
were examined using cultural and morphological methods. Localized
areas of the wooden structures biodeterioration, in the form of small

foci of rot at leak sites, were discovered on the inspected rafter sys-
tem. Overall, the structures condition is acceptable: the wood is
strong, the protective coating is functioning properly, and the struc-
tures exhibit only minor superficial biodeterioration. The building's
wooden structures biodeterioration is assessed according to CP
28.13330.20178 as grade |, with localized areas of grade II-IIl dam-
age requiring replacement or replacement. All preserved structures
must undergo comprehensive antiseptic treatment.

The soil survey results. The soils assessment underlying
the footing of the building's foundations was conducted based on
the eighteen test pits results. The pits excavation was carried out
from the basement level to a depth of approximately 0.5 m below
the existing foundations footing. Soil specimens were collected be-
neath the foundation footings during the excavation and subjected
to laboratory analysis in a stationary soil laboratory. Specimens
were collected using sampling rings. It was determined that the im-
mediate foundation soil for the building is a heavy, stiff loam con-
taining plant residues based on the laboratory test results and

& CP 28.13330.2017. Protection against corrosion of construction.
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an archival data analysis. The design bearing capacity of the foun-
dation soils, Ry, for the existing foundation structure was calculated
in accordance with formula 5.7 from CP 22.13330.2016°.

This work presents results for strength and deformation charac-
teristics of soil sampled during pit 3 excavation. Sampling interval
is 1.35-1.55 m. Soil structure is not disturbed. Specimens are at
natural moisture. Soil: heavy silty clay, stiff plastic with medium-
deformed plant residue inclusions. Ring height is 25 mm (compres-
sion), 35 mm (shear). Ring diameter is 87.5 mm (compression),
72 mm (shear) per GOST 12248.1-2020'°. The oedometric defor-
mation modulus £ 4.9 59 1S 9.09 MPa. The compressive deforma-
tion modulus E 1.9 o0 iS 5.45 MPa. The deformation modulus taking
into account M.y Eq 10-0.20 IS 13.2 MPa. The internal friction angle is
14.57°. The cohesion is 0.025 MPa.

The building foundation survey results. A lack of waterproofing
material for the foundation structures was revealed during the foun-
dations and base soils inspection.

Wall survey results. Basement walls, plinth, and exterior finish-
es, violations of masonry technology were identified, including
missing bond, substandard joint sizes, mixed masonry (using ce-
ramic and sand-lime bricks), and using bricks of varying strengths.
Additionally, sections were identified where window and door open-
ings have been narrowed or filled with masonry of various materials,
use of irregular bricks and broken bricks, presence of decommis-
sioned engineering communications embedded within wall thick-
nesses, areas with blocked niches and technological channels in-
tended for pipe and utility passage, weathering of mortar joints in
the masonry walls; localized damage to brickwork, patches of “cha-
otic” brickwork appearance, and numerous signs of water leakage
on the wall surfaces were discovered. The finishing structures lay-
ers were dismantled.

The columns survey results. Chips in the protective layer of con-
crete, local exposure of longitudinal and transverse reinforcement,
damage or absence of the concrete protective layer, transverse and
longitudinal reinforcement corrosion, non-vibrated sections of mono-
lithic structures, potholes and cavities on the concrete structures
were found.

Floor slabs survey results. Water leakage traces on the slab sur-
faces, deterioration areas in the concrete slabs protective layer with
reinforcing bars exposure, the slab reinforcement corrosion, local-
ized damage to the protective concrete layer on the 1st, 2nd, and
3rd floors slabs, localized loss of the protective concrete cover with
exposure and reinforcement bars surface corrosion in the basement
slab, unplanned technological openings for utilities made during
the building’s operation, including openings created by breaking
through structural elements, which compromised the concrete slabs
reinforcement, non-vibrated areas in the monolithic slab structures,
the protective concrete layer of monolithic reinforced concrete
beams localized destruction, water leakage, and non-vibrated
zones in the monolithic beam structures were identified as a floor
slab and roof structures survey result. Taking into account that no
significant defects or damage affecting the floors and roof load-
bearing capacity were detected, the floors and roof load-bearing
capacity is sufficient to withstand the actual loads.

Roof and roofing inspection results. The roof and covering struc-
tures survey revealed water leaks from the roof onto the covering,
technological openings for utilities (ventilation) made during building
operation — including openings created by perforating structures

9 CP 22.13330.2016. Soil bases of buildings and structures.

10 GOST 12248.1-2020. Soils. Determination of strength parameters by shear
strength testing.

that compromised reinforcement in concrete slabs — damage to
double joists between slabs due to natural wear, leaks including rot,
lack of fire and bio protection for wood, compacted slag not meeting
current thermal protection standards, mechanical damage to mono-
lithic reinforced concrete beams, chips, exposed reinforcing bars,
localized deterioration of the concrete protective layer on monolithic
reinforced concrete beams, surface corrosion of reinforcement in
monolithic beams, leakage traces, non-vibrated areas or formwork
marks on monolithic structures, absence of fire and bio protection on
wooden structures, damage to wooden elements from moisture and
roof leaks (humidity, rot), missing components in wooden truss struc-
tures, peeling or missing paint on metal structures, localized surface
corrosion at joints, localized missing bolts in connections, destruc-
tion of the upper layers of roll roofing (cracking, warping), clogged
drainage funnels, areas of biological damage on the roofing, blisters
and pimples in the roll roofing, localized roof leaks, deformation,
mechanical damage, corrosion, and loosening of metal sheet fasten-
ings on the dome roof. The drainage system’s condition is unsatis-
factory, with mechanical damage and surface corrosion on protec-
tive caps of drainage funnels. Water inlets are in poor condition due
to deformation, surface corrosion, and clogging.

Fig. 5 shows the general view of the first-floor premises, the floor
slabs and beams with repaired concrete protective layers, and column
strengthening via injection grouting. Fig. 6 illustrates the dome on

Fig. 6. The general view of the dome on a wooden frame locat-
ed on the first floor
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Fig. 7. The masonry mortar weathering, local damage to the brick-
work of the walls on the first floor

Fig. 8. Deformation, mechanical damages, corrosion, reduced
tightness of metal sheet seam fasteners on the building’s dome
roofing

a wooden frame in the first-floor premises, including concrete deterio-
ration with exposed and corroded reinforcement mesh. Fig. 7 docu-
ments mortar weathering, localized brick masonry damage in the walls
of the first-floor premises, and wall strengthening through injection
grouting. Fig. 8 reveals deformation, mechanical damage, corrosion,
and loose fastening of metal roofing sheets on the dome roof.

Following a comprehensive survey, the structural elements tech-
nical condition in the building classified as a regional cultural heri-
tage site was evaluated. It included the following types of work: de-
tailed visual examination of all structural components with visible
defects and damages identification, test pits excavation at key points
to assess the foundations and soil condition, performing exploratory
openings of finishing and structural layers to evaluate the actual
state of concealed structural elements, instrumental measurements
of geometric parameters and deformations in load-bearing struc-
tures, materials sampling for laboratory testing to determine their
physical and mechanical properties, and the load-bearing capacity
calculations considering identified defects, actual material proper-
ties, and applicable regulatory requirements — exhaustive data on
the current technical condition were obtained.

The building's foundations, columns, walls, floor and roof struc-
tures, balconies and loggias, staircases, and timber and window
assemblies are in working condition and capable of supporting ex-
isting loads. The identified defects and damage were the building's
long service life result. There is no information on major repairs.

Thus, the survey conducted allowed to objectively assess
the technical condition of the cultural heritage building, identify
critical defects, and determine measures necessary for its preser-
vation and further operation in accordance with regulatory require-
ments. Comprehensive technical survey using state-of-the-art tech-
nologies and standardized methods provide the basis for informed
decision-making in preserving cultural heritage objects in interna-
tional practice.
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NHXeHepHO-TeXHUYeCKoe obcnenoBaHue
CTPOUTEJIbHbIX KOHCTPYKLUM B NPOEKTEe
pectaBpauum U npucnocooéneHus

ANs COBPEMEHHOro UCMNoJsib30BaHUSA
o6bekTa Ky/ibTYpPHOro Hacnegus

B ctaTtbe npenctaeneHbl pe3ynbraTtbl UHXEeHEePHO-TEXHNYECKOro
o6crnefoBaHns CTPOUTENbHBIX KOHCTPYKLIMI B NPOEKTE pecTaBs-
paumn 1 npucnocobneHnsa ans CoOBPeMEeHHOro UCMonb30BaHus
06beKTa KynbTypHOro Hacnepus. Llenbio gaHHoro mccnepo-
BaHUs fBNseTca paspaboTka M BHeQpPEeHUe UHTEerpupoBaHHOWM
MeTOANKN ONAarHOCTUKN TEXHUYECKOro COCTOAHUA CTPOUTESIb-
HbIX KOHCTPYKLMIA C Y4E€TOM creundurkm o6bekTa KynbTypHOro
Hacnepgms, a Takxe 060CHOBaHME MEPOMPUATUIA MO YCUNEHWNIO
1 pecTaBpauun, HanpaBeHHbIX Ha NPOASIEHNE PECYPCHOro Mno-
TeHumana v agantaunio 06bekTa K COBPEeMEHHOMY (PYHKLMO-
HanbHOMY HasHadeHuto. B xone o6cnefoBaHus n3yyeHa UCXOA-
HO-paspeLumnTenibHas AOKYMeHTaums no o6beKkTy o6cnefoBaHus
1 cocTaBfieHa nporpaMmma npoBefeHus obcneposaHmns. Ycra-
HOBJ1EHbI O6'beMHO-I'IJ'IaHVIpOBO‘-|HbIe peLwleHna 3gaHuna, onpene-
JIEHO KOHCTPYKTUBHOE MCMOSIHEHNE HECYLUMX SMIEMEHTOB 3Aa-
HUA. BbINONHEHbI 06Mepbl CTPOUTENbHbBIX KOHCTPYKLMIA 3aaHus,
0hopMIIEHbI MNAaHbl 3TaXen, acafbl, XxapakTepHble paspesbl.
[MpoBepeH peTanbHbIi OCMOTP HECYLUMX KOHCTPYKLUUIA 3[aHUA
C BbISIBIIEHNEM UX KOHCTPYKTUBHbLIX OCO6EHHOCTEN. BbinonHeHa
doTodmKcaLmsa ANEMEHTOB KOHCTPYKUMIA 3aaHuns. OnpegeneHo
TEXHUYECKOEe COCTOSIHME HECYLUMX U OrpaXKAatoLLMX KOHCTPYK-
unn 3ganHms. CocTaBneHo TEXHMYECKOe 3aKoveHne no UTo-
ram o6cneposanus. Npu o6¢cnefoBaHMN NCNONb30BANIUCH BU3Y-
anbHbIA 1 BU3yaslbHO-MHCTPYMEHTaNbHbIA MeToAbl. BudyansHo
BbISIBNANNCH BUAMMbIE AedeKTbl CTPONTENbHbIX KOHCTPYKLNIA:
TpeLUmHbI, AedopMaLmmn, CMELLEHNS HECYLLIMX IEMEHTOB OTHO-
CUTENIbHO NPOEKTHBIX MONIOXEHWM 1 apyroe. BuayanbHo-uHCTpY-
MEHTasbHbIM/ METOAaMMN YTOYHANNCE FeoMeTpuYeckme pas-
Mepbl CTPOUTENbHBIX KOHCTPYKLUMIA U OTAENbHbIX 3/IEMEHTOB,
ncenepoBanvcb akTnieckne U3nKo-MmexaHn4yeckme xapak-
TEPUCTUKM MaTepuanoB KOHCTPYKUUIA 3aaHus. o pesynsratam
KOMMJIEKCHOIO UHXEHEePHO-TEXHUYECKOro 06CcnefoBaHus, Ha-
TYPHBIX 1 1a6opaTOPHbIX UCCNEAOBaHNI, MOBEPO4HbLIX PACHETOB
N N3YYeHWs apXMBHbIX MaTepuanos onpeaenseTcs TeXHN4eckoe
COCTOsIHME 34aHus, cchopMynMpoBaHbl BbIBOAbI O €ro fanbHen-
Len akcnayaTauun. BeinonHeHbl NOBEPOYHbIE pacyeTbl MeTar-
IMHECKOW hepMbl MOKPLITUA 30aHUSA, ONpefeneHbl BepTuKanb-
Hble nepemMeLlleHuns n yeunua N B depme, BbINoHEHA NpoBepKa
Ha3Ha4eHHbIX CEYEeHWI Mo NEPBOMY 1 BTOPOMY MpPeAenbHbIM CO-
CTOSIHWUSAAIM, MECTHOW YCTOMYMBOCTU MO chepMe. Takxe 6bISo Bbl-
NOoSIHEHO o6CcnefoBaHNe METOAOM CENCMOaKyCTUYECKOro 30HAN-
poBaHMs CBaW C Lefblo ONpeaeneHns rny6uHbl X 3anoXeHus.
Kpome Toro, B paMKkax TeXHM4eckoro obcnefoBaHns obbekTa
KYNbTYPHOrO Hacnepus 6bis0 BbIMOSIHEHO MUKONOrMYeCcKoe 1c-
cnefoBaHve AepeBsAHHbIX KOHCTPYKLUMUA KpbILUW 30aHUS KYNOnb-
HOro TVMa Ha NpegMeT 3apaxeHus rpubamn-6MogecTpykTopamm
(mopaxkeHns 6MoNOrM4ecKoro xapakrepa), ycTaHoOBNEHNE BO3-
MOXHbIX MPUYMH NOopaxeHusi. Bbinu nccnegosaHbl NPo6bl € Ae-
PEBAHHBIX HECYLLIMX KOHCTPYKLMI KPbILLUW 30AHUSA KYNbTypasibHbl-
MU 1 MOPCHONOrM4eCcCKUMHU MeTogamu.

KnroueBble cy10Ba: KOMIIIEKCHOE MHXEHEPHO-TEXHUYECKOoe 06-
criefgoBaHne, 06bEKT KYJIbTYPHOro Hacneausl, PEKOHCTPYKLMS,
cevicMoaKyCcTU4ecKoe 30HAUPOBaHNE, MUKOIIOrMYECKoe 1ccre-
JoBaHue, MoBePOYHbIe PacyeThl, OLeHKa MPOYHOCTU
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Organizational and technological solutions
for installing polymer membrane roofs
in subzero temperature conditions

In conditions of sharp cold spells, typical for Arctic and similar regions, the installation of roofing requires the use
of special materials and technologies capable of maintaining their operational properties at sub-zero tempera-
tures. This paper examines organizational and technological solutions related to the use of polymer membrane
roofing systems, including PVC (polyvinyl chloride), TPO (thermoplastic polyolefin), and EPDM (ethylene propyl-
ene diene monomer) membranes. A comprehensive analysis is provided of the physical and mechanical proper-
ties of these materials, with emphasis on their frost resistance, elasticity, long-term watertightness, and durability
under mechanical stress. Special attention is paid to the practical aspects of installation during the winter season,
including weld temperature ranges, base surface preparation, storage and transportation conditions, and meas-
ures for ensuring installation quality under strong winds, precipitation, and limited daylight hours. The article iden-
tifies key challenges encountered during cold-climate roofing operations, such as reduced seam strength due to
temperature deviations, increased defect rates from poorly prepared substrates, logistical complexities, and la-
bor shortages. Technological procedures and process maps are presented that help mitigate these risks, includ-
ing preheating methods, use of protective coverings, precise control of welding equipment settings, and target-
ed worker training. The article emphasizes the importance of an integrated approach to project design, logistics,
and work organization to ensure the high reliability and long-term performance of polymer roofing membranes
in freezing climates. The study concludes with a rationale for optimal solutions that align material properties with
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nder the sharply continental climate of Sibe-
U ria, characterized by prolonged frost periods,

significant temperature fluctuations, and in-
tense wind loads, the installation and operation of
polymer roofing membranes require a reassessment
of both design solutions and organizational and
technological approaches. When calculating struc-
tural joints, it is necessary to consider substantial
temperature variations ranging from —40 °C in winter
to +30 °C in summer, which cause thermal expan-
sion and contraction of the membrane, leading to
stress concentrations at fastening points and weld-
ed seams [1]. An analysis of damage observed at
specific facilities in Novosibirsk, Tomsk, and Krasno-
yarsk indicates that the most vulnerable zones re-
main junctions with parapets, pipes, and expansion
joints, where violations of seam welding technology
or inadequate sealing layers result in delamination,
cracking, and detachment of the membrane. Roof-
ing installation technology under cold-weather con-
ditions requires strict control of temperature regimes
during storage, transportation, and installation of roll
materials: at temperatures below —15 °C, flexibility
deteriorates, brittleness increases, and tensile
strength decreases. Construction practice shows
that improper adaptation of technology to weather
conditions leads to loss of membrane watertightness
already within the first years of operation. All of this
forms the task of developing adaptive roofing instal-
lation technologies that include temperature-inde-
pendent materials, modified seam welding methods,
and a technical quality control system adapted to
the conditions of Siberia and the Far North.

Polymer membrane roofing systems, especially
those based on ethylene-propylene-diene rubber
(EPDM), thermoplastic polyolefins (TPO), and poly-
vinyl chloride (PVC), are distinguished by a combi-
nation of high strength, durability, and installation
efficiency [2]. EPDM membranes, manufactured as
roll materials with a thickness ranging from 1.1 to
1.5 mm, demonstrate resistance to ultraviolet radia-
tion and ozone, withstand temperature fluctuations
from —40 to +120 °C, and have a service life reach-
ing 30-35 years. TPO membranes are character-
ized by high reflectivity, which reduces thermal
loads on the roof, and exhibit excellent resistance to
ultraviolet aging [3, 4]. Standardized tests confirm
welded seam strength of up to 500 N/50 mm. Instal-
lation of such roofing systems is possible at negative
temperatures (down to —10 °C) using hot-air welding
and special freeze-resistant sealants [5]. Modern
polymer membranes have a mass of 1.2-1.5 kg/m?,
which reduces loads on load-bearing structures
and simplifies installation. In addition to high instal-
lation rates (up to 600 m? per shift), these roofing
systems demonstrate a low water absorption coef-
ficient (less than 0.1 %), resistance to chemical sub-
stances, and resistance to biological degradation.
In practice, this leads to reduced operating costs
and an extended maintenance interval. Compre-
hensive studies confirm that the use of membrane
systems makes it possible to achieve energy effi-
ciency, minimize heat losses, and adapt roofing
structures to severe climatic conditions. Laboratory
aging data for PVC membranes also indicate [6]
that at a temperature of —20 °C, after 100 cooling-
heating cycles, up to 12 % of welded joint strength
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Fig. 1. Compositions of the main types of polymer membranes: PVC, TPO, EPDM [2—-6]

is lost, and visual inspection reveals initial signs of microcracking
at junction areas. The tests also showed that membranes based on
thermoplastic polyolefins exhibit better shape stability at negative
temperatures, whereas reinforced PVC membranes retain higher
tensile strength (Fig. 1).

Problems arising during the installation and operation of roll and
polymer roofing systems reflect systemic deficiencies at all stages,
from design to quality control. The study establishes that up to 60 %
of roll roofing systems in operation in Russia are in unsatisfactory
condition, while more than 40 % of defects are caused by loss of
watertightness and leaks [7]. The greatest difficulties occur in
regions with negative temperatures: moisture penetrating into
the structure freezes, increases in volume, and disrupts the integrity
of the roofing system. In winter conditions of the Far North, frozen
thermal insulation loses its thermal performance, and the roofing

system is subjected to microcracking due to thermal contraction.
With the onset of the warm period, a vapor pressure effect develops;
it has been recorded that when moist insulation is heated, the partial
pressure can reach 0.2-10% Pa, which provokes blistering and de-
lamination of roll materials. The key technological violations identi-
fied include installation of membranes on a wet substrate, improper
detailing of junctions, non-compliance with the required thickness of
the roofing assembly, incorrect temperature conditions during mas-
tic application, and the absence of basic quality control measures.
An additional risk factor is the low qualification level of contractors:
roofing crews often lack the skills to work with modern PVC or TPO
membranes, fail to ensure proper seam welding, and perform in-
stallation at inadmissible temperatures below —10 °C. A significant
issue is also associated with the regulatory framework, as technical
regulations have not been updated for decades and do not contain
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Fig. 2. Organizational and technological reliability of the roofing system [7]

requirements for the use of innovative roofing materials. As a result,
contractors rely on internal guidelines provided by suppliers, which
do not always account for the actual operating conditions in cold
climate regions [8].

Polymer membrane roofing systems are increasingly used in
construction due to their high technological efficiency, durability,
and resistance to aggressive climatic impacts (Fig. 2). In cold re-
gions, particular value is placed on the ability of PVC membranes
to retain their physical and mechanical properties at low tempera-
tures. The material thickness typically ranges from 1.2 to 2 mm,
while the mass does not exceed 1.5 kg/m?, which simplifies trans-
portation and installation [9]. The membranes are reinforced with
fiberglass, which increases their tensile strength. When installing
roofing systems in northern regions, three main methods of mem-
brane fastening are used: mechanical, adhesive, and ballasted.
The mechanical method is considered the most versatile, as it can
be applied at subzero temperatures and does not require the use of
expensive adhesive compounds, the operation of which is limited to
temperatures above +5 °C. In addition, membrane welding
performed using automatic and semi-automatic equipment employs
hot air at temperatures of up to 600 °C, making it possible to achieve
a strong welded joint with a width of at least 35 mm without the risk
of loss of watertightness.

Experience in the use of polymer membranes for flat roofs of
residential buildings demonstrates high efficiency both in new con-
struction and in reconstruction projects (Table 1). Membrane roof-
ing systems form a continuous waterproof layer with high frost

resistance, maintaining elasticity even at temperatures below
—-30 °C [10]. Depending on the structural characteristics of buildings
and operational requirements, an inverted roofing system may be
used, in which the waterproofing layer is protected by thermal
insulation. This approach is especially important in severe climatic
zones, where the membrane is additionally covered by insulation
layers and a finishing surface (tiles, gravel), reducing the risk of
mechanical damage. At the same time, ensuring the required
reliability necessitates compliance with a minimum roof slope of 1
to 3 % to drain atmospheric precipitation, which is particularly criti-
cal under conditions of heavy snowfall. Design calculations assume
that during intense precipitation up to 5 | of water per minute may
fall on 1 m? of roof surface, which for an area of 500 m? corresponds
to a load of 2.5 tons of water requiring efficient drainage through
roof drains and stormwater systems. Under these conditions, the
membrane must withstand repeated freeze-thaw cycles and expo-
sure to ultraviolet radiation, which is achieved through the use of
stabilizers and reinforcing layers.

A comparative analysis of roofing installation options shows that
under climatic conditions with sharp temperature fluctuations,
the highest efficiency is demonstrated by membrane systems in-
stalled using a mechanical fastening scheme with telescopic fas-
teners and automated welding [11]. Particular attention is paid to
quality control of welded joints, including seam width, tightness,
and the absence of overheated zones or lack of fusion, which are
verified visually and by instrumental methods. Personnel training is
also critically important: technological violations such as dragging
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[ 2 Table 1. Characteristics and technological requirements for the installation of polymer membrane roofing systems

Characteristic Description

Membranes exhibit pronounced flexibility, allowing them to compensate for temperature fluctuations and maintain the con-

Flexibilit lasticit
exibility and elasticity tinuity of the roofing layer under deformation

Special additives in the membrane composition prevent degradation caused by solar radiation, thereby extending the service

Resistance to ultraviolet radiation ) '
life of the roofing system

When all installation requirements are met, the service life of membranes can range from 25 to 30 years; however, violations

Durabilit
urabiiity of installation technology significantly reduce this indicator

The base surface must be clean, even, and free from sharp inclusions, as any defects may cause membrane damage and ac-

Substrate preparation
prep celerated wear

Installation of membranes using anchors or self-tapping fasteners compensates for thermal movements and is well suited

Mechanical fastening for pitched roofing systems

The use of adhesive mastics allows sealing of complex areas but requires strict compliance with temperature conditions and

Adhesi thod
esive metho thorough preparation of the substrate

Loose laying of the membrane followed by ballast loading using gravel or paving slabs is suitable for roofs with slopes up to

Ballasted meth
allasted method 10°, but it creates additional structural load

Membrane sheets are joined using hot air, either manually or automatically. Welding parameters are selected individually de-

Hot-air welding

pending on membrane type and weather conditions. Quality control includes visual inspection and strength testing

Consideration of climatic conditions

For severe winter conditions, frost-resistant materials are used, with particular attention paid to the strength of welded seams
and reliability of fastenings under wind and snow loads

Compliance with safety requirements

When performing work involving hot air or adhesives, proper ventilation, use of personal protective equipment, and strict ad-
herence to recommended temperature regimes are required

Importance of weld seam quality

Deviations in temperature parameters or improper welding speed may lead to incomplete fusion, overheating, or weakening
of the joint, making the seam vulnerable to damage

Installation at negative temperatures

Laying membranes without preheating at temperatures < 0 °C leads to loss of elasticity and crack formation. It is
recommended to preheat the material to a temperature not lower than —10 °C prior to installation

membrane rolls across the surface, failure to clean edges before
welding, or installation of engineering systems without compliance
with insulation requirements may lead to leaks and a reduction
in the service life of the roofing system. To prevent these issues,
the use of regulated quality control procedures is recommended,
including seam probes, as well as maintaining a log of acceptance
of concealed works. When these requirements are met, the service
life of membrane roofs in cold climates can reach 40-50 years with-
out the need for major repairs, provided timely maintenance and
proper operation are ensured.

In the conditions of the Far North, the installation of polymer
membrane roofing systems requires special organizational and
technological solutions that take into account both low tempera-
tures and high wind loads. Within one technical solution, a flat non-
accessible roof system using a bitumen-polymer membrane with
athickness of 1.5 mm was analyzed'. Thermal insulation consisted of
two layers of mineral wool boards with densities of 160 and 80 kg/m?,
respectively, providing a heat transfer coefficient of less than
0.16 W/m2°C. A vapor barrier layer based on bitumen-polymer
mastic was applied with heating, which allowed adhesion to be
maintained at temperatures down to —15 °C. Installation was carried
out mechanically using telescopic dowels, while seam welding was
performed by automated hot-air equipment at a controlled
temperature of 500-600 °C, forming a strong welded seam with
a width of 35 mm. Work organization followed the “thermal contour”

' Technological Map for a Flat Roofing System on a Profiled Base with Mineral
Insulation and PVC Membrane. URL: https://nav.tn.ru/cloud/iblock/343/RF_S_PK_TN_
TEKHKARTA_Tekhnologicheskaya_karta_na_dvukhsloynuyu_krovlyu_iz_naplavyalemykh_
iz_RBM.pdf

principle: installation of insulation and membrane was performed in
sections not exceeding 100 m? per day, with immediate completion
of all layers to prevent precipitation ingress and freezing. It was not-
ed that when these technological parameters are observed, the sys-
tem maintains tightness and thermal performance even under winter
operating conditions with temperatures down to =35 °C and wind
loads up to 1.2 kPa. Special attention was given to personnel train-
ing: welders underwent preliminary certification, and quality control
was carried out using vacuum testing devices and visual inspection
of welded seams.

In another roofing installation technology based on PVC mem-
branes (Fig. 3) adapted to low-temperature conditions, the process
included rolling out the sheets, mechanical fastening along the pe-
rimeter and overlap zones, and hot-air welding using automated
equipment?. The optimal welding temperature was 520-560 °C,
with a feed speed of 2.5-3.5 m/min, resulting in a seam width of
35-40 mm. It was noted that to achieve effective seams under sub-
zero temperatures, installation must be performed with preheating
of the joint area and preliminary drying of the substrate. In particu-
lar, at a temperature of =10 °C, the heating time must be increased,
and welding must be accompanied by mandatory seam density
control using air pressure testing or manual peel testing. The impor-
tance of adapting work schedules to climatic conditions was also
emphasized: shift duration is limited to 4-5 hours, with mandatory
breaks for technical inspection of equipment and worker warming.
To improve organizational and technological reliability, the use of

2 Technological Map for the Installation of Roofing Systems with Polymeric Mem-
branes and Mechanical Fastening on a Reinforced Concrete Base. URL: https://isoroc.ru/
sites/default/files/2024-02/
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Fig. 3. Layout of workplace organization during the installation of PVC membrane roofing

mobile thermal shelters and temporary heated enclosures at
the joints of installation sections was proposed, allowing stable tem-
perature conditions to be maintained and preventing uneven qual-
ity of welded joints.

In the considered roofing installation technology using a poly-
mer EPDM membrane, particular attention is paid to ensuring high-
quality installation under subzero temperature conditions®. In harsh
climatic environments, especially at temperatures below —10 °C, one
of the key solutions is the use of membranes with internal reinforce-
ment made of a polyester mesh, which provides high resistance to
tensile loads up to 850 N/50 mm. Installation is carried out over min-
eral wool insulation with a low thermal conductivity coefficient
(A <£0.038 W/m-K), which makes it possible to reduce heat losses
through the roofing assembly. The membrane is fixed mechanically
using telescopic fasteners with a spacing of no more than 200 mm
along the perimeter and 300 mm in the field area, which is particu-
larly critical under wind loads typical of northern regions. Seams are
welded with hot air at a temperature of 500-600 °C, with mandatory
quality control of the welded joint performed visually (uniform dark
line) and using a test probe. At the work organization stage, strict
temperature regulation is an essential requirement: membrane rolls
must be stored in a heated space for at least 12 hours at a tempera-
ture not lower than +10 °C before installation, and welding is carried
out with adjustments based on a temperature chart that defines
welding parameters depending on ambient temperature. In addition,
a multi-stage quality control system is implemented, including verifi-
cation of substrate preparation, weather conditions, welding quality,
and compliance with fastening technology. The application of this
technology significantly reduces the risk of installation defects and
extends the service life of the roofing system to up to 30 years, even
under extreme climatic conditions.

Under subzero temperature conditions, reliable installation of
roofing systems using polymer membranes requires a special ap-
proach to organizational and technological solutions (Table 2). One
such solution is the application of mechanically fastened TPO

3 Installation Manual for EPDM Membrane. URL: https://construction-engineer.ru/wp-
content/uploads/2021/07/ NHcTpykums-no-moHTaxy-3MAM-EPDM-mem6paHsl.pdf

membranes followed by hot-air welding of seams*. To ensure coat-
ing strength at low temperatures down to —25 °C, the use of equip-
ment with automatic control of temperature, feed speed, and weld-
ing pressure becomes a critical requirement, as it prevents the for-
mation of defective seams. The document indicates that the optimal
welding temperature range is from +480 to +540 °C at a speed of
2.5-3.5 m/min. Installation is carried out using a sectional laying
technique, where membranes are rolled out and temporarily fixed,
after which seams with a width of 30-35 mm is welded. To ensure
roof tightness under Far North conditions, the mandatory use of
a vapor barrier layer (for example, bitumen-impregnated fiberglass
mat) and thermal insulation with a thermal conductivity coefficient
not exceeding 0.033 W/(m-°C), arranged in two layers, is required.
The membrane is fastened to the base through all layers of the roof-
ing assembly using telescopic fasteners installed at a spacing of no
more than 300 mm along the perimeter and 500 mm in the central
zone of the membrane sheet. Special attention is given to sealing
junctions, corners, and roof drains, where an additional reinforced
tape is used and welded along the perimeter of the connections.
Quality control is performed using peel tests and visual inspection
of welded seams. The necessity of strict compliance with tempera-
ture requirements for storage and transportation of materials (not
lower than +5 °C) is emphasized, as well as mandatory preheating
of membrane rolls in an insulated module prior to installation.

The reviewed materials and technologies for installing polymer
membrane roofing systems have shown that their performance un-
der subzero temperature conditions is largely determined not only
by the properties of the materials themselves, but also by well-
structured organizational and technological solutions. Successful
application is possible only through an integrated approach that
includes adaptation of installation technologies to climatic condi-
tions, strict quality control of works, preliminary preparation of sub-
strates, and compliance with temperature regimes at all stages.
The identified problems, including a shortage of qualified personnel
and an underdeveloped regulatory framework, limit the possibilities

# Installation Instructions for TPO Roll Waterproofing Membranes from Sika. URL: https:/
construction-engineer.ru/wp-content/uploads/2021/03/VIHCTpyKLMS-NO-yKNafKe-PpynoHHOM-rMapo-
30n5unK-n3-TMNO-membpaH-oT-komnaHumn-Sika.pdf
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[ 2 Table 2. Composition of operations and control procedures for polymer membrane roofing systems

Work Stage

Inspection of welding equip- | Equipment must be technically sound and en- | Visual inspection and functional check of the equip- | Equipment operability, heating
ment before work start sure stable welding temperature and speed ment prior to commencement of work stability

Requirements for Parameters Method and Scope of Inspection Controlled Indicators

Visual inspection of the wel- | The seam must be even, without pores, swell- | After completion of welding, a visual inspection of | Integrity and external appear-
ded seam ing, folds, burn-throughs, or delamination the seam condition is carried out ance of the welded joint
After complete cooling, the seam must not de-

laminate; in case of rupture, the material should
tear outside the seam

Manual non-destructive seam
test

The seam is manually gripped and sharply stretched | Uniformity of the joint, ab-
to assess adhesion strength sence of delamination

The rupture location must occur in the base | The seam is torn manually or using tools, and joint | Strength and reliability of

Tensile strength test ) )
g membrane, not along the seam line strength is recorded the welded seam

Control of the applied weld The deposited material bead must have uni- | During welding, visual inspection of bead shape and | Uniformity and correct geom-
bead form thickness without excess or deficiency uniformity is performed etry of the deposited layer

Airtightness check of the wel-
ded seam

The seam must be completely airtight, prevent- | Pressurized air is supplied into the welding channel
ing air penetration using a compressor, followed by pressure testing

A foaming solution is applied, and a vacuum bell is | Presence or absence of leaks
used to detect defects by bubble formation in the welded joint

Airtightness of the seam

Vacuum leak test No air leaks should be detected in the seam

for widespread and reliable use of modern membrane roofing sys-
tems in northern regions. At the same time, the potential of such
systems remains high, and further research and development
should focus on improving installation technologies, quality control
tools, and methods for adapting roofing solutions to extreme cli-
matic conditions.
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OpraHu3aunoHHO-TeXHoNorn4eckmne
peLueHusi No YCTPOUCTBY KPOBeJb

M3 NOJIMMEpPHbIX MEMOPaAH B YCJ/IOBUSAX
oTpuuaTesibHbIX Temnepartyp

B ycnosusix pe3koro noxonofaHvs, XxapakTepHoro Ans apkrmuye-
CKWUX 1 NPVPaBHEHHBIX K HM PErMoHOB, YCTPOMCTBO KPOBESb-
HbIX NOKPbLITUIN TpebyeT NpUMEHEeHUs 0CcobbiXx MaTepuanos u
TEXHOJIOMUI, CNOCOBHBIX COXPaHATb 3KCMyaTauMOHHbIE CBOW-
cTBa Npv oTpuuaTtenbHbIX TemnepaTtypax. B ctatbe paccma-
TPUBAIOTCA OPraHN3aLMOHHO-TEXHONOrNYECKNE PEeLLEHWS, CBSA-
3aHHble C NMPUMEHEHNEM MONMMEPHbLIX MEMOPaHHbIX KPOBESb,
BKJItOHas cuctembl Ha ocHoBe MBX (monuBuHunxnopug), TMO
(TepmonnactuyHble oneduHsl) n SMAM (3TuneH-nponunex-
OveH-MoHoMmep). MpoBegeH BCECTOPOHHWUIA aHann3 CBOMCTB U

XapakTepuCTUK 3TUX Matepuanos, C aKLEHTOM Ha UX YCTOMYM-
BOCTb K MOPO3aM, 3JJaCTUYHOCTb, CMOCOGHOCTL COXPAHATL rep-
METUYHOCTb U CTOMKOCTb K MEXaHU4eckum Harpyakam. Oco6oe
BHMMaHWe YAeneHo NnpakTUYeckuMm acrekTaM MOHTaxa Kpo-
BEJIbHbIX CUCTEM B 3UMHUI NEPWOS, BKMOYas TeMnepaTypHble
peXuMbl CBapKu LUBOB, 0COGEHHOCTU MOArOTOBKM OCHOBAHWUS,
[OMyCTUMbIE YCIIOBUSA TPAHCMOPTUPOBKM U XPaHEHWS, & TakxXe
MeponpusTUs No o6ecneveHnio CTabubHOCTH YKNagKku B YCIo-
BUSIX CUJIbHOTO BETPA, OCAAKOB M OrpaHWYeHHOl CBETOBOM akK-
TUBHOCTYW. Takxe BbifeneHbl KIo4YeBble NPo6ieMbl, BO3HMKAI0-
LMe Npu peanusaumm Nogo6HbIX paboT: CHUXKEHUE NMPOYHOCTH
COeAVHeHWI Npyu HapyLLUEeHUV TeMNepaTypHOro pexunmMa, pocT
yncna [edeKToB 1U3-3a HEKaYeCTBEHHOM NMOAroTOBKU OCHOBA-
HWsl, TPYOHOCTM B NOTMCTUKE U HEXBAaTKa KBannULUMpPOBaH-
HbIX KagpoB. B cTtatbe npeacTaBneHbl TEXHONOMMYECKME KapTbl
1 NMpUeMmbl, NO3BOSIAOLLME MUHMU3MPOBATL PUCKK B NpoLecce
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MOHTaXa, BKJIo4asi MCNonb3oBaHNE NpeaBapuUTeNbHOro Nporpe-
Ba, NPMMEHEeHVEe TEHTOB U BPEMEHHbIX YKPbITUA, KOHTPOMb Haf
napameTpamu cBapo4HOro 060pyfoBaHus 1 06y4eHne nepcoHa-
na. MNogyepkmBaeTcsi HEOGXOAMMOCTb KOMMJIEKCHOrO nmogxona
K MPOEKTUPOBAHWIO, JIOTUCTUKE U OpraHn3aumn NPoM3BOACTBA
paboT, HanpaBeHHOro Ha ob6ecrneyeHne BbICOKOM HAAEXHOCTU 1
[ONITOBEYHOCTU MOSIMMEPHBIX KPOBESb B YCOBUAX OTpULLATENb-
HbIX TemnepaTyp. B pe3ynstate 060CHOBaHbI ONTUMalbHbIE pe-
LIEeHNs, co4YeTarLlMe CBOMCTBA MaTepuanos M TpeboBaHus
K TEXHOSIOTMN MOHTaxa.

Knrouesbie cnoBa: nonmmepHsie MembpaHsi, lNBX, Tr1O, SINAM,
XONOAHbI  KIMMAT, KPOBEJIbHbIE TEXHOIOrMM, repmeTu3aLms
LUBOB, MEXaHN4YECKOE KpersieHne, cBapka ropsiyMm Bo34yXoM
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of NPP with VVER-1200

The paper is devoted to solving the scientific-practical problem of multi-criteria assessment of alternative organ-
izational forms for the production base (OFPB) for the construction of nuclear power plants with VVER-1200 re-
actor units. A classification of Russian regions into four categories is proposed, depending on the availability and
degree of development of existing production and transport infrastructure and other criteria influencing the deter-
mination of the preferred OFPB. Six alternative organizational forms are formulated, including a comprehensive
production base at the NPP construction site, a large inter-district base, a self-sufficient regional base, a mobile
on-site base, a minimally necessary base oriented towards external supply, as well as repair and modernization
of existing capacities. Each alternative is assessed against a number of criteria: economic, territorial, reliabili-
ty assurance criteria, temporal and organizational criteria. To solve the multi-criteria problem, the globally prov-
en Analytic Hierarchy Process (AHP) method by T. Saaty is applied, including procedures for pairwise compar-
isons of criteria and alternatives with verification of the consistency of expert assessments. Full calculations are
carried out with the determination of local and global priorities for all alternatives. The results of the study demon-
strate that the determination of the preferred organizational form for the production base significantly depends on
regional conditions, including the level of infrastructure development, investment strategy, and long-term plans
for nuclear energy development in the region. The presented methodology can be applied to justify organization-
al and technological decisions at the pre-project stage of constructing new power units for NPP with VVER-1200.
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he construction of nuclear power plants is one
I of the most complex and resource-intensive
types of production activity. The modern ener-
gy strategy of Russia envisions the development of
nuclear energy as a priority direction to ensure
the country's energy security and increase the share
of peaceful nuclear power in the nation's generating
capacity. In accordance with the General Scheme for
the Placement of Electricity Generation Facilities for
the Period up to 2042", the construction of new nucle-
ar capacities of about 29.3 GW is planned on the ter-
ritory of the Russian Federation, including replace-
ment power units at existing sites and completely
new stations in the territories of Siberia, the Urals, and
the Far East.

The core of this development programme con-
sists of power units with Generation Ill+ VVER-1200
reactor units. This reactor type possesses high safe-
ty characteristics, economic efficiency, and has
a unified nature, allowing for the application of stan-
dard design solutions at various construction sites.

The construction of complex multi-unit facilities,
which include nuclear power plants, is based on
the organizational and technological principles of
flow production. The application of the flow construc-
tion method allows for the rationalization of labour
resource use, reduction of overall construction time-
lines for the complex of buildings and structures, and
reduction of work costs [1, 2]. However, the imple-
mentation of the flow method requires the creation of
an adequate production base.

' General plan for the placement of power generation facilities
on the territory of the Russian Federation for the period up to 2042.
Moscow, Ministry of Energy of Russia, 2024. URL: http://government.
ru/docs/53923/ (rus.).

The production base for construction represents
an integrated complex of stationary and temporary
facilities, enterprises, engineering and transport infra-
structure, and logistics systems designed to provide
construction with material and technical resources:
structures, products, semi-finished goods, techno-
logical equipment, etc., performing functions of re-
ceiving, storing, pre-processing, kitting, and supply-
ing resources to the site of construction and installa-
tion works. The purpose of this complex is to create
finished construction products, namely fully prepared
for operation objects of production and non-produc-
tion purposes.

The organizational form of the production base
significantly influences the technical and economic
indicators of the project, and its assessment is
a multi-criteria task, the solution of which requires
analysis of many parameters, including regional
conditions of the construction site, availability of ex-
isting production capacities, investment strategy,
and the need for a multiplier effect in regional eco-
nomic development.

The aim of this study is to formulate and solve
the task of assessing organizational forms for the pro-
duction base for construction of NPP with VVER-1200
using the Analytic Hierarchy Process (AHP).

Determination of the preferred organizational
form of the production base significantly depends
on the regional conditions of construction. Regional
conditions in this work are understood as the avail-
ability and quality of existing production and trans-
port infrastructure, geographical location relative to
centers of raw material and material production,
availability of qualified labour resources, and other
socio-economic criteria.
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The availability of existing production capacities significantly
influences the choice of OFPB. Regions with developed industry
(Ural Federal District, Krasnoyarsk Krai) possess sufficient potential
for localizing production. Remote regions (Far Eastern Federal Dis-
trict) have limited localization potential and often require the devel-
opment of new production capacities or transportation of material
resources over long distances.

Transport accessibility determines the cost of material delivery.
Thus, the availability of railway and water transport significantly re-
duces transportation costs. Territories remote from main transport
arteries require the creation of temporary roads and ports, which
increases capital costs.

Labour resources and the availability of a qualified workforce
with experience in NPP construction influence the choice of con-
struction production technologies. Regions with a shortage of such
labour resources require attracting personnel from other regions or
training and upskilling existing specialists.

Based on the analysis of regional conditions of the Russian
Federation, the following groups of regions can be distinguished.
The first group includes industrially saturated regions of the Euro-
pean part of Russia with well-developed industrial and transport
infrastructure (Leningrad, Voronezh, Smolensk, Rostov, and Kursk
oblasts). The group is characterized by a high concentration of sup-
pliers and a relatively short delivery distance.

The second group is proposed to include resource-self-suffi-
cient regions with a developed industrial cluster (Sverdlovsk, Che-
lyabinsk oblasts).

The third group includes territories with limited transport acces-
sibility (Murmansk Oblast). There is railway and water communica-
tion, but it is overloaded or has a limited navigation period.

The last group includes pioneering development territories (Pri-
morsky Krai, Khabarovsk Krai, Norilsk, Republic of Sakha (Yakutia),
Chukotka Autonomous Okrug), characterized by the absence of
sufficient infrastructure for constructing high-capacity NPP and sig-
nificant remoteness from domestic suppliers.

A comparison of groups of regions where NPP power units are
being built or planned for construction (according to the General
Scheme for the Placement of Electricity Generation Facilities up to
2042)" is provided in Table 1.

Table 1. Comparison of regional groups

In accordance with the analysis of regional conditions, the fol-
lowing alternative organizational forms for the production base for
construction of NPP with VVER-1200 are proposed for consider-
ation:

1. Comprehensive production base at the NPP construction site.
A fully deployed construction base, whose production capacities
allow for the manufacture of the entire range of reinforced concrete
products, the entire quantity of commercial concrete and metal
products, and the storage and processing of all material resources
necessary for the construction process?.

2. Large self-sufficient production base of inter-district, inter-
oblast significance, intended for the construction of a series of
power units or several stations in areas with underdeveloped infra-
structure and significant remoteness from manufacturers of techno-
logical equipment. Such a base covers the construction needs for
materials, products, and structures; long-term storage of the entire
set of incoming equipment is provided on its territory, along with its
inspection, pre-installation preparation, and assembly into larger
units. The use of such a base occurs over 10-12 years, and in some
cases, it is used as a regional base, meeting the needs of NPP
construction at other sites located at a distance from the construc-
tion and installation base. For such bases, it is advisable to design
buildings and structures in a permanent version [3].

3. Self-sufficient production base of district, nodal significance.
This alternative is similar to the previous one but is used within
the needs of an economic administrative district or a node of con-
centrated construction — a single NPP project.

4. Small on-site base in a mobile version. Designed for the con-
struction of one or two NPP power units in an industrially developed
area. Performs limited functions and, as a rule, serves as a comple-
ment to the main method of supplying material resources from large
nodal enterprises capable of meeting most of the construction
needs. An on-site base from a previously built industrial object or
a construction plant intended to meet the needs of mass construc-
tion can be used. The base is equipped with temporary buildings

2 OTPS, VOLUME 10 SECTION 1. Organizational and technological rules for
the construction of nuclear power plants with WWER 1200 reactors : Order of the State
Corporation Rosatom dated December 28, 2022 No. 1/1807-P (rus.).

) - Regions in the group where NPP power units are .
Regional group Group characteristics being built or planned for construction NPP Unit Types
High supplier concentration (average delivery distance Leningrad Oblast (LAES-2) VVER-1200
. gn Supp g y Voronezh Oblast (NAES-2) VIVER-1200, VVER-optim
1. Industrially-saturated <300 km). Developed transport network. Presence of ;
regions an operating NPP and a satellite city with qualified labour Smolensk Oblast (Smolensk NPP-2) VVER-optim
g resoﬁmes g ywing Rostov Oblast (Southern NPP) VVER-optim
Kursk Oblast (Kursk NPP-2) VVER-TOI
rzé Tgi:l:,;icti_ze!’f;s::cznt Regions with powerful metallurgical, cement, and other | Sverdlovsk Oblast (Reftinskaya NPP) RBN
. g ) P industries Chelyabinsk Oblast (South Ural NPP) RBN
industrial cluster
3. Territories wm.\ I.|rln|ted Regions W|th.I|m|ted logistics, predominantly by sea or Murmansk Oblast (Kola NPP-2) VVER-S/600
transport accessibility overloaded railway routes
Absence of infrastructure sufficient for constructing high- | Primorsky Krai (Primorskaya NPP) VVER-1000
4. Pioneering development capacity NPP. Significant remoteness from suppliers (de- | Khabarovsk Krai (Khabarovskaya NPP) VVER-S/600
te.rritories g p livery distance reaches > 5,000 km). Presence of seismic | Krasnoyarsk Krai (Norilsk ASMM) RITM-400
activity and harsh climate. Shortage of specialized person- | Republic of Sakha (Yakutsk ASMM) RITM-200N
nel and material resources Chukotka Autonomous Okrug (Chukotka ASMM) | Shelf-M
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with mobile equipment, designed for multiple uses and rapid relo-
cation. During NPP construction using such a production base,
the organization of material, component, and technological equip-
ment supplies must strictly follow the schedule to avoid construc-
tion delays [3].

5. Minimally necessary on-site base with an orientation towards
external supply of the maximum possible quantity of products.
The mandatory facilities of such a base must include: a concrete
plant for constructing critical structures with a capacity, reinforce-
ment and formwork shop for manufacturing small piece metal prod-
ucts and sites for their assembly into installation fragments, storage
and pre-installation preparation sites for main equipment, sections
for ventilation, anti-corrosion, painting, and insulation works, as well
as a canteen and an administrative and amenity building (AAB)?,

6. Repair and modernization of existing production capacities.
This organizational form, unlike the previous considered alternatives,
does not involve investing capital expenditures in the erection of
new production capacities. All funds are directed towards the repair
and modernization of existing production facilities of inter-district,
inter-oblast, and district, nodal significance located in the construc-
tion region, with subsequent contractual reservation of all or part of
the capacities for the construction of the NPP.

The task of assessing organizational forms of production bases
is multi-criteria, as all alternatives possess advantages and disad-
vantages relative to each other. Solving such a task requires the ap-
plication of mathematical methods that allow synthesizing multiple
criteria into a single assessment of the preference of each alterna-
tive.

The Analytic Hierarchy Process (AHP), developed by Thomas
Saaty [4], is one of the most effective approaches to solving multi-
criteria choice problems. AHP is based on pairwise comparisons of
criteria by importance and alternatives for each criterion, which al-
lows considering subjective expert assessments and overcoming
the problem of incommensurability of different criteria.

Based on the conducted analysis of design-estimate and work-
ing documentation for various NPP projects with VVER-1200, as
well as regulatory and technical documentation, scientific, educa-
tional, and methodological literature® # [5-11], the following assess-
ment criteria are proposed for use:

1. Economic:

e capital costs for creation, repair, or modernization of produc-
tion capacities — one of the key indicators of the economic
feasibility of the assessed OFPB. Minimizing capital costs al-
lows reducing the project's investment requirements;

e Jogistics costs for the supply of material and technical resour-
ces: structures, products, semi-finished goods, technological
equipment, etc. Determined by logistics supply schemes,
transportation distance, cost of transport services, and capital
investments in creating transport infrastructure and transship-
ment points. High logistics costs significantly affect the final
cost of materials;

e risk of cost increase for produced products — the criterion is
associated with inflationary costs, currency fluctuations,
changes in the regulatory framework, and other factors influ-
encing the cost of material and technical resources.

3 Morozenko A.A., Subbotin A.S., Kolchin V.N., Shashkov A.A. Organizational and
technological solutions for the main buildings of thermal power plants and nuclear power
plants : a teaching aid (educational electronic publication). Moscow, Publishing house of
MISI — MGSU, 2019. URL: https://rusneb.ru/catalog/000199_000009_010358433/ (rus).

4 Subbotin A.S., Shashkov A.A., Kuzmin N.Yu., Voronkov I.E. Technology and orga-
nization of construction of buildings and structures of thermal and nuclear power engineer-
ing : a teaching aid (educational electronic publication). Moscow, MISI — MGSU, 2020.
URL: https://rusneb.ru/catalog/000199_000009_010669863/ (rus).

2. Territorial:

e proximity of the production base to the construction site —
influences both logistics costs and the possibility of real qual-
ity control and storage conditions;

e area of alienated territories — the total area of land plots re-
quired for locating the NPP construction production base.

3. Reliability Assurance Criteria:

e supply reliability — characterized by the fault-free normal func-
tioning of the supply chain (under given operating conditions)
considering the influence of the external environment [12];

e quality control of incoming products — determines the pos-
sibility of ensuring that material and technical resources com-
ply with the requirements of design and working documenta-
tion and regulatory documents. A high level of quality control
is critically important for nuclear energy facilities.

4. Temporary:

e timeframes for production capacities to reach the required
productivity level — influence the duration of the preparatory
period and represent the time interval from the decision to
erect, repair, or modernize production capacities until reach-
ing a productivity level capable of covering the NPP's needs
at the construction stage corresponding to the commission-
ing of said capacities;

e risk of schedule disruption (of the Work Production Sched-
ule — WPS) — characterizes the probability of disruption to
the Work Production Schedule (WPS) timeline in case of prob-
lems with the main supply channel for material and technical
resources.

5. Organizational:

e manageability — characterizes the degree of complexity in
managing and coordinating various elements of the produc-
tion base and the necessary costs for managerial personnel
and control systems.

Based on the results of forming various alternative OFPB for
NPP construction with VVER-1200 and selecting assessment crite-
ria, a hierarchical representation of the task was built (Fig. 1).

The further algorithm for solving the task includes the following
steps [15]:

e formation of a table of characteristics for economic, territorial,
reliability, temporal, and organizational criteria K; of alterna-
tives A; for the OFPB for NPP construction with VVER-1200;

e selection of a set N of non-dominated alternatives (Pareto set)
from the general set of alternatives n. All alternatives are pair-
wise compared with each other according to all criteria. If dur-
ing the comparison of any alternatives it turns out that one is
not better than the other in any criterion, then it can be ex-
cluded from consideration. The excluded alternative does not
need to be compared with other alternatives, as it is clearly
unpromising;

e expert assessment of the criteria for choosing a rational OFPB
by degree of importance is performed. The expert fills out
a pairwise comparison matrix of size K x K, where K is
the number of criteria. The rules for filling the matrix are indi-
cated in Table 2.

Intermediate values (2, 4, 6, 8, 1/2, 1/4, 1/6, 1/8) can be used for

assessment;

e processing of assessments using methods of expert analysis
is performed. There are a number of algorithms implementing
the pairwise comparison method: they differ in the number of
expert assessments used (individual and collective
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Goal: to conduct a multi-criteria assessment of alternative forms of
organizing the production base for the construction of NPPs with
VVER-1200, taking into account regional conditions

Capital costs for | | Logistics costs l Timeframes
the creation, repair, | | for the supply | | Risk of cost for production
or modernization of material increase for e - Area of Quiality control | | capacities to reach Risk
of production and technical | = produced AU DT alienated Supply of incoming the required of wps | Manage-
o base to the construction site L reliability ) ) . ability
capacities resources products territories products productivity level | |disruption
b \ \ : : ,V,

Comprehensive Large self-sufficient production Self-sufficient production
production base base of inter-district, base of district,
at the NPP site inter-oblast significance nodal significance

Minimally necessery on-site
base with an orientation
towards external supply

Small on-site base
in @ mobile version

Repair and modernization
of existing capacities

Fig. 1. Hierarchical representation of the multi-criteria task for assessing organizational forms of the production base for NPP construction
with VVER-1200 for solution by the Analytic Hierarchy Process method

Table 2. Rules for filling the pairwise comparison matrix accord-
ing to the Saaty method

Value

The i-th n j-th criteria are approximately equal in value

j-th criterion is slightly more important than the j-th

j-th criterion is more important than the j-th

i-th criterion is significantly more important than the j-th

ol~N|o|w| =X

i-th criterion is clearly more important than the j-th

assessments), in scales for comparing alternatives, etc. This
work uses the most widely applied pairwise comparison meth-
od (Saaty method). However, since the Saaty method is based
on comparing alternatives performed by one expert,
the agreed assessment of the author's team will be adopted
as the criterion importance assessments in the further calcula-
tion.

The PRICE of each criterion is determined by formula (1) —

geometric means of the matrix rows:

1

where X;; is the importance assessment of criterion K; relative to Kj;
i=1, .., K
The sum of the prices of all criteria is found (2):

K
c=>¢.
i=1

Local priorities (criterion weights) are calculated, formula (3):

(©)

@)

Ly =Vi=G/C

e verification of expert assessments for consistency is per-
formed.

The sums of the columns of the pairwise comparison matrix is
determined (4):

(4)

wherej=1, ..., K.

An auxiliary quantity A is calculated by summing the products
of the column sums of the matrix by the criterion weights, formu-
la (5):

A= R, -V;

;o

(%)

K

j=1

e using formula (6), a quantity called the Consistency Index (C/)
is found:

Cl=(-N/N-1). (6)

e depending on the dimension of the pairwise comparison ma-
trix, the Random Consistency Index (RC/) is found. The RC/
values are given in Table 1.6 [15]. For the previously selected
ten criteria (K = 10), RC/I = 1.49.

e the Consistency Ratio (CR) is found (7):

CR = CIIRCI. (7)

If the consistency ratio exceeds 0.2, then refinement of the pair-
wise comparison matrix is required:

e formation of N x N matrices of pairwise comparisons of alter-
natives A; for each criterion Kj;

e determination of local priorities of alternatives A, relative to cri-
terion K; (LIX) similarly using formulas (1)—(3);

o calculation/ of global priorities of alternatives using formu-
la (8):

(8)

wherei=1, ..., N;



#1 /2026

MexayHapoaHbI HayYHO-TEXHUHECKUI XYypHan

HeoBmX1UMOCTb: SKOHOMMKA, ynpaeneHune

OTEYECTBEHHbI U 3APYBEXHbIi ONbIT

Input: goal, criteria
and alternatives

!

Analysis of regional conditions for
construction of NPP with VVER-1200
in the | group region

Formation of a table of characheristics
for economic, territorial, reliability, temporal
and organizational criteria K; for
alternatives A, for the OFPB of NPP
construction with VVER-1200

in the Pareto set

( Cywhile i<=n \

Alternative A; s pairwise compared
with alternatives Ajsq...Ap

Is A; not better

Selection of the of non-dominated ‘/
alternatives for OFPB (Pareto set)

N= n — initial number of alternatives;
i_.=—1n - ———+ N —number of alternatives included

Filling of the pairwise comparison
matrix for criteria by importance
based on expert assessment

,

Processing of assessments
by the pairwise comparison method
(Saaty method). Calculation of local
priorities for criteria L,

'

Cywhile i<=N N

Formation of the pairwise comparison
matrix for alternatives for criterion K;

Calculation of local priorities forK
alternatives relative to criterion L 4/

than another alternative in Yes
any criterion?
No Alternative A;is excluded from Calculation of global priorities for
v further comparison alternatives Gy,

Alternative A;is included in the set of

'

non-dominated alternatives (Pareto set)

Output: the preferred
OFPB alternative

End

Fig. 2. Flowchart of the algorithm for assessing the OFPB for NPP construction with VVER-1200

e the highest global priority corresponds to the preferred alter-
native for the organizational form of the production base for
NPP construction with VVER-1200 (considering all criteria
and their degree of importance) in the selected regional con-
ditions.

Let's consider a calculation example for an NPP project with
VVER-1200 in a Category | region, as the most realistic within con-
struction in the Russian Federation.

Goal: to perform a multi-criteria assessment of alternative orga-
nizational forms for the production base for NPP construction with
VVER-1200 considering regional conditions.

The algorithm flowchart is presented in Fig. 2.

Let's form a table of characteristics for criteria K; of alternatives
A, (Table 3).

None of the alternatives is worse than another in all criteria;
the Pareto set includes all 6 presented alternatives.

The expert assessment of criteria for choosing a rational OFPB
by degree of importance is presented in Table 4.

Table 5 summarizes the values of local priorities for all criteria.

The Consistency Ratio CR = 0.046 < 0.2, therefore, matrix re-
finement is not required.

Similarly, the local priorities of alternatives A; relative to criterion
K; are determined (values are presented in Fig. 3).

The final values of global priorities for alternatives are indicated
in Table 6.

Based on the obtained results, it can be concluded that the pre-
ferred organizational form for the production base for NPP con-
struction with VVER-1200 for conditions in the European part of
Russia is the erection of a comprehensive production base at
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Table 3. Characteristics of alternatives
Alternatives | A;. Comprehensive A,. Large A,. Self-suffi- A, Small | As. Minimally necessary | Ag. Repair and
production base at |  self-sufficient cient district mobile base with external sup- | modernization of
Criteria construction site | inter-district base base on-site base ply orientation existing capacities
K;. Capital costs for creation, repair, or ) ) High (slightly ) )

High Very high Medium-| L Med
modernization of production capacities 9 ery g higher than A,) edium-iow oW edium
K,. Logisti ts f ly of material
2 -OGISTICS COS'S Tor SUpply of materia Low High Medium High Very high Medium
and technical resources
K. Risk of cost i f duced
3 RISK 0T c0Stincrease for produce Low Medium Medium-high High Very high Medium
products
K,. Proximity of production base t - Medium dis- ) ) . )

N r.OXIm.lyO production base o con Very close Far edium dis Close Medium distance Medium distance
struction site tance
Ks. Area of alienated territories, Ha 40-80+ 70-100+ 45-85+ 20-30 10-20 <5
Ks. Supply reliability Very high High High Medium Low-medium Medium-high
K. Quality control of incoming products Very high High High Medium Low-medium Medium-high
Ks. Tlmefrgmes for proggctlon capacities to 15-07+ 24-36 18-30 <95 3.9 6-18
reach required productivity level, months
Kq. Risk of WPS schedule disruption Low Low-medium Low-medium | Medium-high High Medium

. Medium , . Medium-high | Low-medium Medium

K,o- Manageabilit High complexit Very comple

10 geabliity complexity '0 plexity complexity complexity fy complex complexity

Table 4. Pairwise comparison matrix of criteria by importance

K f K| Ko | Ko | Ko | K5 | Ko | Ko | Ko | Ko | Ko
K 1 1 5 3 7 (15 2 (1214 6
K, 1 1 5 2 7 1151 2 |13 14| 5
Ky 15 [ 1/5 | 1 121 3 |17 [ 12|15 (17| 2
K, 13 12| 2 1 5 (16|12 [15]16| 3
K 17| y7 | 1/3 1 1/5 | 1 1/9 | 1/5 | 1/7 | 1/8 | 172
Ks 5 5 7 6 9 1 6 3 2 9
K; 12 [ 1/2 | 2 2 5 |16 1 13 11/5 | 3
Ky 2 3 5 5 7 113 3 1 172 | 7
Ky 4 4 7 6 8 |12 5 2 1 7
Kio 16 |15 | 12 |13 2 (19 (13|17 | 7 1
Table 5. Values of Local Priorities for Criteria

Ly 0.093
L 0.084
Lys 0.029
L 0.043
Lys 0.014
Lys 0.292
L 0.055
Lys 0.149
Lyo 0.221
Lito 0.020

Table 6. Values of Global Priorities for Alternatives

Gt 0.3094
G 0.1321
G 0.1484
Gpg 0.1601
Gus 0.1112
Gus 0.1388

the NPP construction site. This alternative provides the most favor-
able balance between supply reliability, capital and logistics costs,
quality control, and other criteria, which is critically important for
nuclear energy projects.

The assessment of organizational forms for the production base
for NPP construction with VVER-1200 is a complex task requiring
analysis of many interrelated criteria of a technical, economic, and
organizational nature. The application of the Analytic Hierarchy Pro-
cess allows systematizing the process, considering criteria in their
mutual hierarchy of priorities, and obtaining a justified solution cor-
responding to the specific conditions of each project.

The results of the conducted study show that for most construc-
tion sites in Russia in Category | regions, the preferred OFPB is
the creation of a comprehensive production base at the NPP con-
struction site. Despite the developed production and transport in-
frastructure of the considered region, organizational forms oriented
towards supplies turn out to be significantly less preferable. This
can be explained by the relatively low reliability of supplies, high
risk of WPS schedule disruption, and significant logistics costs,
which is generally characteristic of the Russian Federation due to
highly extended transportation schemes and a high risk of untimely
deliveries?.

At the same time, the determination of the preferred OFPB
should be carried out considering specific regional conditions,
the availability of existing production infrastructure, the long-term
development programme of the site, and the strategy for investing
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> L 0.081 L% 0.420 L% 0.413 L5 0.452 L% 0.059
% 0.036 ' 0.078 % 0.184 % 0.039 % 0.028
% 0.054 L' 0.193 % 0.112 % 0.093 s 0.040
s 0.264 L' 0.078 ) 0.071 L 0.230 L' 0.192
s 0.391 L' 0.036 L' 0.035 L 0.093 L' 0.279
L 0.175 L' 0.193 L' 0.184 L 0.093 L' 0.403
L' 0.413 I 0.413 L% 0.077 % 0.342 Ly 0.209
% 0.182 s 0.182 % 0.027 % 0.208 Ly 0.078
L% 0.182 s 0.182 s 0.052 % 0.208 Ly 0.124
L' 0.068 L 0.068 L' 0.450 L' 0.076 Ly 0.342
L' 0.045 L 0.045 L' 0.235 L' 0.052 Ly 0.038
L' 0.109 L 0.109 L' 0.159 L' 0.114 Ly 0.209

Fig. 3. Local priorities of alternatives relative to criteria

capital funds. The application of the presented methodology for
assessing organizational forms of the production base using AHP
allows making justified decisions that ensure the optimization of
technical and economic indicators for NPP construction projects
with VVER-1200.
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MYNMPOBaHbI LWECTb albTEPHATUBHbIX POPM opraHmsauumu,
BKJTI04as KOMMJIEKCHYO NPOM3BOACTBEHHYIO 6a3y Ha niowian-
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[OCTaTOYHYI0 pafioHHyo 6a3y, MOO6UbHYIO MPUOGBLEKTHYIO 6a3y,
MUHUMasnbHO Heob6xoanmyto 6a3y C OpUeHTaUMen Ha BHELLIHIOW
NMoCcTaBKy, a TakXe PeMOHT Y MOAEPHM3ALMIO CYLLECTBYIOLLMX
MOLLHOCTEN. Kaxxgas anstepHaTvBa OLEHEHa Nno psgy KpuTepu-
€B: 3KOHOMWYECKNM, TEPPUTOPUATbHBIM, KpUTepusam obecne-
YEHUs1 HafEeXHOCTU, BPEMEHHbBIM U OPraHW3aLnoHHbIM KpUTe-
puam. [Ina pelleHns MHOroKpuTepuasnbHOW 3aaaqv NpuMeHeH
anpo6upoBaHHbIA B MYPOBOV NPakTUKe METOA aHanusa nepap-
xui T. Caatun, BKOYAOLWNIA NpoLeaypbl NApHbIX CPaBHEHUN
KPUTEPMEB 1 anbTepHaTMB C NPOBEPKOW COrnacoBaHHOCTU JKC-
NnepTHbIX OLLEHOK. [poBeeHbl MoMHbIe pacyeTbl ¢ onpeaeneHu-
€M NoKarnbHbIX U rNo6anbHbIX NPUOPUTETOB BCEX aNlbTEPHATMB.
PesynbraThl nccnefosaHns AEMOHCTPUPYIOT, YTO onpeaeneHve
npeanoyTUTENbHOM hOPMbI OpraHM3auuy NPoM3BOACTBEHHOW
6a3bl B 3HAYUTENLHOW CTEMEHW 3aBUCUT OT PernoHanbHbIX yC-
NIOBUWI, BKIIOYas YPOBEHb Pa3BUTUA MHPPACTPYKTYpbI, CTpaTe-
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rM0 MHBECTUPOBaHUA U OONTOCPOYHbIE MaHbl Pa3BUTUSA aTOM-
HOW SHEepreTuku B pernoHe. anoxeHHas MeToanka MoOXeT ObITb
npUMeHeHa Npn 060CHOBaHUN OpraHM3aLOHHO-TEXHOSOrnYe-
CKUX peLleHur Ha NPeanpoeKTHON cTaauu CTPOUTENbCTBA HO-
BbIX 3Hepro6nokos ASC ¢ BBAP-1200.

Knro4eBble crnoBa: chopma opraHniaymm rnpon3Bo[CTBEHHOMN
6a3bl, BBOP-1200, meTon aHann3a vnepapxuii, MHOrOKpUTepu-
arnbHas ouyeHka, metog Caatu
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The objective of this study is to conduct a comparative analysis of models, tools, and empirical effects of im-
plementing the social franchise mechanism in the Russian Federation and international markets, with a view to
identifying best practices and critical drivers of success. The research methodology includes systematic analy-
sis, comparative analysis, case study analysis, and a review of academic literature, industry reports and regu-
latory documents. The analysis revealed fundamental differences between social franchise models: in Russia,
it is based on a donor-project paradigm with intensive methodological support and symbolic royalties, while in
global practice, an entrepreneurial-sustainable model prevails, focused on partial or complete economic self-suf-
ficiency of franchisees. A comprehensive review of existing literature reveals several key factors that contribute
to the success of a social franchise. These factors include service standardization and the measurement of so-
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for monitoring key performance indicators (KPI) and social return on investment (SROI), and the use of digital
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INTRODUCTION

Current global challenges, including economic
instability, growing social inequality and resource
shortages, encourage the development of new
mechanisms for scaling social services. In this con-
text, social franchising is becoming an increasingly
important tool for the replication of proven social en-
trepreneurship solutions. The International Franchise
Association asserts that the implementation of this
system is achieved through the establishment of
long-term partnerships. In this context, the franchisor
grants the franchisee a license to utilize its proprie-
tary model. This arrangement facilitates the transfer
of the franchisor's brand identity, the implementation
of its business processes, and the provision of meth-
odological and monitoring support. The primary ob-
jective of this support is the resolution of local social
issues.

The key feature of social franchising is its marked
deviation from the conventional commercial franchis-
ing paradigm. While the latter is predominantly con-
cerned with the generation of profit, the former is
oriented towards the optimization and scaling of so-
cial impact. This difference is reflected in financial
models, pricing methodologies, and revenue distri-
bution algorithms. Research has demonstrated that
social franchises exhibit a streamlined entry thresh-
old for prospective franchisees, the provision of grant
subsidies, and an enhanced system of social impact
and sustainability metrics [1].

An analysis of international practices reveals
the high effectiveness of social franchises as a tool
for solving socially significant problems in various
sectors. In the field of healthcare, the VisionSpring
and Aravind Eye Care System models have been
shown to facilitate access to ophthalmic services for

individuals of low income (Smith, 2022). In the field
of education, the Bridge International Academies
franchise has been instrumental in the standardiza-
tion of school education across African countries.
Grameen Bank (Bangladesh) is a leader in the field
of financial inclusion, implementing projects that en-
courage labour integration. The construction sector
is of particular importance to this study. Successful
examples include Habitat for Humanity, with its
global affordable housing programs, and the Indian
network Casa F6cil, which demonstrates the poten-
tial of social franchising in the development of hous-
ing infrastructure.

In the Russian Federation, the social entrepre-
neurship segment and related business scaling
tools are undergoing intensive institutionalization.
According to the monitoring conducted by the Our
Future Foundation, there has been steady growth in
the number of impact organizations over the past
five years; however, their replication rate remains
low. Despite the existence of a number of success-
ful cases, including “House by the Sea” and Big
Change, in addition to the fund's pilot initiatives,
there remains a paucity of comprehensive verifica-
tion and benchmarking of domestic and foreign ex-
perience in the domain of social franchising within
the construction industry. This deficiency hinders
the formulation of effective roadmaps for develop-
ment, incorporating mechanisms for public-private
partnerships and ESG-oriented financing [2].

METHODS

The integrated approach uses: systems analy-
sis to interpret social franchising as an ecosystem;
a comparative method to identify universal and con-
textual features of the experience of the Russian
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Federation and foreign countries; case studies of representative
examples of successful franchises; content analysis of scientific
and regulatory sources [3].

The empirical basis of the work was an array of data collected
from the following resources: international bibliometric scientific ci-
tation platforms Scopus, Web of Science, and RSCI; reporting ma-
terials and registers of specialized institutions — Our Future Foun-
dation, Agency for Social Investments (RF); International Franchise
Association (IFA), The Global Social Franchising Initiative, Europe-
an Franchise Federation (EU); open data arrays and case docu-
mentation; regulatory documents, defining legal relations in the field
of franchising and social entrepreneurship. To assess the construc-
tion complex, studies of foreign practices for regulating investment
and construction processes (USA, Great Britain, Germany, UAE,
China) were additionally used [4-6].

RESULTS AND DISCUSSION

The study revealed significant differences in institutional appro-
aches to the development of social franchising in Russia and abroad.
A comparative analysis of the key models is presented in Table 1 [7].

Table 1. Comparative analysis of social franchising concepts

Characteristic | International experience Russian practice
Financial Focus on self-sufficiency, | Non-repayable financing, grant
royalties 3-7 % for scaling | dependence on government
model ) .
a network franchise subsidies
Entry condi- | Minimal or averaged .
) y g Often free or nominal payment
tions lump-sum payment
Legal regulation of Chapter 54
Legal frame- | Special legal regulation of | of the Civil Code of the Rus-
work social entrepreneurship sian Federation “Commercial
Concession”
Performance | SROI system, Predominantly qualitative
measurement | impact-metrics metrics
Scalin Dozens of branches, Few points, local coverage
g thousands of recipients P ’ 9

As illustrated in Fig. 1, there is a clear discrepancy between
global expertise and the domestic social franchising model.

As illustrated in Table 2, a more detailed analysis of typical so-
cial franchising cases is provided, demonstrating the variety of
models found in different countries and economic sectors.

An analysis of foreign franchising models reveals a focus on
the establishment of social enterprises. The VisionSpring case in

80 % 75 %

60 %

40 %
25 %
20 %
0 %
International practice

m Self-repayment

India, for instance, demonstrates the effectiveness of the “social fran-
chise” model, evidenced by its capacity to generate revenue through
a nominal lump-sum fee ranging from $500 to $1,000, complement-
ed by royalties amounting to 5-7 % of revenue. The platform offers
a multifaceted support system, encompassing training, wholesale
logistics, marketing assistance, and rigorous quality auditing. In
the USA, Habitat for Humanity employs a construction scheme that
utilizes grant subsidies amounting to 80 % of costs, with no require-
ment for royalty payments. The emphasis is placed on methodology,
volunteer resources, and fundraising. The German brand Massiv —
Holz — Haus offers a direct franchise model with a substantial initial
payment of €150-300 thousand, complemented by moderate royalty
fees of 3-5 %, providing comprehensive support encompassing
technologies, IT infrastructure, and engineering [8].

In contrast to the international models, Russian initiatives dem-
onstrate an alternative development trajectory. The social franchise
“House by the Sea” functions as a methodological platform, offer-
ing free or symbolic license fees and no regular royalties. The pri-
mary emphasis is on the transfer of work technologies, training
content, and expert consulting support. Concurrently, in associated
domains such as education, full-format commercial impact fran-
chises are employed. The “Baby Club” network of children's cen-
tres, for example, has an average lump-sum fee of 0.5-1.5 million
rubles and royalties of 5-10 % of turnover (BMC, 2019). This en-
compasses branding, methodological package, software, market-
ing, training, financial planning, operational regulations, legal sup-
port, CRM system, and audit.

It is imperative to allocate particular attention to the analysis of
the final social impact (see Table 3). It is evident that global initia-
tives have the capacity to effect a substantial and enduring impact.
For instance, the Aravind Eye Care network in India comprises over
70 branches, providing services to more than 5 million patients and
performing over 500,000 operations annually, with reduced tariffs
of up to 80 %. The Akiba Mashinani Trust programme encom-
passed 12 districts in Kenya, playing a pivotal role in the construc-
tion of 1,200 residential units and the generation of 800 employ-
ment opportunities [9].

The analysis of achieved results and the cumulative social ef-
fect requires special attention. As demonstrated in Fig. 2, interna-
tional projects exhibit several orders of magnitude greater benefi-
ciary coverage in comparison to their Russian counterparts,
respectively. This phenomenon is especially evident in the con-
struction sector, where initiatives such as Habitat for Humanity and
Casa Facil have been instrumental in facilitating widespread ac-
cess to affordable housing for the population [10].

75 %

25%

Russian practice

Grant dependency

Fig. 1. Comparative analysis of financial and economic mechanisms of social franchising
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Table 2. A comprehensive study of social franchise formats by region and initiative

Project

Franchise Model

Franchising Conditions
(Lump-sum fee)

Regular Payments

(Royalties) Scope of Support from Franchisor

Vision Spring (India)

Business Format

Symbolic ($500-$1,000)

Professional training, wholesale supplies, strategic

5-7 % of turnover ) )
marketing, quality management

Habitat for Humanity (USA)

Construction Model

Grant coverage up to 80 %

None Methodology, social volunteers, crowd-fundraising

Massiv-Holz-Haus (Germany)

Direct Franchise

High (€150-300 thousand)

3-5 % of turnover | Comprehensive offering: ICT, innovations, engineering

“House by the Sea” (Russia)

Methodological

Gratuitous or nominal

None Activity methodologies, training, consulting

Franchise preschool educational

networks, “Baby Club” (Russia)

Business Format

Medium
(0.5-1.5 million rubles)

5-10 % of turnover | Branding, methodologies, software, marketing, training

Table 3. Extended evaluation of social franchise results

Country/Project

Number of
replications

Beneficiary coverage

Measurable social outcome

Aravind Eye Care (India)

>70 centers

>5 million patients/year

Over 500 thousand operations annually, costs reduced by 80 %

Akiba Mashinani Trust (Kenya) 12 regions | >5 thousand families 1,200 residential units built, 800 vacancies created
Casa Facil 85 cities >15 thousand people 3,000 affordable housing projects
“Dom u Morya” (House by the Sea) (Russia) |5 regions >200 orphanage graduates | Employment of graduates > 70 %, postgraduate professional adaptation

Social projects of the “Our Future” Foundation | >30 projects | >50 thousand people Organization of over 2,000 inclusive vacancies for socially vulnerable

(Russia)
“House by the Sea” (Russia) | 0.2
Projects of the “Our Future” Foundation (Russia) | 50
Casa Facil (Brazil) | 15

Aravind Eye Care (India)

Habitat for Humanity (USA) % 10,000

0 2,000 4,000 6,000 8,000

H 5,0

00

10,000 12,000

® The scale of the impact, thousand people

Fig. 2. A comparative analysis of the impact scale of social franchises

It is evident that Russian initiatives have a considerable social
impact at the municipal level. However, the scaling of these initia-
tives is constrained by two primary factors: firstly, a shortage of fi-
nancial and human resources, and secondly, an overregulated in-
stitutional environment. The most significant barrier to progress in
this field is the verification of results. While foreign franchises ac-
tively utilize SROI, Theory of Change, and impact metrics, domestic
teams are at times constrained to formal, fragmented reporting
without stakeholder participation and long-term competent bench-
marking validation [11].

A review of the literature on the subject of social franchising in
Russia reveals several challenges of particular concern. Firstly,
there is a paucity of regulation of the legal framework for the for-
mat's operation. Secondly, there is a constant shortage of invest-
ment resources in the replication phase of proven cases. Thirdly,
there is insufficient standardization of services and a lack of exper-
tise in the formation of franchise packages, methodological materi-
als, and training programs. Finally, there is limited awareness
among potential partners about the tools and indicators of the mod-
el's social impact [12, 13].

International experience demonstrates that social franchising
can serve as an effective mechanism in the construction sector to
address shortages of social housing, promote green, energy-effi-
cient construction, and introduce universal design principles into
urban development. According to industry research, in 2024, ap-
plications for construction and renovation franchises in Russia ac-
counted for 11.5 % of the market, reflecting significant entrepre-
neurial interest that has not yet been converted into socially oriented
business models [14-16].

The practices of the United Arab Emirates (UAE) and China
clearly confirm that the comprehensive digital transformation of
the construction sector — involving Building Information Modelling
(BIM), the Internet of Things (loT), artificial intelligence (Al), digital
twins and big data — is a key driver for scaling any business con-
cept, including social franchising. Unified platform solutions have
been demonstrated to minimize both Capital Expenditure (CAPEX)
and Operating Expenditure (OPEX), whilst concomitantly increas-
ing Total Quality Management (TQM) of social franchises. This has
been evidenced by European-Asian pilot cases in various climatic
zones and regulatory environments, as illustrated in Fig. 3 [17].
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0% 10% 20% 30%

Hybrid financing ® Digitalization

Fig. 3. Comparative analysis of the presence of critical success factors

CONCLUSION

A detailed analysis confirmed the considerable effectiveness of
social franchising as a means of expanding socially significant ini-
tiatives and replicating sustainable development and ESG stan-
dards, including in the areas of infrastructure, inclusive construc-
tion, and barrier-free environments. A number of structural differ-
ences were identified. Firstly, the foreign format is focused on entre-
preneurial sustainability, while the Russian format is focused on
a donor-project model.

Drawing upon a range of international case studies and a thor-
ough analysis of deficiencies within the Russian Federation, a se-
ries of proposals have been formulated with the aim of enhancing
the effectiveness of social franchising mechanisms within the con-
struction sector.

At the federal level, the following three factors must be given due
consideration if the evolution of social franchising is to be strategi-
cally managed: the development of a roadmap outlining the desired
future direction of social franchising; the establishment of a guaran-
tee fund for social franchise projects; the provision of targeted tax
preferences to network participants. The integration of social fran-
chises into programmes for the provision of affordable housing and
the comprehensive development of community areas is of particular
importance.

Secondly, it is imperative for infrastructure operators to estab-
lish multidisciplinary consulting centres for the commercialization of
social initiatives. Such commercialization may be achieved through
franchising, scaling educational tracks, and replicating proven
management practices. The primary focus remains oriented to-
wards the development and implementation of industry-specific
requirements for social franchising in the construction sector, en-
compassing digital BIM models and eco-standards.

Thirdly, it is recommended that social entrepreneurs should
ensure that social impact assessment metrics are embedded at
the deepest level, that integrated hybrid financial mechanisms are
improved, and that the use of end-to-end digital solutions is expand-
ed. In the field of construction, this phenomenon is exemplified by
the extensive utilization of Building Information Modelling (BIM) tech-
nologies. These technologies facilitate the augmentation of conven-
tional projects with a predictable quality, adhering to stipulated
deadlines and estimates.

The primary research agenda is focused on the establishment
of standardized legal constructs for social franchising, which are to
be aligned with various industry regulations. This is primarily relevant

40 %

= Monitoring

50% 60% 70% 80% 90% 100%

Support m Cstandardization

for the engineering and construction sector. Additionally, there is
a need to develop an integrated multifactorial methodology for mea-
suring the economic and social performance of social franchising
platforms.
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CoumanbHas ppaHLIM3a: OTe4eCTBEHHbIN
M 3apy6eXXHbl OMNbIT B CTPOUTENbLCTBE

Llenbto nccneposaHusa fBNsSeTca NpoOBEeAEeHUN BCECTOPOHHE-
ro CpaBHUTENbHOrO aHanna3a Mofenen, MHCTPYMEHTOB U 3M-
NUMpUYecknx aMPEKTOB NPUMEHEHUA MEXaHM3Ma COoLManbHON
paHLwmn3bl B Poccuiickon ®epepaumm 1 Ha MexayHapoaHbIX
pbIHKax Ana MAEHTUMUKALUN NyHLINX NPaKTUK U KPUTUHECKUX
ApavisepoB ycrnexa. MeTogonorvs BktoYaeT CUCTEMHBbIN aHa-
N3, CPaBHUTENbHO-CONOCTaBUTENbHbIN NMOAXOA, Pa3bop KOH-
KPETHBIX KEVCOB, @ TakXXe KOHTEHT-aHann3 akageMn4eckmx cra-
TeW, OTYETOB OTPACEBbIX MHCTUTYTOB U HOPMATUBHO-MPaBOBON
6a3bl. AHanM3 BbIABUN MPUHLMNNASIBHBIE PA3NNYUsA MOAenewn
coumnanbHon dpaHLmn3bl: B Poccun oHa CTpouTCcA Ha OOHOP-
CKO-MPOEKTHOM NapagurMe C MHTEHCMBHOW METOL0NOrMYecKom
NOAAEP>XKKOM U CUMBOSIMYECKUMWN POSNTU, TOFAA Kak B MUPO-
BOW MpakTuKe npeobnagaet npeanpuHMMaTenbCKo-ycTonynsas
MOfieflb, OPUEHTUPOBAHHAA HA YaCTUYHYIO U MOJTHYIO 3KOHO-
MUYECKYI0 caMoJoCTaTo4HOCTbL hpaH4an3n. Ha ocHose aHa-
nM3a KencoB BbISBEHbI KIOYEBble PaKTopbl ycnexa counanb-
HOW (bpaHLUM3bl: CTaHAApTM3aums NpefocTaBseMblX CEPBUCOB
1 [OCTUraemoro counanbHoro agpdekTa, KOMMNEKCHOEe pasBu-
TVe noteHumana paHyanaun, BHeApeHNe CUCTEMbI MOHUTOPUH-
ra Kno4yeBbIx nokasatenen achdektusHocTH (KPI) 1 coumanbHom
peHTabensHocTn nHBectuumii (SROI), a Takxe ncnonb3oBaHne
umndpposbix nnatpopm n CRM-cuctem. BeiBoabl noaTBepxgaroT
BbICOKYIO pPe3ynbTaTUBHOCTb COLManbHOM paHLIn3bl Kak MH-
CTPyMeHTa MacLuTabvpoBaHWsa coumanbHO 3HA4YUMbIX UHMLMA-
TvB. [nfA pa3Butna mexaHnama B Poccumn npegnoxeHsl Mepsbi:
BHeApPEHWe rmépuaHbIX MHAHCOBbLIX Mogenen, hopmmpoBaHme
KOHCANTUHIOBbIX LIEHTPOB, yCUNEHNE BUSHME, OCHOBaHHOE Ha
JaHHbIX OLIeHKW, U aganTtauus perynsTopHou cpefbl.

KnroyeBbie cnoBa: coyvasibHas hpaHimsa, ppaH4an3uHr-
mogesb, MacluTabupoBaHue, CoynabHbIv MNaKT, CPaBHUTE Tb-
HbIVi @aHanmn3, yCTon4nBoe pa3suTne
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