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OT MNABHOI0 PE[JAKTOPA

YBaxkaembie umtarenu!

[TosBneHne MHOroo6pasnsa Hopm COBCTBEHHOCTM HA 3eMJTI0 TPeOYeT NpUHLUNUANb-
HbIX MOAX0A0B K €6 y4eTy. COOCTBEHHOCTb ABASETCA HPUANYECKOI KOHLENLMen n npea-
CTaB/ISET CO60M COBOKYMHOCTb YaCTHbIX Npas BrafeHns. MpaBo COBCTBEHHOCTU Ha 3eM-
N0 — 370 OCHOBA AN (POPMUPOBAHUS PbIHKA HA 3EMITIO U PErynnpoBaHUs PbIHOYHbIX
OTHOLIEHWA. CerofHa He0BX0AMMO paccmaTpiBaTh Y4aCTKM 3eMN Kak 0CO6EHHbIE 00b-
€KTbl npasa.

KagacTp no3sonfieT MAgHTU(ULMPOBATL 3eMeSibHbIE Y4aCTKM, 066Cne4BaTh rapaH-
TWW NPaB UX CO6CTBEHHUKAM, ObICTPbIE Pe3y/bTaTbl UMYLLECTBEHHBIX CNOPOB. OH BKIHO-
YaeT nofpo6HOe reofie3nyeckoe, reorpaduyeckoe, reonornyeckoe, IKOHOMUYECKOE., X0-
3AICTBEHHOE ONUCAHWE 3EMESIbHBIX Y4aCTKOB, CBEAEHUA 06 WX OPUANYECKOM CTaTyce.
Kak nokazan aHanua Ha npumepe ropoackon aeman Mocksbl, npuMepHo 80 % HanorosbIx
NOCTYNIEHUA — 3TO CPEACTBA OT 3EMEJIbHOr0 Hanora.

PbIHOK 3eMN1 UMEET LUMPOKNIA CMbICH, BKIKOYas peaibHOe NpaBo Noib30BaHNs, npa-
BO apeHAbl, NPaB0 3an0ra u UMOTEYHOr0 KPEAUTOBAHNS.

9TV 1 ipyrue BONPOCh! 3eMeSTbHOM0 KafacTpa 1 npaB COBCTBEHHOCTI HA 3eMA0 pac-
CMOTPEHbI B HACTOSILLIEM BbIMYCKE XYpHana.

C Hannyyqwmmmn noxenaHnamu,
[nasHbiit pegaktop, MéTp MpaboBsbii

Dear Readers!

The emergence of various forms of land ownership requires fundamentally new
approaches to land registration. Ownership is a legal concept and represents a set of
individual rights of possession. Land ownership rights form the basis for the development
of the land market and the regulation of market relations. Today, land plots should be
regarded as specific objects of legal rights.

The cadastre makes it possible to identify land plots, guarantee the rights of their
owners, and facilitate the prompt resolution of property disputes. It includes detailed
geodetic, geographical, geological, economic, and land-use descriptions of land plots,
as well as information on their legal status. As shown by an analysis of urban land
in Moscow, approximately 80 % of tax revenues come from land tax.

The land market is understood in a broad sense and includes the actual right of use,
lease rights, pledge rights, and mortgage lending.

These and other issues related to the land cadastre and land ownership rights are
discussed in this issue of the journal.

Sincerely, Peter Grabovyy
Editor-in-Chief
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WTENBHOTO SOHMPOBaHIA CoBepLUEHCTBOBaHME METOAVKM OMpeaerneHns KaaacTpoBoi CTOMMOCTM
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VIMEIOT KOMTITIEKCHYIO JIoKasbHbIX DaKTOPOB TEPPUTOPUN

npunpony — nNpaBOBYO,

OpraHM3aLyoHHyto 1 31 PomaHeHko M.WU., Bongbipes E.C.

TEeXHOINOrnm4ecKyto oa-

HOBDEMEHHO Pas3BuTune pbiHKa XWibsl B CIOXHBIX 9KOHOMUYECKMX YCIOBUSX
BO3BELEHNSI OOBLEKTOB HELABVIKMMOCTU

3aiuesa J1.U.

Mparmika MHBeCTMEM' 37 boposguHa C.M., KoBewwHunkos B.B.

OHHO-CTPOUTESTbHOM
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NEeHHOW Ha peanusaumio PbIHKa XXMITOM HEABVKMMOCTU

MNMPOEKTOB 1 OCYLLIECTB-

URENEH 15 Lol DRI 45 Benskos M.B., Koctpiokosa A.C., MaHyxuHa J1.A., FepacbkuH 10.M.

dopmatax, ybeamtens-

HO NMPOAEMOHCTPMPOBA- TeOpeTVIKO-MGTOJJ,OJ'IOFVI'-IGCKVIG OCHOBbI onpepeneHns KaﬂaCTpOBOVI

f1a, 4TO NPV OTCYTCTBIMN N PbIHOYHOM CTOMMOCTH

CVICTEMHbIX PELLIEeH
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T e XUNUIWHO-KOMMYHANbHbIM KOMMJIEKCOM

A SIS 50 [extaps E.B., KanycTkuHa A.B., CamcoHoBa O.10., AxmeTbsiHoBa A.P.

3adepPXXK B AOCTMIKE-

HUM KOHEYHbIX LEnen BrnvsiHne rpagoCcTponTENBHOIO Pa3BUTUA HA COXPaHEHNE

npoekTa CENbCKOXO3ANCTBEHHbIX 3EMESTb Y MPUPOLHbLIX TEPPUTOPUIA
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In modern conditions, the effective-
ness of investment and construction
activities is determined not only by
the level of development of construc-
tion technologies and the availabil-
ity of financial resources, but also by
the quality of institutions that ensure
the functioning of the real estate mar-
ket and land relations
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ancies between territorial planning
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tional, and technological at once
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The practice of investment and con-
struction activities aimed at imple-
menting projects and carried out in
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demonstrated that, in the absence of
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agreements among the participants,
delays in achieving the final project
goals are inevitable
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economic factors create risks of a sub-
jective approach
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To stabilize the market, it is necessary to
introduce additional measures of state
support for buyers and developers, tak-
ing into account the mistakes of past cri-
sis periods, including the implementa-
tion of market incentives, including new
government programmes, lower interest
rates and the development of alternative
mechanisms for buying housing
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Quality of the land cadastre institution
as a factor in increasing the efficiency
of logistics in the investment and
construction sector

This paper examines the impact of land cadastre quality on the efficiency of logistics processes in the investment
and construction sector. It argues that the land cadastre should be viewed not only as a traditional accounting
and registration mechanism, but also as a fundamental element of the information and logistics infrastructure,
determining the speed, reliability, and cost of information, documentary, and investment flows at all stages of
the construction cycle. The key influences of cadastral data quality are identified: reduced pre-project preparation
and approval process times, reduced transaction costs, increased investment attractiveness of territories, and
minimized litigation risks and land disputes. Special attention is paid to the problem of cadastral errors, ambigu-
ous land boundaries, and inconsistencies between state information systems, which generate additional logisti-
cal losses and increase the duration of the investment and construction cycle. The authors propose a concept for
“cadastral logistics maturity of a territory”, encompassing five levels — from fragmented to intelligent — at which
a digital twin of the territory is created using artificial intelligence, big data, and geospatial analytics. A new sci-
entific concept, “cadastral efficiency rent”, is introduced as an additional economic benefit received by develop-
ers and investors due to the high quality of cadastral infrastructure. A multi-level model for assessing cadastral
and logistics efficiency has been developed, including a system of quantitative indicators of cadastral quality,
logistics, economic, and territorial parameters. It is concluded that improving the quality of the land cadastre in-
stitution and its integration with urban planning, transport, and infrastructure systems is key to reducing logistics
costs, accelerating the investment and construction cycle, and ensuring the sustainable development of urban-
ized territories.

Keywords: territorial development, transaction costs, logistics efficiency, spatial development, land manage-

ment, digitalization of the cadastral register, investment cycle

ment and construction activities is determined not

only by the level of development of construction
technologies and the availability of financial resourc-
es, but also by the quality of institutions that ensure
the functioning of the real estate market and land re-
lations.

One of the most important institutions is the land
cadastre, which is a system of accounting, registra-
tion, description and spatial identification of land
plots.

Practice shows that a significant part of the de-
lays in the implementation of investment and con-
struction projects are due to:

In modern conditions, the effectiveness of invest-

e cadastral accounting errors;

e uncertainty of the boundaries of land plots;

e lack of up —to — date information on the legal

status of lands;

e contradictions between different state infor-

mation systems;

e lengthy approval procedures.

These problems create additional logistical loss-
es, increase project implementation time and reduce
the efficiency of using investment capital.

In this regard, there is a need to study the land
registry as an independent institutional factor of
the logistical effectiveness of investment and con-
struction activities.

The issues of land cadastre quality and its im-
pact on economic processes in the construction
sector are at the intersection of several scientific

areas: institutional economics, land law, spatial de-
velopment and logistics. The approach to the ca-
dastre as an information foundation for risk man-
agement in investment processes is actively
developing in foreign literature. In particular, empiri-
cal studies using the example of Poland show that
incompleteness, inaccuracy and obsolescence of
cadastral data generate legal, technical and finan-
cial risks, which leads to delays and increased cost
of projects [1]. These findings echo a broader dis-
cussion about the quality of services and digital
transformation in the real estate sector. Modern ap-
proaches to creating urban digital twins also em-
phasize the need to integrate cadastral, urban plan-
ning and transport data to improve the accuracy
of management decisions [2, 3].

In the Russian scientific tradition, the land ca-
dastre is traditionally considered as an instrument of
state land management, accounting and taxation.
In recent years, the focus has shifted towards digi-
talization and the creation of integrated spatial infor-
mation systems, such as the National Spatial Data
System, which is designed to combine disparate
cadastral and other information to improve the ef-
fectiveness of spatial planning and investment deci-
sions [4]. However, as the researchers note, prob-
lems of standardization, data completeness and
interagency integration remain. The logistical as-
pect in the context of the land registry is presented
in works devoted to the selection of land plots for
the placement of logistics facilities and the reengi-
neering of logistics processes in construction [5-7].
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The logistical nature of the land registry

Nevertheless, there is insufficient systematic analysis of the impact
of the quality of the land registry institute on the logistical efficiency
of the investment and construction cycle in the existing literature.

Traditionally, the land cadastre is viewed through the prism of:
land relations; real estate management; government regulation;
taxation; territorial planning. However, in modern conditions, the ca-
dastre should be considered much more broadly — as a key ele-
ment of spatial and information logistics. From the standpoint of
the logistic approach, the land registry ensures the movement
of three types of flows (Fig.). Consequently, the quality of the ca-
dastre directly affects the speed and reliability of logistics flows.

Itis proposed to consider the cadastre as the core of the spatial
information logistics system (Table 1).

The combination of these elements forms the basis of logistical
support for investment and construction processes.

The impact of cadastre quality on the efficiency of construction
logistics is manifested through five main channels, which together
form an environment for the smooth implementation of investment

Table 1. Information and logistics system of the cadastre

System unit Key information

coordinates of the plots;
borders;
topological connections

Spatial information

ownership rights;
encumbrances;
easements;

usage restrictions

Legal

territorial zoning;
types of permitted use;
building parameters

Urban planning

transport infrastructure;

Infrastructural engineering networks;
social facilities
cadastral value;

Investment market value;

investment potential of the territory

and construction projects. First of all, the high quality of cadastral
data directly contributes to reducing time losses at all stages
of the object's life cycle: from reducing the time required for pre-
design preparation and speeding up the registration of land rela-
tions to minimizing the number of interdepartmental approvals. Re-
search shows that the incompleteness and inaccuracy of cadastral
data directly correlate with project delays [8]. At the same time,
a significant reduction in transaction costs is achieved, since ca-
dastral certainty reduces the cost of expensive legal support, ad-
ditional engineering surveys, and minimizes the risks of litigation
and the need for repeated cadastral work, which ultimately makes
the project budget more predictable [9].

In turn, the reliability and transparency of cadastral information
serve as the foundation for increasing the investment attractiveness
of territories: investors make decisions much faster if there is a clear
legal regime and clear boundaries of land plots, which accelerates
the launch of new facilities. At the same time, a high-quality cadas-
tre increases the sustainability of projects, reducing the likelihood
of sudden construction stops, forced changes in design decisions
and protracted land conflicts with neighboring land users. Finally,
at the macro level, authorities receive a powerful tool to improve
the efficiency of territorial management, which is reflected in
the ability to accurately predict the development of urban spaces,
competently manage the land bank and form long-term programs
for the integrated development of territories, where the logistics
of construction flows are linked to the overall urban planning stra-
tegy [10, 11].

For the purposes of assessment, it is proposed to introduce
a new concept — cadastral logistical maturity of the territory. Ca-
dastral logistical maturity refers to the ability of a territory to provide
minimal time and transaction costs for investment and construction
activities due to the high quality of the cadastral infrastructure. Five
maturity levels are proposed (Table 2).

The transition to the fourth and fifth levels involves not only tech-
nical modernization, but also institutional changes, including inter-
departmental cooperation and unified data standards, which is
confirmed by modern research in the field of integrated spatial sys-
tems [12, 13].
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Table 2. Levels of cadastral logistic maturity of the territory

Number Level Characteristic
« lack of up-to-date data;
1 Fragmentary |« alarge number of errors;
- low digitalization
« availability of cadastral registration;
2 Basic « partial digitalization;

« limited data integration

« high completeness of information;
« stability of registration processes;
relatively low costs

3 Functional

Assumes the unification of:
« cadastre;

« urban planning systems;
« transport systems;

« infrastructure platforms
A digital twin of the territory is being formed.
Used:

« artificial intelligence;

« big data;

« geoanalytics;

« predictive modelling

4 Integrated

5 Intellectual

The authors propose a hypothesis of the existence of an inverse
relationship between the quality of the cadastre and the duration of
the investment and construction cycle. This suggests that improv-
ing the quality of the cadastre leads to an acceleration of invest-
ment and construction processes [14]. In this regard, a new scien-
tific concept is proposed — cadastral efficiency rent, which is
understood as an additional economic effect obtained by partici-
pants in investment and construction activities due to the high qual-
ity of the cadastral infrastructure. The sources of such rent are:

e reduction of project implementation time;

e reduced transaction costs;

e improving the accuracy of investment decisions;

e reducing judicial risks;

e the growth of capitalization of the territory.

Similar effects are recorded in works devoted to evaluating
the effectiveness of digital twins and integrated urban development
management systems [15, 16].

One of the main problems of existing research is the lack of
a quantitative mechanism for assessing the impact of the cadastral
system on the parameters of investment and construction activities.
To solve this problem, it is proposed to develop a multilevel model
for assessing cadastral and logistical efficiency, which includes
the following stages:

1. Formation of the system of indicators (Table 3).

2. Normalization of indicators.

To ensure comparability of indicators, it is proposed to use di-
mensionless indexes. The calculation is performed according to
the formula (1):

Iy = (X = X)X

max Xm'n)v (1 )
where [, — the normalized indicator;

X; — the actual value;
Xinax» Xmin — boundary values (maximum and minimum,

respectively).

Table 3. Groups of indicators for assessing cadastral and
logistic efficiency

Group A. Quality of the cadastral system: | Group B. Logistical indicators:

« percentage of plots with specified « duration of the coordination
boundaries; procedures;

« number of cadastral errors; « period of preparation of

« the level of digitalization of cadastral the land plot for development;
services; « period of passage of licensing
« completeness of cadastral information; | procedures;

« average period of cadastral registration | « duration of the investment and
construction cycle

Group C. Economic indicators:

« investment attractiveness

of the territory;

« cost of project preparation;

« investment volume;

« cost of the development project;

« internal rate of return of the project

Group D. Territorial indicators:
« density of development

of the territory;

« provision of infrastructure;

« quality of the urban
environment;

« the index of sustainable
development of the territory

3. Calculation of the integrated cadastral and logistic efficiency
index (ICLE).
It is proposed to calculate the indicator (2):

ICLE = 37, (w; - 1)), )

where ICLE — the integrated cadastral and logistic efficiency index;
w; — weight coefficients (set by experts);
I; — particular indicators;

Thus, it can be noted that the higher the quality of the land
registry institute and the degree of its integration with urban plan-
ning, infrastructure and investment systems, the lower the total lo-
gistical costs of investment and construction activities, the higher
the efficiency of development companies and the sustainability of
urbanized areas.

The conducted research shows that the land registry should be
considered not only as an accounting and registration mechanism,
but also as a basic institution of spatial and information logistics in
the investment and construction sector. The quality of cadastral in-
formation has a direct impact on the speed of investment, informa-
tion and documentary flows, determining the amount of transaction
costs, the duration of the investment and construction cycle and
the competitiveness of development projects. Improving the quality
of the land cadastre institute is becoming one of the key areas for
increasing the efficiency of investment and construction activities
and ensuring sustainable development of urbanized territories.
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Ka4yecTBO MHCTUTYTa 3eMeNibHOro KapacTtpa
Kak ¢pakTop nosbiieHUs 3pPEeKTUBHOCTHU
NOrMCTUKN B UHBECTULIMOHHO-
cTpouTenbHou cchepe

B ctatbe nccnepgyetcsa BNusHWE Ka4ecTBa MHCTUTYTa 3eMeslb-
HOro Kagactpa Ha 3PPEKTUBHOCTb SIOFMCTUYECKMX NPOLECCOB
B WHBECTULMOHHO-CTpOUTENBbHON chepe. O6OCHOBLIBAETCS, YTO
3eMenbHbIA KagacTp cnefyeT paccMaTpuBath He TONbKO Kak
TPagVLMOHHbIA Y4ETHO-PErMCTPALMOHHBIA MEXaHU3M, HO U1
KaK pyHOamMmeHTanbHbIA 311EMEHT UHDOPMALIMOHHO-NIOrUCTUYE-
CKOW UH(PACTPYKTYpPbl, ONPEAENSIOLLMIA CKOPOCTb, HAAEXHOCTb
N CTOUMOCTb ABUXEHUA UHMOPMALMOHHbIX, JOKYMEHTaPHbIX
1N UHBECTULMOHHbIX MOTOKOB Ha BCEX 3Tanax CTPOUTENbHOMO Lin-
Kna. BbisiBfieHbl OCHOBHbIE KaHasbl BUSHUSA KayecTBa KafacTpo-
BbIX AaHHbIX: COKpaLLleHNne CPOKOB NPeAnpoOeKTHOM NOAroTOBKM
N cornacoBaTenbHbIX Npoueayp, CHMXEHNE TpaH3aKLNOHHbIX
N3[epXeK, NOBbILEHNE NHBECTULMOHHOW NPUBMEKaTENbHOCTH
TEPPUTOPUIA, MUHUMU3ALUSA CYAEOHbIX PUCKOB U 3EMEINbHbIX
cnopoB. OTaenbHOE BHMMaHMe yaeneHo npobnemMe KagacTpo-
BbIX OLLUMOGOK, HEONPEAENEHHOCTM FPaHuL, y4acTKOB M MPOTU-
BOpEeYUAM MexXxpay rocyaapCTBEHHbIMU MH(OPMALUOHHLIMU
cucTtemamu, Kotopble hopMUpYIOT AOMONHUTENbHbIE NOTUCTU-
YeCcKue NoTepu 1 yBenuYnBarT NPOAOSIKUTENBHOCTb UHBECTU-
LIMOHHO-CTpOUTENbHOro umkna. MNMpepgnoxeHa aBTOpcKas KOH-
Lenumns «KagacTpoBOW TOFMCTUYECKON 3peoCTy TEPPUTOPUN»,
BKNtoYaroLLan NaTb YPOBHEN — OT PparMeHTapHOro fo UHTEr-
JIEKTyanlbHOro, Ha KOTOpoM PopMUPYeTCH LMDPOBOA [BOVHUK
TEPPUTOPUM C UCMONb30BAHNEM UCKYCCTBEHHOIO MHTENNEKTA,
60nbLUMX AAHHBIX U reoaHanUTUKKM. BBogmTca HOBoe Hay4Hoe
NOHATME «KaJacTpoBas peHTa SPPEKTUBHOCTN» KaK JOMNOMHU-
TeNbHbIN 3KOHOMUYECKUI 3DAEKT, NoslyHaeMblii Aesenonepamm
1 MHBECTOpaMu 3a CHET BbICOKOr0 KayecTBa KafgacTpOBOW WH-
dpacTpykTypbl. PagpabotaHa MHOroypoBHeBasi MOAESb OLeH-
KN Ka[acTPOBO-SIOrMCTUYECKOM 3DPEKTUBHOCTM, BKOHAKOLLASA
CUCTEeMY KONIMYECTBEHHbIX MoKasaTenen KayecTsa KagacTpa,
JIOTUCTUYECKNX, SKOHOMUYECKNX U TEPPUTOPUASbHBIX Napame-
TpoB. COenaH BbIBOA, YTO MOBbLILLEHME KAYeCTBa UHCTUTYTa 3e-
MeJIbHOro KafacTpa 1 ero MHTerpauus ¢ rpafoCcTpPOUTENbHBIMU,
TPaHCMOPTHBLIMU U MHPPACTPYKTYPHLIMU CUCTEMaMU SBNSIETCA
KMOYEBbIM HanpaBNeHUEM CHUXEHUS NOrMCTUYECKUX USLEPXKEK,
YCKOPEHMS MHBECTULIMOHHO-CTPOUTESNBHOIO LIMKa 1 obecneye-
HWUSI YCTONHYMBOrO pasBuTUa ypOaHN3NPOBaHHbLIX TEPPUTOPUNA.

a Small Historic Town in Europe. Sustainability. 2025; 17(23):10740.
DOI: 10.3390/su172310740. EDN SMQQFN.

12. Andritsou D., Alexiou C., Potsiou C. BIM, 3D Cadastral Data and
Al for Weather Conditions Simulation and Energy Consumption
Monitoring. Land. 2024; 13(6):880. DOI: 10.3390/land13060880.
EDN PASWXQ.

13. Sarchenko V.l. Spatial-territorial development of real estate.
Vestnik MGSU. 2015; 1:103-111. EDN TGDMORP. (rus.).

14. Astafyev S.A., Sarchenko V.l., Saenko I.A., Maksimchuk O.V.,
Kalentieva N.A., Khirevich S.A. et al. Development: Economics of
Territorial Development and Improving the Comfort of the Urban
Environment : textbook edited by S.A. Astafyev, V.I. Sarchenko.
Moscow, ASV Publishing House, 2022; 400. EDN DBVJIM.

15. Ivanov S.A., Nikolskaya K.Yu., Radchenko G.1., Sokolinsky L.B.,
Zymbler M.L. Digital twin of a city : concept overview. Bulletin of
the South Ural State University. Series: Computational Mathematics
and Software Engineering. 2020; 9(4):5-23. DOI: 10.14529/
cmse200401. EDN CNBYFY. (rus.).

16. Astafyev S.A., Sarchenko V.I., Khirevich S.A., Saenko I.A.,
Pukhova V.V., Shirinkina A.Yu. et al. Economic justification of urban
planning decisions and improving the comfort of the urban environ-
ment : workshop. Moscow, ASV Publishing House, 2021; 256.
EDN CAWWDU. (rus.).

Knto4eBble c/ioBa: TepputopuasibHoe pasButue, TpaH3aKLyMoH-
Hble N3[epXKu, 3¢hheKTUBHOCTb JIOTUCTUKM, MPOCTPAHCTBEHHOE
pasBuTne, yrpaBreHne 3eMeslbHbIMU pecypcamu, UngpoBu3sa-
uns KagacTpa, UHBECTULMOHHBIV LMK

CIMMNCOK UCTOYHUKOB

1. Kwartnik-Pruc A., Front-Dabrowska T. The Impact of Cadastral
Data Quality on Risks in Construction-Investment Processes //
Land. 2026. No. 15 (6). P. 929. DOI: 10.3390/land 15060929

2. El-Agamy R.F., Sayed H.A., AL Akhatatneh A.M., Aljonat M.,
Elhosseini M. Comprehensive analysis of digital twins in smart
cities: a 4200-paper bibliometric study : Artificial Intelligence
Review. 2024. No. 57 (6). P. 154. DOI: 10.1007/s10462-024-
10781-8. EDN JCUYNS.

3. Somanath S., Naserentin V., Eleftheriou O., Sjélie D., Wést-
berg B.S., Logg A. Towards Urban Digital Twins: A Workflow for
Procedural Visualization Using Geospatial Data // Remote Sensing.
2024. No. 16 (11). P. 1939. DOI: 10.3390/rs16111939. EDN
VQNJZR.

4. Cokonosckuvi A.U., AHTpornos [.B., O6yxos [.A. UHTerpayms
CUCTEMbI KOHTPOJISI 38 hOPMUPOBAHMEM W UCMOIb30BAHNEM
CPeAcTB [OPOXHbIX (DOHAOB U eANHOV LMgpOBOU 1aThopmMbi
«HaywoHarnebHas cuctema npocTpaHCTBEHHbIX AaHHbIX>» // MockoB-
CKUI 9KOHOMUYecKmii XypHasn. 2025. Ne 10 (4). C. 103-116.
DOI: 10.55186/2413046X_2025_10_4_97. EDN XKMPVT.

5. CapueHko B.U. Hosbivi nogxon K peann3aunm reHepasbHbIX
rniaHoB ropofos // OkoHomuka cTpouTenscTea. 2012. Ne 3 (15).
C. 3-10. EDN OYSCHT.

6. Conosevi K., Kynew M.U. UccnenoBaHne oTpacneBbix 0co-
OEeHHOCTEV CTPaTerm4ecKoro yrnpasieHUsl JIOTUCTUKOM B CTPOU-
TenbcTBe // Monogas Hayka Cubupu. 2024. Ne 2 (24). C. 290-300.
EDN MXQWHM.

7. JintBuHa [.6. S¢ppeKTnBHOCTL yrpaBreHus nanepxkamm
B CTPOUTENIbHOM MPOU3BOACTBE HA OCHOBE MPUMEHEHUST MHHOBA-
YMOHHOU noructuku // VIHxeHepHbivi BeCcTHUK [oHa. 2012.
Ne 4-2 (23). C. 126. EDN PVJDRT.

8. Shan Sh., Song Y., Wang Ch., Ji W. Influencing factors and
action paths for public crisis governance performance improvement
in digital twin cities // Library Hi Tech. 2024. No. 43 (2-3).
Pp. 1106—-1136. DOI: 10.1108/LHT-08-2023-0332. EDN XNLYYN.

>



#3 /2026

MexayHapoaHbI HayYHO-TEXHUHECKUI XYypHan

HeoBmX1UMOCTb: SKOHOMMKA, ynpaeneHune

O0®UUMANBHBIA PASAEN

10

>

9. Usetniok J1.C., bogposa E.E. Jlornctuka B cTpontenscTae //
CtpountenbcTBo. SKOHOMUKa u yrnpasneHue. 2023. Ne 2 (50).
C. 8-19. EDN YUHMPC.

10. ViHTepecHas [.4., CokonoB B.B. Cneynghmka kagactpoBori
[EesITe/IbHOCTU B cghepe aBTOMOBUIIbHbLIX JOPOI Ha TeppUTopumn
HoBbIX cy6bekToB Poccuvickori @egepaumm // MockoBckuii 3KOHO-
muydeckuii xypHan. 2025. Ne 10 (4). C. 386—401. DOI: 10.55186/
2413046X_2025_10_4_117. EDN CKRKYA.

11. Blagoni B., Markovinovi D., Matijevi H., Redovnikovi L.
Integration of Digital Twin Technologies in Urban Regeneration of
a Small Historic Town in Europe // Sustainability. 2025. No. 17 (23).
P. 10740. DOI: 10.3390/su172310740. EDN SMQQFN.

12. Andritsou D., Alexiou C., Potsiou C. BIM, 3D Cadastral Data
and Al for Weather Conditions Simulation and Energy Consumption
Monitoring // Land. 2024. No. 13 (6). P. 880. DOI: 10.3390/
land13060880. EDN PASWXQ.

13. CapuyeHko B.U. [pocTpaHCTBEHHO-TEPPUTOPUATIbHOE Pa3Bu-
TMe HeaBwmxumocTtu // BectHuk MICY. 2015. Ne 1. C. 103-111.
EDN TGDMORP.

14. ActagbeB C.A., CapyeHko B.U., CaeHko U.A., Makcum4yk O.B.,
KaneHtbeBa H.A., Xupesny4 C.A. n ap. [JeBenonmeHT: 9KoHOMUKa
pasBUTUS TEPPUTOPUI U MOBbILLEHNS KOMGOPTHOCTU rOPOLCKOM
cpegsl : y4. nog peq. C.A. ActagpbeBa, B.U. CapyeHko. M. : Vi3ga-
TenbcTBo ACB, 2022. 400 c. EDN DBVJIM.

15. VieaHoB C.A., Hukonbckas K.fO., Pag4eHko I.U., Cokonuc-
o1 J1.6., LpiM6iep M.J1. KoHyernyus rnocTpoeHusi LUngpoBoro
[ABoviHvKa ropoga // BectHuk KOXXHO-YpasibCcKoro rocyaapCcTBeHHO-
ro ynuBepcuteta. Cepusi: BbiducnntenbHas matemMatuka u vH-
gopmatuka. 2020. Ne 9 (4). C. 5-23. DOI: 10.14529/cmse200401.
EDN CNBYFY.

i s
0w e
Ry
f o
PPN

okt Das 1m0z ot

16. ActagpbeB C.A., Cap4eHko B.U., Xupesn4 C.A., CaeHko U.A.,
lMyxoBa B.B., LUnpuHkuHa A.O. n ap. SkoHoMm4eckoe o60CcHOBa-
HUWE rPafoCTPOUTESbHbIX PELLIEHWI U MOBbILLEHUS KOMGOPTHOCTHN
ropogckovi cpefebl : npaktukym. M. : Uspatenbcteo ACB, 2021.
256 ¢. EDN CAWWDU.

06 aBTopax: CapyeHko Bnagummp MiBaHOBUY — [OKTOP SKOHOMU-
Yeckux Hayk, npodeccop, npodeccop kadenpbl NPOEKTUPOBaHUSA
3[aHWI 1 3KCNEePTU3bl HEABWKMMOCTY; CMBMPCKWIA cheaepanbHbIn
yHusepcutet (CPVY); 660041, r. KpacHospck, np-1 CBOGOAHbIN,
a. 79; PUHL ID: 1697-8392, Scopus AuthorlD: 57192673087,
WoS ResearcherlD: AGN-1565-2022, ORCID: 0000-0001-6125-
6737; vsarchenko @sfu-kras.ru.

AmwmkoB AHgper CepreeBuY — JOKTOP 9KOHOMUYECKMX HayK,
npodeccop, npodeccop kadhenpbl 3KOHOMUYECKON U HUHAHCO-
BOW 6e3onacHocTv; Cubupckuin depepanbHbii YHUBEPCUTET
(CdY); 660041, r. KpacHospck, np-1 CBo6ogHbiv, A. 79; PUHL|
ID: 4472-7067, Scopus AuthorlD: 57211160408, ORCID: 0000-
0001-7504-6503; vsarchenko @ sfu-kras.ru;

For citation: Sarchenko V.1., Yamshchikov A.S. Quality of the land
cadastre institution as a factor in increasing the efficiency of logis-
tics in the investment and construction sector. Real Estate: Eco-
nomics, Management. 2026; 3:6-10.

Ona untupoBaHus: CapyeHko B.U., SAmwmkos A.C. Quality of
the land cadastre institution as a factor in increasing the effi-
ciency of logistics in the investment and construction sector //
HepBwxumocTb: akoHOMUKa, ynpasneHune. 2026. Ne 3. C. 6-10.

7 727 Z
Gittr
~ SLTHNART G Flocfie o et

MockBsa. YcrieHckasi LiepkoBb ¢ TpaneaHor HoBoaeBuibero MoHacTbipsi. PUCYHOK, TyLLb epo



HeaBmXnMOoCTb: SKOHOMUKA, ynpaeneHune

MexayHapoaHbI Hay4HO-TEXHUYECKUI XYypHan

#3 /2026

TEMA HOMEPA

11

UDC 711.1:349.4

Current issues in harmonizing territorial
planning documents, urban zoning,
and USRR data

This paper analyzes the legal and organizational contradictions that arise when reconciling master plans and
land use and development rules with data from the Unified State Register of Real Estate (USRR). The relevance
of the study stems from the fact that these datasets were created at different times, by different agencies, and
using inconsistent technical standards and cartographic bases, which causes the graphic boundaries of territori-
al zones and settlements to systematically diverge from their cadastral and register descriptions. Such misalign-
ment not only complicates urban planning practice but also creates real obstacles to land turnover, the formation
of an investment-attractive environment, and the protection of property rights.

The author analyzes the causes of these discrepancies, among which the absence of a unified coordinate basis
and a data-verification methodology when information is transferred between agencies stands out. It is shown
that the incompleteness and inconsistency of USRR data generate systemic risks for developers, local self-
government bodies, and rights holders, inevitably leading to increased legal uncertainty and higher transaction
costs. Particular attention is paid to the specifics of synchronizing accounting and registration systems in the ter-
ritories of Russia’s new constituent entities, where former record-keeping systems have been lost and land-
surveying materials are often absent, which requires a special, phased methodology for the geodetically substan-
tiated population of the register.

The study is based on provisions of the Urban Planning Code, related federal acts, and an analysis of existing
regional practices. Key directions proposed for overcoming the identified problems include intensifying the inter-
system integration of GISOGD, FGIS TP, and FGIS EGRN, as well as the large-scale introduction of compre-
hensive cadastral works covering not only the fixing of boundaries but also their alignment with approved urban
planning documentation. It is concluded that the formation of a unified, harmonized accounting and registration
space is impossible without unifying regulatory requirements, digitally consolidating data, and developing spe-
cial coordination algorithms for regions with special integration conditions. Implementing the proposed measures
will help minimize register errors, increase the predictability of urban planning policy, and ensure sustainable ter-
ritorial development.

Keywords: territorial planning, urban zoning, USRR, register error, GISOGD, land use and development rules,
cadastral registration

Nechyotny N.Yu. -
Chubarkina I.Yu.

THE LEGAL ARCHITECTURE
OF COORDINATION: WHERE
THE CONTRADICTIONS ARISE

Three layers of information — territorial planning
documents, land use and development rules,
and USRR register data — were created at dif-
ferent times, by different agencies, and according
to different technical standards. Hence the central dif-
ficulty: a system conceived as unified is, in practice,
assembled from fragments that fit together poorly.
The Urban Planning Code of the Russian Federa-

The wording is strict, and in theory it should have
pushed municipalities to accelerate the entry of data.
In practice the effect has been mixed — in a number
of regions the pace of filling the register of boundaries
has increased, but the absolute figures are still far
from full coverage of the country’s territory.

The situation in Krasnoyarsk Krai is illustrative:
as of January 1, 2025, 1,716 settlements were offi-
cially registered, yet only 787 of them currently have
officially fixed boundaries. In 2024 alone the USRR
was supplemented with boundary data for 253 set-
tlements [3]. The trend is noticeable, but simple

tion establishes a hierarchy of documents — from ter-
ritorial planning schemes to master plans and land
use and development rules that define the boundar-
ies of territorial zones [1]. The problem is that the boun-
daries shown on the urban zoning map often exist
solely as a graphic appendix to a local self-govern-
ment regulatory act and do not coincide with the co-
ordinate description entered (or not entered) in the USRR
register of boundaries. This discrepancy is not acci-
dental — it is systemic, inherited from an era when
cartographic materials were prepared without strict
reference to the state coordinate system.

Since January 1, 2021, the legislator has attempt-
ed to close this gap: building permits may not be is-
sued in the absence of USRR data on the boundaries
of territorial zones for the relevant land plots [2].

arithmetic suggests that even at this pace, fully
closing the gap will take years — and until then,
land use and development rules will govern space
whose administrative contours are not legally fixed
in the register.

A similar picture emerges in Chelyabinsk Ob-
last. According to the regional Rosreestr depart-
ment and the Roskadastr branch, as of May 1, 2024
the USRR register of boundaries contained 4 bor-
ders between constituent entities of the Russian
Federation, 43 boundaries of municipal formations,
1,251 boundaries of settlements, and 34,838 zones
with special conditions of territory use [4]. The abun-
dance of zones with special conditions of use is not
accidental — this type of data creates the largest
number of conflicts, since such zones frequently
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overlap one another, cross the boundaries of sev-
eral municipal formations, and require coordination
among several federal agencies at once.

A separate puzzle concerns the protection zones
of cultural heritage sites. The legislator has provided
for a transition period: until January 1, 2028, such
zones are considered established even in the ab-
sence of USRR data about them, provided the zone
itself was established before January 1, 2025 [5].
The provision is reasonable from the standpoint of
protecting historical and cultural heritage, but it also
preserves a state of legal uncertainty for several
more years — a developer working near a cultural
heritage site cannot verify the current boundaries of
the protection zone through the open register and
must apply directly to the municipality’s architec-
tural department.

ORGANIZATIONAL AND TECHNOLOGICAL
GAPS BETWEEN INFORMATION SYSTEMS

A caveat is in order here: the problem is not
purely legal — it is equally technological. Data on
territorial planning is prepared and stored in state
information systems for urban planning activity
(GISOGD) [6], while register data is maintained in
the federal state information system USRR (FGIS
EGRN) [7]. Formally these systems are supposed to
exchange data automatically; in practice, interac-
tion remains fragmentary.

As noted in an analytical publication on the dig-
ital transformation of urban planning activity, USRR
data is necessary for preparing land use and devel-
opment rules, territory planning and surveying proj-
ects, and urban planning plans for land plots, which
is why it is important to ensure interaction between
GISOGD and FGIS EGRN [8]. Moreover, the au-
thors explicitly state that it is advisable to establish
intersystem interaction between GISOGD and FGIS
EGRN that would eliminate duplicate work on plac-
ing data about the boundaries of settlements, terri-
torial zones, and zones with special conditions of-
territory use. The word “advisable” here is notable
in itself — years after the launch of digitalization in
the urban planning sector, the matter is still framed
as a recommendation rather than a completed inte-
gration loop.

Duplicated work is not an abstraction. In prac-
tice it means that a municipal official enters a territo-
rial zone boundary into GISOGD, and then — often
in a different coordinate system or with different pre-
cision — the same boundary is described by a ca-
dastral engineer for entry into the USRR register of
boundaries [9]. Two descriptions of the same ob-
ject, prepared independently of one another, rarely
coincide exactly. This is the source of register er-

rors, overlapping boundaries, and litigation be-
tween neighboring landowners.

The causes of boundary discrepancies are sys-
tematically catalogued in the literature on register
errors: distortion of land plot characteristics arises
from unreliable data entered into the USRR during
electronic document transfer, as well as from
the difference between “technical” and “register”
errors, which require different correction proce-
dures [10]. Technical errors made by the registration
authority are corrected through a simplified proce-
dure within a few business days; register errors,
however, inherited from incorrectly prepared land-
management or urban planning documentation, of-
ten require litigation and a repeat geodetic survey.

An inverse relationship can also be observed:
the more actively a region carries out comprehensive
cadastral works, the less frequently boundary-over-
lap disputes arise afterward. Saratov Oblast shows
a fairly steady dynamic in this respect — in 2026
alone, the regional Roskadastr entered over 200
boundary records, and the press release notes that
transparent information about boundaries and zones
significantly facilitates real-estate transactions, since
buyers and sellers can be confident that there are no
unresolved boundary disputes [11]. The statement
sounds optimistic, but it is fair only for those plots
whose boundaries have already gone through
the clarification procedure — and, judging by
the Krasnoyarsk and Chelyabinsk statistics, such
plots are still a minority.

How specific is this problem to the Russian legal
system, rather than being a universal consequence
of multi-level territorial governance? The question is
partly rhetorical, but the answer matters: a decen-
tralized model, in which master plans are approved
by municipalities while cadastral registration is main-
tained by a federal body, objectively requires more
complex synchronization mechanisms than unitary
systems of real-estate accounting. This is not a justi-
fication for delays, but an explanation of their struc-
tural nature.

THE SPECIFICS OF NEW CONSTITUENT
ENTITIES AND PROSPECTS FOR DATA
HARMONIZATION

The formation of a unified accounting and regis-
tration space in the territories of the Donetsk Peo-
ple’s Republic, the Luhansk People’s Republic, and
the Zaporizhzhia and Kherson regions deserves
separate discussion. Integrating these constituent
entities into the legal space of the Russian Federa-
tion involves not only extending the norms of the Ur-
ban Planning Code to them, but also gradually popu-
lating the USRR with reliable data on the boundaries
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Measures

Technological integration
GISOGD, FGIS TP, FGIS EGRN

Outcome

Comprehensive cadastral works
Mass boundary clarigication

Unified registration

Revised ZOUIT methodology space
Transition period until 2028
GISOGD + FGIS TP + FGIS EGRN
result of synchronization
Municipal accountability
Coordination before approval of LUDR
Methodology for new regions
DPR, LPR, Zaporizhshia, Kherson regions
N
Fewer register Predictable Lower transaction
errors planning policy costs

Conceptual model for harmonizing territorial planning and USRR data

of settlements, municipal formations, and territorial zones — work
that other regions of the country have carried out over decades.

The task is complicated by the fact that pre-war territorial plan-
ning documentation in these territories was prepared according to
different technical standards and in a different coordinate system.
Transferring such materials into the Russian regulatory framework
requires not mechanical copying but full-scale updating — includ-
ing geodetic work, establishing boundaries in accordance with
the requirements of the order on describing the location of territorial
zones, and subsequent registration in the federal system. This pro-
cess naturally takes time; comparable tasks in well-established
Russian regions, as the Krasnoyarsk Krai statistics show, take years
to resolve even with a fully developed institutional base.

Sequence matters more than speed here. Forcing the entry of ap-
proximate, unclarified boundaries can create even more problems
than a temporary absence of data in the register — accumulated ex-
perience in correcting register errors in regions with a long history of
registration (a characteristic example being the case of a gardening
partnership in Khabarovsk Krai, which required a special methodology
to correct the location of a plot’s boundaries) clearly demonstrates
the cost of haste. A reasonable strategy for the new regions is the par-
allel conduct of territorial planning procedures and cadastral registra-
tion, synchronized through unified geodetic networks, rather than a se-
quential, drawn-out filling of the register “on a residual basis”.

As for the directions for improvement across the country as
a whole, several interrelated lines can be identified (Fig.):

e technological integration of GISOGD, FGIS TP, and FGIS
EGRN into a single data-exchange loop, eliminating repeated
entry of the same coordinate descriptions by different per-
formers;

e expanding the practice of comprehensive cadastral works,
which allow the boundaries of a significant number of land
plots within a single cadastral block to be clarified simultane-
ously, rather than on an application-by-application basis;

e revising methodological approaches to describing zones

with special conditions of territory use, taking into account
the transition period established until January 1, 2028, in or-
der to avoid “accumulating deferred obligations” to enter data
2,

e strengthening the accountability of local self-government bod-
ies for the timely coordination of the graphic materials of land
use and development rules with register data prior to their of-
ficial approval [13].

None of these points looks revolutionary on its own — all of them
essentially develop mechanisms already embedded in the legisla-
tion. Their combined effect, however, could change the very logic of
interagency interaction: instead of correcting accumulated discrep-
ancies after the fact, preventing their emergence at the stage of pre-
paring documentation. How realistic such a scenario is in the me-
dium term is a question that is difficult to answer unambiguously
today; some regions, judging by the pace of filling the register of
boundaries, show noticeable progress, while others still lag behind,
and there is not yet enough data for a uniform assessment across all
constituent entities of the Federation.

Legal scholarship also records a broader systemic effect of
the accumulated shortcomings of urban planning legislation: they
generate legal uncertainties and risks that are ultimately passed on
by developers to end buyers of real estate, while systemic defects
in the preparation of urban planning documentation slow the devel-
opment of municipal territories over time [14]. The formulation is
harsh, but it reflects the opinion of specialists who work directly with
the practice of preparing land use and development rules, rather
than an abstract assessment.

Recent practice also demonstrates the opposite tendency —
a strengthening of Rosreestr's oversight functions in providing
methodological support to regions in correcting register errors iden-
tified through registration actions and citizens’ appeals [15]. This
indirectly confirms that the problem is recognized at the federal
level and response mechanisms are being formed; the only question
is the speed of their practical implementation at the municipal level.
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CONCLUSION

The analysis shows that the discrepancies between territorial
planning documents, urban zoning, and USRR data have a complex
nature — legal, organizational, and technological at once. A signifi-
cant share of settlements and territorial zones in various constituent
entities of the Russian Federation still lack legally fixed boundaries
in the register, as confirmed by the statistics of Krasnoyarsk and Che-
lyabinsk Krais for 2024-2025. The absence of fully automatic syn-
chronization between GISOGD, FGIS TP, and FGIS EGRN forces
participants in urban planning activity to manually reconcile data
from different systems, which naturally increases the risk of register
errors.

The practical significance of the findings presented lies in sub-
stantiating priority directions for improving accounting and registra-
tion practice — from accelerated integration of information systems
to the introduction of comprehensive cadastral works as the pri-
mary tool for the mass clarification of boundaries. Particular atten-
tion is required for the specifics of forming a unified register space
in the territories of the Donetsk and Luhansk People’s Republics
and the Zaporizhzhia and Kherson regions, where the process of
populating the USRR with reliable data is at an early stage and re-
quires a methodologically sound, phased approach.

Further research should be focused on the quantitative assess-
ment of the economic consequences of misalignment between reg-
ister and urban planning data for investment activity in the con-
struction industry, as well as on a comparative analysis of regional
practices for populating the USRR register of boundaries with
a view to identifying the most effective organizational models.
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ABTOPOM aHanM3npyTCs NPUYMHbI BO3HUKHOBEHMS MOJ0OHbIX
pacxoXAeHWN, B YNCIE KOTOPbIX BbIAENAETCA OTCYyTCTBUE €Au-
HOW KOOPAMHATHOW OCHOBbI 1 METOAUKN BEpUMKaALIMN OaHHbIX
npu nepegade ceefeHuii Mexay BegoMcTBamu. [JokasbiBaeT-
Csl, YTO HEMONHOTa M MPOTUBOPEYNBOCTb AaHHbIX EFPH nopo-
XKOAIT CUCTEMHbIE PUCKW AN 3aCTPOMLLNKOB, OPraHOB MECTHO-
ro camoyrnpasfieHuns 1 npaBoobnagarenen, Hen3bexxHo NpMBoas
K MOBbILLEHWNIO MPABOBOW HEONPEOENEHHOCTU U POCTY TpaH3ak-
LIMOHHbIX n3pepxek. Ocob6oe BHUMaHWE B paboTe yaesieHo cre-
LUMrKe CUHXPOHN3ALUN YHETHO-PErnCTPaLMOHHBIX CUCTEM Ha
TeppuTopuax HoBbIX cy6bekToB Poccuickon depepaumu, roe
NpeXHWe CUCTEeMbI [ENONPON3BOACTBA YTPAY€EHbl, @ MaTepuarbl
MeXeBaHWUsi 3a4acTylo OTCYTCTBYIOT, YTO TpebyeT ocobou, Noa-
TanHou MeTO[0NI0rnM reoe3nyecku 060CHOBAHHOIO HamnosHe-
HUs peecTpa.

B ocHOBe mnccnepoBaHusa nexar nofioxeHus MpagocTtpouTenb-
HOro Kofekca, CMexXHble dpefiepasibHble akTbl, a TaKXe aHanus
CYLLECTBYIOLUUX pervoHanbHbIX NpakTuk. B kayecTse knio4ve-
BbIX HanpaBfIEHUI MPEOAONEHUS BbISIBIIEHHbIX NPO6MEM Npea-
flaralTcsa akTMBM3aumsa MeXcUcTeMHon nHTerpaumm MMCOrm,
®Or1C TN n ®IrMC ErPH, a takxe maclwtabHoe BHeApeHMe
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KOMMMJIEKCHbIX KaaacCcTpPOBbIX pa60T, OXBaTblBakOLUX HE TOJIBKO
UKCaLMIO FPaHuL, HO 1 UX YBA3KY C YTBEPXAEHHOW rpagocTpo-
UTenbHOM fokyMeHTauuen. CaenaH BbiBog, YTO hOpMUpPOBaHME
€[MHOro rapMoHU3MPOBaHHOMO YHETHO-PErUCTPALMOHHOMO MpPO-
CTpaHCTBa HEBO3MOXHO 6e3 yHUDUKaLmM HOPpMaTUBHBIX TPe6o-
BaHWN, UMPOBON KOHCONUAALIMN AAHHbIX U BbIpA6OTKM Cnewuu-
allbHbIX aniroOpUTMOB corjlacoBaHUa O permMoHoB C 0Ccob6bIMU
yCnoBUaMU nHTEerpaunn. Peanmsauvm npennoXxeHHbIX Mep no-
3BOJSIUT MUHUMWN3NPOBATbL PEECTPOBLIE OLLUMOKK, MOBLICUTL MPO-
rHO3MPYEMOCTb FPafOCTPOUTENIBHON MOMIMTUKM U 06ECnednTb
YCTOWYMBOE pa3BUTUE TEPPUTOPUIA.

KnroyeBble cnoBa: TepputopnasibHoe niaHupoBaHue, rpaso-
cTpoutenbHoe 3oHupoBaHune, EMPH, peecTpoBas oLumnbka,
TMCOr[, npasuna 3eMnernonb30BaHUs 1 3aCTPOVKU, KagacTpo-
BbIV y4HeT
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Impact of zones subject to special
land-use conditions on the cadastral
valuation of land plots

The article summarizes the current regulatory provisions and research approaches to accounting for zones with
special territorial use conditions in land cadastral valuation. The aim of the paper is to systematize the factors
through which such restrictions can affect land value and to compare the approaches presented in Russian and
foreign studies. The review covers Russian land legislation, regulatory acts on cadastral valuation, methodologi-
cal recommendations of Rosreestr, domestic studies of plots located in zones with special use conditions, as well
as international studies devoted to land use restrictions, protected areas, territories associated with airports, and
other spatial determinants of real estate value. Comparative analysis, thematic classification, and synthesis of lit-
erature were used in the work. The review shows that the mere presence of a zone with special use conditions
does not determine either the direction or the magnitude of the impact on cadastral value. The result depends
on the legal regime, permitted use, the share and configuration of the limited part of the plot, opportunities for de-
velopment, additional costs, and the local market conditions. Some restrictions may reduce the value of the di-
rectly affected plot, while proximity to natural, historical, or infrastructure facilities may create a separate positive
or negative locational effect. The obtained results confirm the need for a differentiated approach to zones with

special use conditions and for market-based justification of adjustments in state cadastral valuation.
Keywords: cadastral value, state cadastral valuation, land plot, zones with special conditions for territorial use,
land use restrictions, mass valuation, pricing factors, real estate market

he cadastral value of a land plot is used for
I property taxation, calculating certain pay-
ments, and in other cases established by law.
Therefore, the reliability of the results of the state ca-
dastral valuation largely depends on how correctly
the characteristics of the object that are actually rele-
vant to the market are taken into account. For land
plots, such characteristics include, among other
things, usage restrictions that arise when zones with
special conditions for the use of territories (ZSCUT)
are established.

ZSCUT are established to address publicly sig-
nificant tasks: ensuring the safe operation of engi-
neering and transport facilities, protecting the popu-
lation, preserving the natural environment, conserv-
ing cultural heritage, and for other purposes. As a rule,
the land plot itself is not seized from the right holder,
but the scope of its permissible use may change sig-
nificantly. Depending on the type of zone, restrictions
affect construction and reconstruction, earthworks,
the placement of certain facilities, agricultural use,
and other forms of economic activity [1].

From the perspective of cadastral valuation, dif-
ferent types of special use zones and special pro-
tection zones cannot be considered economically
homogeneous. The protection zone of a linear facil-
ity, the sanitary protection zone, the water protection
area, and the cultural heritage protection zone differ
not only in their legal grounds but also in the nature
of their impact on the land plot. The same restriction
may have a different impact on value depending on
the permitted use and the intended development of
a particular property.

The connection between the zone of special
use and the cadastral value is directly enshrined in
the legislation on state cadastral valuation. Federal

Law No. 237-FZ provides for consideration of infor-
mation about whether a land plot is located within
the boundaries of such a zone in terms of its possi-
ble impact on the value [2]. The methodological
guidelines of Rosreestr also allow for taking into ac-
count land rights restrictions caused by the zone of
special use and applying reasonable adjustments
to plots with individual characteristics [3]. Thus,
regulatory regulation focuses the appraiser not on
automatic cost reduction, but on the preliminary de-
termination of the fact and magnitude of the cost
effect.

The scientific literature considers the impact of
ZSCUT on the value of land as a complex problem
in which legal restrictions are related to the spatial
characteristics of the site and its economic use. In
domestic studies, infrastructural constraints are
analyzed through the category of negative exter-
nalities and their possible reflection in the value of
land [4]. A separate area is related to the assess-
ment of the protection regimes of cultural heritage
sites and their impact on the use of land [5].

The purpose of this paper is to summarize
the existing approaches to assessing the impact
of land use and land management zones on the ca-
dastral value of land plots. The focus is on the regu-
latory grounds for accounting for such zones and
the main channels through which they affect value,
which arise when using the relevant factors in mass
valuation.

MATERIALS AND METHODS

The review was carried out in stages. First,
a database of sources was compiled, including
regulatory documents and scientific publications
directly related to land use restrictions and their
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cost-related consequences. When selecting sourc-
es, the following factors were taken into account:
thematic relevance, the presence of a description of
the method used, and the possibility of correlating
the authors’ conclusions with the tasks of state ca-
dastral valuation.

The regulatory section was supplemented with
documents necessary to verify the legal status of
the information describing the zone of special land
use and its restrictions. Federal Law No. 218-FZ
was used in relation to information about the regis-
tered boundaries of the zone and restrictions on
the use of real estate [6]. Federal Law No. 342-FZ
was taken into account when analyzing the transi-
tional features of establishing protected areas and
land use restrictions and entering the relevant infor-
mation into state registers [7].

Scientific publications were grouped by subject
matter: infrastructure and environmental restrictions,
protection of cultural heritage, territories of transport
facilities, and spatial external effects. The sources
were compared based on the nature of the restriction,
the mechanism of its possible impact on value, the as-
sessment method used, and the state of the market.
To link these approaches with the tools of mass valua-
tion, an additional study of correlation-regression
analysis of real estate was considered [8]. The work is
of a review nature: foreign results are used to com-
pare economic mechanisms and methods, rather
than to directly transfer the adjustments obtained by
the authors to Russian practice.

RESULTS

ZSCUT in the state cadastral valuation system.
Land legislation establishes various types of ZSCUT
to protect the population, ensure the safe operation
of facilities, and safeguard the environment and cul-
tural heritage [1]. Restrictions within the boundaries
of such zones relate to the use of land and real es-
tate, as the relevant activities may contradict the ob-
jectives of the established regime. The economic
rationale for the property owner is to preserve
the object itself while potentially reducing the num-
ber of permissible ways to use it.

Federal Law No. 237-FZ refers the information
and location of the site in the ZSCUT to the informa-
tion to be considered when determining the cadas-
tral value [2]. The guidelines establish an exception
to the general approach to encumbrances: restric-
tions on land rights that arise in accordance with
land legislation, including as a result of the estab-
lishment of ZSCUT, can be taken into account in
the assessment [3]. If the site has features that are
not typical for the main set of objects, appropriate
reasonable adjustments may be applied.

For practice, the conclusion follows from this:
the presence of a ZSCUT in itself should not turn
into a universal cost-reducing feature. The assess-
ment should determine whether a particular regime
has an independent impact on the market attrac-
tiveness of the site and whether this impact is con-
firmed by the data of the segment in question. In
the absence of such confirmation, the adjustment
can only artificially change the result of the cadas-
tral assessment.

The main source of information about the zones
is the Unified State Register of Real Estate (USRRE),
which records their boundaries, details of solutions,
and usage restrictions. Combining these data with
the contours of land plots can be performed in GIS
and is convenient for mass assessment. At the same
time, the spatial intersection is only the starting
point of the analysis: two sites with the same share
of the ZSCUT territory may differ markedly in terms
of the remaining possibility of development and ac-
tual use.

The main mechanisms of the impact
of ZSCUT on the value of land plots

Summarizing the publications allows us to iden-
tify several main mechanisms of the impact of
ZSCUT on the cost. The first is related to the reduc-
tion of acceptable use cases: if the regime excludes
the most demanded development scenario, the eco-
nomic opportunities of the site decrease. This is es-
pecially noticeable where the price depends on
the possibility of construction or the intensity of use.

The second mechanism is related to the param-
eters of the development. The restriction may reduce
the area suitable for development, introduce require-
ments regarding height and setbacks, or worsen
the layout scheme; therefore, not only the area of
the zone matters, but also its position within the plot.
The third mechanism generates additional costs
for approvals, protective measures, surveys, and
changes to design solutions. Even if the permissible
use is maintained, the increase in costs and the time
required for development can affect the price.

The fourth mechanism is related to the uncertain-
ty of the project implementation: the risk of complica-
tions in obtaining approvals and permits can reduce
demand and affect price expectations. In a mass
assessment, such an effect is especially difficult to
separate from other characteristics of an object.

At the same time, the legal effect of the ZSCUT
must be separated from the independent influence
of the regime-forming object and the surrounding
territory. For engineering infrastructure, this distinc-
tion is especially important because of the combi-
nation of usage restrictions and possible location

Beliakov S.I.
Orlov A.K.

Beliakov

Sergei Igorevich,

Doctor of Economic Sciences,
Associate Professor, Professor of
Department of Construction Organi-
zation and Real Estate Management;
Moscow State University of Civil
Engineering (National Research
University) (MGSU); 26 Yaroslavs-
koe shosse, Moscow, 129337, Rus-
sian Federation; ID RSCI: 587836,
Scopus AuthorlD: 39763951700,
ORCID: 0000-0001-5179-737X;
BelyakovSI@mgsu.ru

Orlov

Alexandr Konstantinovich,
Candidate of Economic Sciences,
Associate Professor, Associate
Professor of Department of Con-
struction Organization and Real
Estate Management; Moscow State
University of Civil Engineering
(National Research University)
(MGSU); 26 Yaroslavskoe shosse,
Moscow, 129337, Russian Fed-
eration; ID RSCI: 400958, Scopus
AuthorlD: 57192545943, WoS
ResearcherlD: AAH-8610-2019,
ORCID: 0000-0003-1800-5478;
orlovak@mgsu.ru



#3 /2026 MexxayHapoHbIN Hay4HO-TEXHUYECKUIA XXypHarn HeoBmX1UMOCTb: SKOHOMMKA, ynpaBneHne

JKOHOMMKA N MEHEAXMEHT HEABUXXUMOCTH

18
[ 2 Generalized characteristics of the impact of certain types of land use and land management zones on the cadastral value of land plots

Zone group Typical restrictions Possible impact on the cadastral value
Security zones of engineering | Restrictions on construction, earthworks, | Reduction in cost due to loss of opportunity,

Factors that need to be separated

The positive effect of infrastructure

and transport facilities and other work, safety requirements

fragmentation of the plot, or additional expenses | provision and transport accessibility

Restrictions on certain types of use, re-
quirements for the placement of facilities,
and development parameters

Sanitary protection and
near-airfield areas

Possible discount for residential, recreational, | Noise, emissions, and the availability
and other sensitive types of use

of transport infrastructure

Water protection and environ- | Limitations of economic activity and
mental protection zones development intensity

From a neutral to a negative effect on the bur- | Proximity to water and green spaces,
dened part of the plot

recreational appeal, risk of flooding

Cultural heritage protection
zones

Restrictions on construction, reconstruc- | Reduction with a significant limitation on the
tion, height limitations, and architectural | scope of application; the effect depends on the
solutions segment

The value of the historical environment,
its centrality, and its tourist appeal

The totality of various prohibitions and

Several intersecting ZSCUT .
requirements

The risk of a more significant limitation on use,
but not necessarily the total amount of individu-
al discounts

Duplication of prohibitions and
the overall residual potential for use

advantages. In natural areas, the legal regime operates simultane-
ously with noise and other physical effects, which also affect real
estate prices [9]. A similar principle applies to natural and historical
territories: the characteristics of the surrounding environment
should be considered separately from the restriction itself.

The influence of individual groups of land use and land man-
agement zones. The direction and intensity of the cost effect de-
pend primarily on the purpose of the zone and on how the restric-
tions affect the actual or potential use of a particular site. The main
patterns identified in regulatory sources and scientific publications
are summarized in Table.

Protected areas of engineering infrastructure in Russian studies
are often considered through the concept of negative infrastruc-
tural externalities. E.N. Bykova links the possibility of cost reduction
with restrictions on activity, violation of the spatial integrity of the site
and other consequences of the presence of a regime-forming facil-
ity [4]. At the same time, the infrastructure itself is capable of im-
proving the quality of the location, therefore, when analyzing prices,
it is necessary to separately take into account the inconveniences
of the security regime and the advantages of the proximity of com-
munications.

For sanitary protection and airfield areas, the impact is formed
by several circumstances at once: restrictions on sensitive uses by
the physical impact of the facility itself. Batog and co-authors show
that changes in housing prices near regional airports are simultane-
ously associated with noise levels and land-use restrictions [9].
In relation to cadastral valuation, this confirms the need to distin-
guish between the legal regime and the characteristics of the envi-
ronment.

Water protection zones particularly clearly demonstrate the diver-
gent nature of the factors. The work by D.A. Shapovalov and co-au-
thors examines the impact of water protection restrictions on cadas-
tral value [7]. At the same time, being located near water can increase
the attractiveness of a plot, while the legal regime simultaneously re-
stricts certain types of economic use [10]. As a result, the observed
price reflects a combination of at least two different effects.

A similar situation is typical for protection zones for cultural
heritage sites. |.S. Dyachkova examines the impact of protection
regimes on commercial land [5], and, together with K.M. Karadzhy-
an, on plots for individual housing construction [6]. Restrictions on
construction parameters can reduce the potential for development,
but the influence of the historical environment should be taken into
account separately from the legal regime itself. The same issue is
examined in I.S. Dyachkova’s English-language work, using data

from a low-activity market of individual housing construction par-
ticipants [11, 12].

Approaches to quantitatively assessing the impact
of ZSCUT in Russian literature

Russian publications show that the method of accounting for ZS-
CUT is largely determined by the market saturation and the quality
of the source data. E.N. Bykova’s study examines a differentiated
approach: with a sufficient number of observations, the impact of
restrictions can be identified using statistical methods; in conditions
of a shortage of transactions, comparisons of encumbered and un-
encumbered plots, as well as qualimetric and expert-analytical pro-
cedures, may be used [4]. The analysis includes not only the mere
fact of the zone's presence but also the spatial characteristics
of the plot.

Further development of this area is linked to the automation of
assessing infrastructure constraints. E.N. Bykova and co-authors
examine the use of information technologies to take into account
negative externalities when determining land value and draw atten-
tion to the need to align the choice of method with the state of
the market. For state cadastral valuation, this conclusion is particu-
larly significant, since one model is applied to a large number of
objects, and the volume of available market data varies across dif-
ferent segments [13].

|.S. Dyachkova’s study presents various approaches to assess-
ing the impact of protecting cultural heritage sites: the use of fuzzy
set theory, analysis of individual housing plots, and a comparative
approach for a low-activity market. This shows that the choice of
method depends on the nature of the restrictions and the availabil-
ity of market data. For mass cadastral valuation, it is preferable for
the existence of a value effect to be statistically confirmed. With
a sufficient specimen of plots with a certain type of restriction,
the relevant factor can be tested in the model simultaneously with
location, area, permitted use, and other characteristics. If there are
not enough observations, a single dummy variable may turn out to
be unstable. In this case, it becomes more justified to aggregate
homogeneous groups or to consider atypical objects separately.

The work by I.F. Gareev and T.A. Akhmatgaliev is not directly
focused on ZSCUT, but it is of interest for this topic as an example
of the development of regression tools for mass valuation and
the use of large datasets on real estate [8]. It is only possible to
isolate the independent effect of a specific restriction in a model
where other significant price-forming characteristics are simultane-
ously controlled.
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DISCUSSION

Foreign studies on land-use restrictions
and spatial effects

There is no direct analogue of the Russian ZSCUT category in
foreign law, but the international literature contains a significant
body of research on land-use restrictions, conservation easements,
protected open space, zoning regulations, and other land-use reg-
ulation regimes. Their value for the topic under consideration lies
primarily in the methods for identifying how restrictions and environ-
mental characteristics are reflected in real estate prices.

Anderson and Weinhold link the value effect of conservation
easements to the loss of rights to future development and land
use [14]. The very principle of this approach is important for the anal-
ysis of land use and zoning regulations: it is not the formal presence
of a restriction that matters, but the economic value of the use sce-
narios that become unavailable. The more significant the lost devel-
opment potential, the higher the likelihood of a noticeable impact
on the value.

Studies of open spaces reveal another side of the issue.
Geoghegan shows that the characteristics of open space can be
capitalized into the value of residential real estate [15]. Irwin and
Bockstael emphasize the difficulty of separating spatial external ef-
fects from other location factors and point to the problem of endoge-
neity [16]. For land use planning, this means that a change in price
cannot be automatically linked to the legal regime if there is an ob-
ject nearby that in itself affects the attractiveness of the territory.

Yoo and Ready examine the impact of agricultural conservation
easements on the value of neighboring houses, taking into account
spatial autocorrelation and territorial heterogeneity [17]. Zhang and
co-authors document the dependence of the effect of forest con-
servation easements on the spatial location of the objects [18].
These results show that the model parameters must be calibrated
locally, and transferring coefficients between territories without
re-verification may lead to erroneous conclusions.

Taken together, foreign publications confirm two points that are
important for Russian cadastral valuation. Land-use restrictions can
indeed be reflected in the market price, but the magnitude and
even the direction of the effect depend on a combination of the le-
gal regime, the lost use potential, the spatial environment, and
the characteristics of the local market. Therefore, a single adjust-
ment applied outside of the analysis of a specific segment does not
agree well with the results of the studies reviewed.

Methodological problems of accounting for ZSCUT
in mass assessment

Based on the results of the review, a number of problems can
be identified that directly affect the quality of ZSCUT accounting in
the state cadastral assessment. The first concerns the source data.
One contour of the zone in the Unified State Register of Real Estate
(USRRE) is not enough: for economic interpretation, it is necessary
to know the current regime, the date of its establishment and
the content of specific restrictions. Spatial information without a legal
context does not allow determining the consequences for the use
of the site.

The second problem is related to partial overlap. The share of
the plot area within the boundaries of the land use zone is impor-
tant, but it does not fully characterize the effect. For land intended
for development, the position of the limited part, the preservation of
a rational construction footprint, access roads, and utility connec-
tions may be decisive. For agricultural land, technological integrity

and the ease of processing the remaining territory are more impor-
tant. Therefore, the same percentage of overlap can be accompa-
nied by different cost outcomes.

The third problem arises when several zones overlap. If differ-
ent regimes prohibit the same action in the overlapping territory,
the sequential application of several downward adjustments will
lead to the repeated accounting of the same consequence. In such
a situation, it is necessary to analyze the residual set of actually
available ways to use the site, rather than the number of registered
ZSCUT themselves.

The fourth problem is the lack of market observations. For rare
types of zones and low-activity segments, a statistically stable co-
efficient may be unattainable. Under such conditions, Bykova con-
siders comparative and expert-analytical methods for assessing
the impact of restrictions [4]. Dyachkova proposes a methodologi-
cal approach focused on addressing the situation of a lack of direct
market observations [5]. Overall, the use of such methods requires
a transparent description of the underlying assumptions and cau-
tion to ensure that the expert assessment does not create an im-
pression of excessive precision.

The fifth problem is related to the choice of the indicator through
which the influence of the zone is introduced into the model. This
could be a binary feature, the share of overlap, the type of legal
regime, the distance to the regulatory object, or another character-
istic. The most informative option depends on the segment: for
residential development, it is more important to limit construction
parameters, for agricultural land — to preserve technological integ-
rity, for commercial land — the permissible intensity of use.

Finally, it is necessary to take into account the limitation itself
and the characteristics of the environment separately. Combining
cadastre, GIS, and market information seems promising. The pos-
sibilities of automating spatial constraint analysis are considered by
Bykova and co-authors [13], and the development of regression
tools for mass assessment is considered by Gareev and Akhmet-
galiev [8]. Spatial methods can be used to calculate additional vari-
ables, while statistical analysis can determine whether they are re-
flected in prices.

CONCLUSIONS

A synthesis of regulatory sources and scientific publications
shows that the impact of land use zones on cadastral value cannot
be described by a single universal coefficient. Differences in the pur-
poses for establishing zones, the composition of prohibitions, and
the consequences for land use mean that the same fact of a plot
being within the boundaries of a land use zone may have different
economic significance.

The most significant characteristics include the type and sever-
ity of the regime, the permitted and actual use of the plot, the area
and configuration of the restricted part, the possibility of major con-
struction, the resulting additional costs, and the state of the local
market. The impact of the framework-forming object and the sur-
rounding territory should be considered separately, as it may not
align in direction with the effect of the restriction itself.

Russian literature describes statistical, comparative, expert-
analytical, and qualimetric methods for accounting for restrictions.
The choice between them is determined by market activity and
the quality of the initial data. Foreign studies complement this pic-
ture, showing the significance of lost use potential, spatial hetero-
geneity, and external effects in assessing the consequences of
land-use regulation.
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For state cadastral valuation, a step-by-step approach appears
to be the most consistent: first, the content and spatial scope of
the restriction are established, then its impact on the actual possi-
bilities for using the plot is determined, after which the presence of
a value effect is verified based on market data. If there is insufficient
information, atypical objects require a separate analysis. The use of
pre-defined universal discounts in such conditions increases
the risk of distorting the cadastral value.

Further improvement of the accounting of land use and zoning
restrictions is primarily related to improving the quality of informa-
tion about zone regimes, developing GIS analysis, and accumulat-
ing market data on plots subject to various types of restrictions.
Expanding such a database will make it possible to more accu-
rately identify the independent effect of land use and zoning restric-
tions and to increase the validity of the results of state cadastral
valuation.
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3ems1enosib30BaHNs, OXpaHAeMbIM TEPPUTOPUAM, TEPPUTOPUAM,
CBfI3aHHbIM C @3ponopTamu, U ApyruM NPOCTPaHCTBEHHbIM Je-
TEPMUHaHTaM CTOMMOCTW HEABWXMMOCTU. B xoae paboTbl npu-
MEeHANNCb CpaBHI/ITerIbeIVI aHanna, TeMmatTndyeckas KJ'IaCCVIq)VIKa-
umns n obobLieHve nutepatypbl. O630p NokasbiBaeT, YTO camo
no ce6e Hann4yne 30HbI C 0CO6bLIMM YCNOBUAMWN NCMOMb30BAHUSA
He onpefensieT HY HanpaBfeHVe, HU BeNNYUHY BAUSHUA Ha Ka-
[acTpOBYHO CTOMMOCTb. Pe3ynbrar 3aBUCKT OT MPaBOBOro PexXu-
Ma, pas3peLLeHHOro UCronb30BaHns, JONN U KOHUrypauum or-
PaHNYEHHON 4acTy y4acTka, BO3MOXHOCTEN AN pa3BuTus, fo-
MOJIHUTESbHbIX 3aTPaT U KOHBIOHKTYPbl MECTHOIO pblHKa. Heko-
TOpble OrpPaHNYeHUst MOTYT CHUXXaTb CTOMMOCTb HEMOCPEeACTBEH-
HO 3aTPOHYTOro y4acTka, B TO BPeMsi Kak 6/1M30CTb K NPUPOA-
HbIM, UICTOPUYECKUM 06BbEKTAM UM 0O6bEKTaM MHPPACTPYKTYpPbI
MOXET CO3AaBaTh OTAENbHbIV MOMOXUTENbHBIV UK OTPULLATENb-
HbIN NTOKaLMOHHBIN 3P eKT. MNonyyYeHHble pesynbTaTbl NoATBep-
XKOAT HE06X0ANMOCTb AN dEePEHLMPOBAHHOMO Noaxoaa K 30-
HaM C 0CO6bIMW YCIIOBUAMW UCMOMb30BaHNA Y PIHOYHOIO 060-
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CHOBaHMWS KOPPEKTUPOBOK MPW rocyaapCTBEHHOM KafacTpoBOW
OLIEHKE.

KnroueBble cnoBa: kagactpoBasi CTOMMOCTb, FOCYAapCTBEHHAs
KapgacTpoBasi oleHKa, 3eMeJsibHbIN y4acToK, 30Hbl C 0COObLIMM
YycrioBUSAMU UCTIOJIb30BaHWs TePPUTOPUN, OrpaHnYeHns B 3emsie-
0/1b.30BaHUM, MaccoBasi OL€HKa, LJeHOBbIE (haKTOPb!, PbIHOK HE-
ABVXUMOCTU
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Identifying markers of conflict potential
in the context of seamless implementation
of construction projects

The paper focuses on the analysis of specific conditions that lead to an increase in the number of disputes and
the escalation of conflicts among participants in investment and construction activities, which the author has iden-
tified as markers of conflict potential. The main goal of identifying these markers is to launch a mechanism for
managing disputes and disagreements in projects based on mediation approaches. It is particularly noted that
each stage of project implementation is characterized by certain markers of conflict potential, both at the external
and internal levels. The following types are identified: regulatory (amendments in legislation), geopolitical (esca-
lation of international relations), organizational and managerial (management processes within the corporation),
communication (interaction among project participants), contractual (legal framework of the project), information-
al (platform solutions), production and technological (continuity of the process), as well as markers of judicial and
non-judicial settlement of disputes. It is concluded that the proposed markers are mutually reinforcing, and their
impact on the project implementation process is not equal. At the same time, a preventive component of the ac-
tivities of specialized commissions has been identified, which consists in identifying and analyzing the designat-
ed markers of conflict potential in order to modify contractual obligations if necessary. It is precisely this format of
expert support for projects that best aligns with modern concepts of a horizontal model of cooperation. The con-
clusions and results obtained can contribute to the development of constructive partnerships in the implementa-
tion of projects and the adoption of preventive measures to significantly reduce the level of conflict in investment

and construction sector.

Keywords: markers of conflict potential, the mechanism of managing disputes and disagreements, expert sup-

port, the level of conflict potential

INTRODUCTION

urrently, amid external challenges and crises,

flexible horizontal models of cooperation

based on the use of conciliation mechanisms
and effective management of disputes and disagree-
ments in project implementation are becoming par-
ticularly relevant. The developments used in this
field, such as the PMBOK Extension for the construc-
tion industry, the standard forms of contracts drafted
by the International Federation of Consulting Engi-
neers (FIDIC) [1], GOST 71177-2023 [2], etc., are
based on mediation approaches aimed at reducing
conflict in both economic activity as a whole and
the construction industry (taking into account that
construction disputes are among the most amenable
to mediation), and, as a result, the creation of a frame-
work for ensuring a favorable business climate, tak-
ing into account the certain inequality of project par-
ticipants.

The selection of specific methods for resolving
disagreements and the activation of a dispute and
disagreement management mechanism in practice
should be carried out in the event of certain condi-
tions that lead to an increase in conflict potential [3].
We define these specific conditions as markers of
conflict potential. They are, in a sense, signals that
prompt the participants in the project cycle to ana-
lyze and choose the most effective method of dis-
pute resolution.

Let us clarify that each stage of project imple-
mentation is characterized by certain conflict-gener-
ating factors, both at the external and internal levels.

They have varying degrees of significance, indicat-
ing the possibility of the emergence and escalation
of economic contradictions among the project par-
ticipants.

MATERIALS AND METHODS

Based on the analysis of various approaches,
we can identify the following types of markers:

e requlatory (external level — amendments in
legislation). The relevant legal norms may be
aimed either at easing the current procedure
for conducting investment and construction
activities, shortening the investment cycle,
and removing administrative barriers [4], or
at tightening the position of developers (for ex-
ample, regulating the processes of integrated
development of territories [5], including those
related to the creation of infrastructure facili-
ties, strengthening the supervisory compo-
nent regarding self-regulatory organizations,
a moratorium on the accrual of penalties,
the validity of which expired in 2026, etc.) [6];
geopolitical — that is, markers at the external
level related to the escalation of international
relations and directly to the sanctions regime.
An analysis of judicial practice has shown that
the most common situations leading to an incre-
ase in conflict potential are: breach of contract
terms caused by disruptions in supply chains
due to sanctions, payment freezing by a corre-
spondent bank, actions of a foreign counter-
party, etc. [7]. Moreover, the existing judicial
practice demonstrates a selective approach to
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classifying sanctions as circumstances that exempt from lia-
bility or allow for the termination of a contract [8]. Sanctions
are not automatically recognized as force majeure, and par-
ties are required to prepare and provide a detailed justifica-
tion for their position [9]. Sanctions restrictions that are not
recognized in Russia, due to which foreign counterparties fail
to fulfill their obligations, are not considered force majeure
circumstances [10]. For contracts concluded after the imposi-
tion of sanctions, it is necessary to prove that the specific
sanction affecting the project was still unforeseen, and that all
reasonable alternative ways of implementation, including par-
allel imports, were indeed exhausted and proved to be im-
possible;

organizational and managerial markers relate to the internal lev-
el, which pertains to the administration processes within the cor-
poration. They are reflected, among other things, in the concept
of corporate social responsibility as an integral part of sustaina-
bility of a construction company’s operations [11], as well as
in the ESG principles (Environmental, Social, Governance),
which predetermine the focus on reducing conflict throughout
the entire project cycle [12, 13];

communication markers related to both external and internal
levels of management. An important role is played by the pro-
ject participants’ interaction plan, which makes it possible to
ensure comprehensive project coordination and the involve-
ment of all key players already at the initial phase [14]. It is
also important to develop a negotiation strategy (avoiding this
process is unacceptable), to create a system of early notifica-
tions, and so on. Regarding the manifestation of the marker
at the external level, the most destructive factors may be
a negative image of the project participant (for example, pub-
lications in the media, inclusion in the register of unfair suppli-
ers, information about the initiation of bankruptcy proceed-
ings in open sources, etc.);

contractual markers (legal dimension) that characterize
the choice of contractual strategy and the use of project-orient-
ed provisions in the agreement (and, more broadly, the con-
cept of relational contracts — that is, a type of long-term agree-
ment based on trust, common goals, and flexible rules of in-
teraction between the parties) [15, 16];

as the analysis has shown, it is advisable to identify markers
of judicial and non-judicial settlement. The external level char-
acterizes the creation of conditions for applying a certain for-
mat of interaction when disputes arise. Thus, in the Russian
Federation, for a long period of time, judicial proceedings
served as the main method of resolving disputes, which,
among other things, affected the level of conflicts. An impor-
tant external factor aimed at promoting non-judicial settle-
ment was the substantial increase (by more than 50 times in
terms of monetary claims) in the amount of the state fee when
filing a claim in arbitration courts. At the same time, the results
of 2025 demonstrated a positive trend in the number of eco-
nomic disputes in general, and construction disputes in par-
ticular, but this trend remains insignificant for now.

Markers at the internal level, in turn, relate to the willingness of
economic entities to use ADR. Thus, according to a study conduct-
ed by Pravo.ru in 2015, only 25 % of respondents (representatives
of the business community) are ready to use mediation to resolve
conflicts [17]. This method is still positioned as a procedure with
a high psychological and organizational threshold. Moreover, spe-
cial emphasis is placed on the mediator’s lack of industry-specific

expert knowledge [18]. In this regard, examples are already emerg-
ing of companies (such as Gazpromneft Expert Solutions) that do
not engage external specialists but instead develop an internal me-
diation service:'

e information markers. Unified databases and information plat-
forms are becoming particularly important, as they make it
possible to combine data on the construction sector across
the entire territory of Russia in a single digital environment,
making it as transparent and accessible as possible for all
market participants. For example, in November 2025, a fed-
eral law was signed that provides for the creation of a unified
resource for cultural heritage objects in order to effectively
integrate them into economic circulation. Other examples in-
clude: GISOGD (State Information System for Urban Planning
Activities), EISZhS (Housing Construction System), FGIS TsS
(Federal Pricing System), and others. It is clear that such re-
sources can save time and ensure predictability and trans-
parency in interaction;

e production and technological markers that characterize the con-
tinuity of the work production process, supply chains, the use of
innovative technologies in the implementation of a specific pro-
ject, the preparation and adjustment of estimates, etc.

RESULTS

The development of a mechanism for managing disputes and
disagreements in a project should be carried out not only based
on the categories of potential disputes, but also taking into account
the specified factors; this reflects the principle of adaptability of
such mechanism.

In general, when conditions arise that exacerbate contradic-
tions and serve as markers of conflict potential, the designated
mechanism should be activated immediately. At its core is the se-
lection of effective methods for resolving disputes.

Itis important to emphasize that the proposed markers are mu-
tually reinforcing. Thus, the sanctions regime influences the modifi-
cation of contractual models both in terms of drafting sanctions
clauses and in terms of assessing the consequences of imposing
sanctions on certain goods, counterparties, payments, as well as
mechanisms for amending, terminating, or exempting from liability,
etc.

Communication markers, in turn, have a direct impact on the pro-
duction and technological component (conflicts with other project
participants can lead to supply disruptions, missed deadlines, un-
coordinated additional work, the absence of a well-thought-out im-
port substitution strategy, etc.) [19].

Thus, the assessment of conflict-related markers for the pur-
pose of using the dispute and disagreement management mecha-
nism in the project should be comprehensive. Since conflict poten-
tial reflects the system’s propensity to generate future disputes,
the preventive component and the focus on conflict prevention be-
come particularly important.

For example, regulatory and geopolitical markers are far from
always capable of generating insurmountable consequences for
the successful implementation of a project. Moreover, they do not
depend on the will of the project participants. Organizational, man-
agement, and communication markers, in turn, may indicate the pos-
sibility of a significant escalation of contradictions, which cannot be
overcome without structural changes [20].

' URL: https://research.pravo.ru/story/259258/
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In other words, each marker has a different degree of signifi-
cance for managing disputes and disagreements in the project. To
take into account all possible consequences, the most in-demand
format is expert support for the project, which makes it possible
to consider all possible factors, both external and internal, that
could affect the successful completion of the project.

Global experience has demonstrated the extreme relevance of
such a format as the creation of independent commissions for
the prevention and resolution of disputes at the initial stage of pro-
ject implementation. The preventive component of such commis-
sions’ activities precisely consists in identifying and analyzing
the designated markers of conflict potential in order to modify con-
tractual obligations if necessary [21].

In this regard, it is important to understand that even if partici-
pation in a project does not result in losses at a given moment,
a low profit margin does not allow for sustainable operation under
conditions of high cyclical dynamics, uncertainty in the foreign eco-
nomic environment, and the target structure of social development.
Studies of various aspects of the sustainability of production and
economic activity have convincingly demonstrated that the align-
ment of economic interests is the foundation for the growth of busi-
ness activity, without which sustainable development is impossi-
ble [22]. Specialized commissions are precisely aimed at ensuring
the sustainability and alignment of the interests of all project par-
ticipants. The main task of their work is to monitor the project at all
stages of its life cycle, coordinate the actions of its participants, and
conduct an early assessment of the impact of emerging negative
factors that may become critical to the project’s objectives.

CONCLUSION

The practice of investment and construction activities aimed
at implementing projects and carried out in contractual formats has
convincingly demonstrated that, in the absence of systemic solu-
tions to resolve the disagreements among the participants, delays
in achieving the final project goals are inevitable.

Fragmentary and non-systemic attempts to change the estab-
lished order not only fail to resolve the contradictions but exacer-
bate them, especially if negative experience is gained from using
the adopted norms and rules.

That is why, to ensure relatively seamless project implementa-
tion, a comprehensive analysis of conflict markers is necessary,
both at the external and internal levels. Identifying regulatory, geo-
political, organizational and managerial, communication, contrac-
tual, informational, production and technological markers, as well
as markers of judicial and non-judicial dispute resolution, will make
it possible to launch a mechanism for managing disputes and disa-
greements and to use the potential of a wide range of methods not
only for resolving but also for preventing conflicts.
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BbisiBneHne mapkepoB KOH(JIMKTOreHHOCTH
B KOHTEKCTe 6eCLUOBHOM peannsauum
CTPOUTENbHbIX MPOEKTOB

CraTtbsa nocesLleHa aHannay cneunduyeckrx ycrosum, Npmueo-
OALWLMX K YBENIMYEHUIO KOMYECTBa M acKanaumm npoTMBopeymn
YHaCTHUKOB WHBECTULIMOHHO-CTPOUTENBHOW AEATENbHOCTU, KO-
TOpble AeTepPMUHNPOBaHbI aBTOPOM Kak MapKepbl KOH(PINKTO-
reHHocTu. MNogyepknBaeTcs OCHOBHAsA Leflb UX BbISBNEHUA —
3anyck MexaHu3ma ynpasfieHus CropamMu 1 pasHornacusamm
B MPOEKTEe Ha OCHOBE MeaMaTMBHbIX noaxonoB. Oco6o oTMeYeHO,
YTO KaXKAbIN 3Tan peanu3auuy NpoekTa xapakTepuayeTcs onpe-
[eneHHbIMU MapkepaMy KOHIIMKTOrEHHOCTUN KakK Ha BHELLHEM,
TakK U Ha BHYTPEHHEM YPOBHAX. BbIJJ,eJ'IeHbI cnepywowine nx suabl:
perynatopHble (M3MEeHeHVs B 3aKOHOAATENbCTBE), re0nonuTK-
Yyeckne (060CTpeHne MeXAyHapOAHbIX OTHOLLEHWI), opraHm3a-
LIMOHHO-yNpaBneH4yeckme (MpoLecchl ynpaBneHus BHYTPU Kop-
nopaumm), KOMMyHMKaLUMOHHbIE (B3aMMOAENCTBME YHaCTHUKOB
NpoeKTa), KOHTPaKTHbIE (4OroBOPHAas 06BA3Ka NPOeKTa), MHAOP-
MaUMOHHble (NNaTtthopMeHHble peLLeHns), NPON3BOACTBEHHO-
TEXHOMOrn4Yeckre (HenpepbIBHOCTbL NPOLECCca), a Takxke Mapke-
pbl CyAebHOro 1 BHeCyaebHOro yperynmpoBaHus pasHornacui.
CpenaH BbIBOA, YTO Npepfiaraemble MapKepbl HOCAT B3aMMOO-
6ycnaBnvBaloLLMIN XapakTep U NX BAWSHME Ha XOf peanv3aumn
npoeKTa He paBHO3Ha4HO. py 3TOM 0603Ha4YeHa NPeBEHTUBHASA
COCTaBMAOLLAA [eATENbHOCTH CNeLmanm3npoBaHHbIX KOMUCCU,
KOTOpas 3aKNi0HaeTCa B BbIABNEHUN U aHann3e 0603Ha4eHHbIX
MapKepoB KOHMIIMKTOreHHOCTN C TeM, 4YTOObI NPU HEO6XOAUMO-
CTVM MOANMULMPOBATbL KOHTPaKTHble o6s3aTenscTBa. iIMeHHo
Takon copmat 3KCMepTHOro COMPOBOXAEHMS NPOEKTOB B Hau-
60MbLUE CTEMEHU COOTBETCTBYET COBPEMEHHbLIM KOHLIENUUAM
rOPV30HTaNIbHOW MOAENN COTPyAHNYecTBa. [onyYeHHbIe BbIBO-
Obl U pe3ynbTaTtbl MOryT cnoco6¢cTBOBaTh Pa3BUTUIO KOHCTPYK-
TMBHOIO NapTHEpPCTBa MpU peanuaaunn NPOeKTOB U NPUHATUIO
NPEBEHTMBHbIX MEP AR CYLLECTBEHHOrO CHXXEHUS YPOBHS KOH-
MKTHOCTU B MHBECTULIMOHHO-CTPOUTENBHON cdhepe.

Krno4eBble cioBa: MapKep KOHG/IMKTOreHHOCTU, MEXaHU3M YrpaB-
JIEHUs1 criopamy v pa3HoriacusiMm, SKCrIEPTHOE COMNpPOBOXAEHWE,
YPOBEHb KOHEIIMKTHOCTU
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Improving the methodology for determining
the cadastral value of land plots designated
for individual housing construction

by incorporating local factors

This paper addresses the improvement of the state cadastral valuation methodology for land plots designat-
ed for individual housing construction (IHC). The relevance of the topic stems from the persistent imbalance be-
tween cadastral and market values of such properties, which is particularly pronounced in territories with harsh
natural and climatic conditions, including the Arctic and equivalent regions. The study analyzes the current reg-
ulatory framework — Federal Law No. 237-FZ of July 3, 2016 and the Methodological Guidelines approved by
Order of Rosreestr No. P/0336 of August 4, 2021 (as amended on September 15, 2025). It is established that
the indicative list of pricing factors (Appendix No. 3 to the Methodological Guidelines) does not contain mandato-
ry requirements for accounting for natural-landscape, environmental, and socio-economic characteristics of ter-
ritories, which creates prerequisites for a subjective approach in selecting factors and leads to economically un-
justified results. The analysis also covers amendments introduced by Federal Laws No. 243-FZ of July 23, 2025
and No. 513-FZ of December 28, 2025. The study systematizes local factors affecting the value of IHC land plots:
relief, soil types, freezing depth, pollution levels, noise exposure, proximity to recreational zones, district prestige,
infrastructure development, and for northern territories — the presence of permafrost, climatic severity, and sea-
sonal transport accessibility. International experience in accounting for such factors in the USA, European coun-
tries, Canada, and Scandinavia is summarized. A cadastral value calculation model with a system of adjustment
coefficients is proposed and tested on a conditional example of a plot in a northern settlement. The research re-

sults can be used to improve the methodological support of state cadastral valuation.
Keywords: cadastral value, individual housing construction land plots, mass appraisal, local factors, pricing fac-
tors, northern territories, permafrost, differentiation coefficients
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INTRODUCTION

The cadastral value of land plots in the Russian
Federation serves not only as the tax base for
calculating land tax but also as a key instrument
for regulating property relations. In the context of re-
forming valuation activities, as established by Federal
Law No. 237-FZ of July 3, 2016 [1], the issue of objec-
tivity in the cadastral valuation of individual housing
construction (IHC) lands becomes particularly acute.

The existing mass appraisal methodology, rely-
ing on a limited set of pricing factors, does not fully
reflect the diversity of local territorial characteristics.
As a result, the cadastral value of plots in presti-
gious areas is often underestimated, while in territo-
ries with complex natural and climatic conditions,
it is overestimated relative to market prices. For north-
ern and Arctic regions, where ignoring engineering-
geological conditions (permafrost, soil types) and
climatic constraints leads to a significant imbal-
ance, this problem is especially relevant.

The methodological content of mass appraisal
remained unchanged: the indicative list of pricing fac-
tors (Appendix No. 3 to the Methodological Guide-
lines [2]) remains open-ended and does not contain
mandatory requirements for accounting for natural-
landscape, environmental, and socio-economic fac-
tors. At the same time, the amendments introduced in
2025 — Federal Law No. 243-FZ of July 23, 2025 [3]
and Federal Law No. 513-FZ of December 28,
2025 [4] — mandated the use of the federal state geo-
graphic information system in cadastral valuation.

The aim of this study is to develop proposals
for improving the cadastral valuation methodology
for IHC land plots by expanding the system of pric-
ing factors through comprehensive consideration of
local territorial characteristics, including the specif-
ics of northern regions.

The legal regulation of state cadastral valuation
is built on a hierarchy of federal laws and subordinate
acts. The fundamental document is Federal Law
No. 237-FZ of July 3, 2016 [1] “On State Cadastral
Valuation”. The law established a centralized model:
the authority to determine cadastral value is trans-
ferred to specialized state budgetary institutions es-
tablished by the constituent entities of the Russian
Federation. The law regulates the frequency of valu-
ation campaigns — no more than once every three
years (for cities of federal significance — no more
than once every two years) and no less than once
every five years — and also provides for pre-trial
mechanisms for challenging results.

In 2025, significant novelties were adopted. Ar-
ticle 6 of Law No. 237-FZ [1] was supplemented
by Federal Law No. 243-FZ of July 23, 2025 [3] with
a provision on the mandatory use of the federal
state geographic information system in cadastral
valuation in the constituent entities of the Russian
Federation (with the exception of cities of federal
significance). These provisions come into force on
January 1, 2026. Federal Law No. 513-FZ of De-
cember 28, 2025 [4] introduced state monitoring of
cadastral valuation and adjusted the rules for apply-
ing cadastral value data.
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The methodological level of regulation is deter-
mined by Order of Rosreestr No. P/0336 of August
4, 2021 [2], which approved the Methodological
Guidelines on State Cadastral Valuation. The cur-
rent version was introduced by Order of Rosreestr
No. P/0327/25 of September 15, 2025 [5], which
adjusted the procedure for applying mass appraisal
methods. Certain provisions come into force on
January 1, 2026.

According to paragraph 3 of the Methodologi-
cal Guidelines, mass appraisal methods are used
to determine cadastral value — the construction of
unified models for groups of properties with similar
characteristics. If their application is impossible,
the valuation is performed individually [2].

Mass appraisal involves grouping properties
and applying comparative, cost-based, and (or) in-
come-based approaches. The main methods inclu-
de: statistical (regression) modelling, the typical (ref-
erence) property method, and modelling based on
the specific cadastral value indicator (SCVI).

Order of Rosreestr No. P/0327/25 of September
15, 2025 clarified the procedure for modelling
based on SCVI, allowed the determination of a pro-
perty’s location through conditional territorial units,
and supplemented the list of sources of information
on pricing factors with data from the federal state
geographic information system [5].

According to Part 2 of Article 14 of Federal Law
No. 237-FZ [1], pricing factors are characteristics of
a property that affect its value. For land plots, these
include information on being within zones with spe-
cial conditions of use, land category, permitted use
type, and area.

The indicative list of factors for land plots is set
out in Appendix No. 3 to the Methodological Guide-
lines and includes: general information (land catego-
ry, use type, area, elongation coefficient); encum-
brances (water protection zone, construction restric-
tion zone, etc.); development parameters; and addi-
tional characteristics for agricultural use (land type,
standard yield, soil granulometric composition) [2].

However, the list is open-ended — the specific
set of factors is determined by the budgetary institu-
tion independently. The main limitations include:
the absence of a closed list creates a risk of subjec-
tivity in factor selection; insufficient consideration
of local characteristics (environmental, natural-land-
scape, socio-economic); aggregation problem —
models for enlarged groups of municipalities do not
account for the specifics of individual settlements;
weak integration of spatial data, despite the intro-
duction of mandatory GIS use from 2026.

Local factors are understood as qualitative and
quantitative characteristics of a plot's location that

can be identified during territorial zoning and have
a significant impact on its value. Unlike macroeco-
nomic factors, they capture the specifics of a par-
ticular territory.

The scientific literature highlights ecological cri-
teria, infrastructure provision, landscape aesthetics,
and transport accessibility. For IHC plots, particular
importance is attached to prestige of location, so-
cial homogeneity, safety, and proximity to natural
objects.

A classification is proposed: natural-landscape;
ecological; transport accessibility and engineering
infrastructure; socio-economic; and specific factors
of northern territories.

The terrain determines the complexity of plan-
ning, site preparation costs, and drainage organiza-
tion. Plots with level terrain have a higher unit
price [6].

According to the Methodological Guidelines,
when assessing agricultural land, soil fertility and
the influence of natural factors should be consid-
ered [2]. Soil and ground quality determine the need
for foundation reinforcement and drainage works.
With increasing erosion, salinization, and alkaliza-
tion, the cadastral value can decrease by more than
90 % [7].

Proximity to water bodies has a dual effect: aes-
thetic appeal increases value, but water protection
zones impose use restrictions.

Ecological factors are capitalized in market and
cadastral value. As the distance from the pollution
source increases, the cadastral value rises: the mon-
etary change ranges from 6,448 to 9,212 rubles [7].
Air pollution can reduce value by 5-10 % [8].

Noise pollution, especially near highways and air-
ports, negatively affects the attractiveness of an area.
Proximity to industrial zones and waste disposal sites
reduces value, while the presence of recreational
zones (parks, squares) positively affects it [9].

Proximity to roads and public transport stops
positively affects value. According to the Method-
ological Guidelines, a plot is considered provided
with access roads if a road approaches any of its
boundaries, allowing entry [2]. Ignoring individual
indicators of transport accessibility is recognized as
a significant deficiency [10].

The main factors affecting cadastral value are
the level of socio-economic development of the ter-
ritory, location, and engineering amenities. For IHC
lands, prestige of location, social homogeneity, and
safety are significant. Proximity to schools, kinder-
gartens, medical facilities determines the quality of
daily life [11].

The presence of permafrost, soil types, and
seasonal thawing depth determine construction
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technology (pile foundations, ground thermal stabilization) and op-
erational costs. In agroclimatic subzones of Siberia with continuous
permafrost, the median cadastral value of permafrost-taiga soils is
0.4 rubles/m?, and of lowland bog soils — 0.5 rubles/m? [7].
The sum of active temperatures (At > 10 °C) in such territories does
not exceed 1,300 °C. Northern territories are also characterized by
the absence of year-round roads, seasonal transport accessibility
(winter roads, river transport), and high costs of “northern delivery”
of materials [8].

The current Indicative List (Appendix No. 3 [2]) includes four
groups of factors, oriented primarily toward formal accounting char-
acteristics. The proposed system supplements them with natural-
landscape, ecological, socio-economic, and northern factors.
The difference is the systematic consideration of the spatial nature
of factors, which requires the use of GIS technologies [12].

The need for expansion is due to the fact that the current list
does not cover a number of characteristics affecting market value.
Ignoring significant factors leads to overestimation or underestima-
tion of cadastral value [13]. For IHC lands, the ecological situation,
prestige of the district, safety, and developed social infrastructure
are of particular importance. For northern territories, natural-climatic
conditions radically affect construction and operational costs, but
are practically not taken into account in the existing methodology.

In the United States, valuation is decentralized and carried out
at the county level using mass appraisal methods (mass appraisal)
and hedonic modelling. Socio-economic characteristics are con-
sidered: income levels, education, crime rates, quality of school
districts, and environmental conditions. Computer-assisted mass
appraisal systems (CAMA) are actively used [13].

In Germany, the basis is standard land values (Bodenrich-
twerte) determined for valuation zones. Factors such as state of
development, soil quality, and plot shape are considered. In Great
Britain, valuation for tax purposes (Council Tax) takes into account
“locality” — a territory characterized not only by housing stock but
also by associated infrastructure and amenities. In Sweden, loca-
tion-based factors derived from value areas are used. In the Neth-
erlands, the WOZ valuation is based on property characteristics
and sales data in the same area [14].

In Finland, when classifying agricultural land for taxation, the in-
fluence of climate on productivity is considered: in the northern
zone, productivity is only one-fifth of that in the southwest. In Nor-
way, slope, plot size, and weather conditions are taken into ac-
count [14]. Canada integrates climate risks into property valuation.
For northern territories, the consideration of permafrost and its deg-
radation, seasonality of transport accessibility, and heating costs is
critical [15].

The Chinese system is based on state ownership of land. Prices
are determined through public auctions for land use rights. Local
governments set starting prices based on a periodically published
state land price list, updated every three years [14].

Foreign experience confirms that accounting for local factors is
standard practice. Particularly indicative is the experience of Can-
ada and the Scandinavian countries, where natural-climatic condi-
tions similar to those in Russian northern territories are taken into
account as mandatory pricing factors.

It is proposed to supplement Appendix No. 3 to the Method-
ological Guidelines [2] with the following groups of factors: natural-
landscape (relief, soil types, freezing depth, proximity to water bod-
ies); ecological (pollution, noise, proximity to industrial zones and
waste storage, presence of recreational zones); socio-economic

(prestige, safety, infrastructure); northern (permafrost, climatic se-
verity, seasonal accessibility).

To account for local factors, a system of adjustment coefficients
is proposed. The cadastral value of an IHC land plot is determined
by the formula:

CV=A-UPKS- Kecol : Ktrans : Kinfr ° Kprest : Knon‘hv

where A — plot area;
UPKS — basic specific cadastral value indicator;
Koo — €cological comfort coefficient (0.7-1.3);
Kians — transport accessibility coefficient (0.8-1.2);
K.y — infrastructure provision coefficient (0.8-1.2);
Kprest — territory prestige coefficient (0.7-1.5);
Korin — integral northern coefficient (0.1-0.7), accounting
for permafrost, soil types, climatic severity, and logistics costs [8].

Hedonic models of cadastral value are built using the least
squares method. It is proposed to include an expanded set of local
factors in these models using spatial analysis. Starting from Janu-
ary 1, 2026, valuation will be carried out using unified software
based on the Federal State Information System “Unified Digital Plat-
form 'National System of Spatial Data”, which allows integrating
data on local factors directly into the modelling process [3].

For northern territories, it is proposed to develop separate mass
appraisal models that take into account engineering-geological
conditions, climatic constraints, and transport accessibility. The val-
ues of K north are determined based on zoning according to the se-
verity of conditions using GIS data.

The introduction of local factors will require expanding data
sources (ecological and geocryological maps), increasing the role
of GIS specialists, and automating processes. This will reduce
the gap between cadastral and market values, ensure fair differen-
tiation of taxation, and account for regional specifics.

The cadastral value of an IHC land plot with local factors is
determined by the formula:

CV=A-UPKS- Keco/ : Krrans K * Kpres[ . Knorrhr

for K., an integral indicator is used:

Kperm (sOIl type/permafrost, 0.3-1.0) - K, (climatic severity,

0.5-1.0) - K, (transport accessibility, 0.4-1.0).

Consider a plot of 1,000 m? in a northern settlement with per-
mafrost, located 200 km from the regional center. The base SCVI
set for this group of municipalities is 500 rubles/m?.

Calculation without local factors:

CV = 1,000 - 500 = 500,000 rubles.

Calculation with local factors:
Keoor = 0.9 (moderate pollution);
Kirans = 0.8 (no year-round road);

K. = 0.85 (no central water supply and sewerage);
Kprest = 0.8 (non-prestigious area);
Koorin = 0.4 (permafrost, harsh climate, high cost of material

delivery).
CV=1,000-500-09-0.8-0.85-0.8-0.4=97,920 rubles.
Thus, accounting for local factors allowed adjusting the cadas-

tral value from 500,000 to 97,920 rubles, which significantly brings
it closer to the real market price of the plot under these conditions.
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CONCLUSION

The conducted research allows us to formulate the following
main conclusions.

The current methodology for cadastral valuation of IHC land
plots, based on the Indicative List of pricing factors (Appendix
No. 3 [2]), does not fully account for the local characteristics of
the territory. The open-ended nature of the list and the absence
of mandatory requirements for including natural-landscape, envi-
ronmental, and socio-economic factors create risks of a subjective
approach.

The local factors that significantly affect value include: natural-
landscape (relief, soil types, freezing depth, proximity to water bod-
ies); environmental (pollution, noise, proximity to industrial zones,
recreational zones); transport and infrastructure; socio-economic
(prestige, safety, infrastructure). For northern territories, engineering-
geological conditions, climatic constraints, and logistics costs are
critical.

Foreign experience — particularly the practice of Canada and
Scandinavian countries, where climatic and geographical factors
are considered mandatory pricing factors — confirms the need to
adapt a similar approach in Russia.

A calculation model with a system of adjustment coefficients
(Kacon Kiranss Kintr Kprestr Knortn) 18 proposed. Testing on a hypothetical
example confirmed its practical applicability.

The practical significance of the study lies in the possibility of
using the proposed recommendations in improving the Method-
ological Guidelines [2]. Further research should be directed toward
developing methodological recommendations for determining coef-
ficient values for various types of territories and creating geospatial
data layers with permafrost, climatic, and ecological maps for auto-
mated accounting of local factors in cadastral valuation.
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CNOXHbIMW MPUPOAHO-KNUMATUHECKNMU YCIOBUAMMU, BKIOHas
apKTU4EeCKMe 1 NpupaBHEHHbIE K HAM pervoHbl. [poBeaeH aHa-
N3 OencTBYyIoLLEN HOPMaTUBHO-NPaBoBoON 6a3bl: DefeparnbHO-
ro 3akoHa ot 3 utons 2016 r. Ne 237-O®3 1 MeTognyeckux yka-
3aHuin, yTBepXAeHHbIX [Npuka3om Pocpeectpa ot 04.08.2021
Ne 1/0336 (B pegakumu ot 15.09.2025). YcTaHOBMEHO, YTO NpU-
MepHbIN NepeyeHb LieHoobpasyowmx daktopos (MpunoxeHne
Ne 3 kK MeTogn4eckum ykasaHUsIM) He COLEPXUT 0653aTenb-
HbIX Tpe6OBaHWI MO yYeTy NPUPOAHO-NAaHALWAMTHBIX, SKONOr-
YeCKMX U CoLManbHO-3KOHOMUYECKNX XapaKTEPUCTUK TeppUTO-
pWiA, 4TO CO3[AeT MPEeAnoChINKM Ans Cy6beKTUBHOro nogxoaa
npu oT6ope PakTopoB U BeAEeT K IKOHOMUYECKN HEOOOCHOBAH-
HbIM pe3ynbratam. TakXe pacCMOTPeHbl U3MEHEHUS!, BHECEHHbIEe
®depepanbHbiMy 3akoHamu oT 23 utonsa 2025 r. Ne 243-D3 n ot
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28 pnekabps 2025 r. Ne 513-03. CuctematnanpoBaHbl oKasb-
Hble (DaKTOPbI, BAUAIOLLME HA CTOMMOCTb 3EMESIbHBIX Y4aCTKOB
MXXC: penbed, TUnbl rpyHTOB, rMy6uHa npoMep3aHunsi, YypOBEHb
3arpsidHeHus1, LLYMOBOE BO3AENCTBME, 6IM30CTb K peKkpeaLoH-
HbIM 30HaM, NPECTMXKHOCTb parioHa, pa3BUTOCTb MHPACTPYK-
Typbl, & AN CEBEPHbIX TEPPUTOPUIA — HaNMYME MHOrONIETHEN
Mep30Thl, KNIMMaTU4ecKas CypoBOCTb M CE30HHas TpaHcmnop-
THas goctynHocTb. O606LeH 3apy6exHbI OMbIT y4yeTa Nofo6-
HbIx pakTopoB B CLUA, ctpanax EBponbl, KaHage n CkaHgu-
HaBuu. MpepnoxeHa Mofenb pacyeTa KagacTpoBoOv CTOMMOCTH
C CMCTEMOW KOPPEKTUPYIOLLMX KOIPULIMEHTOB, anpob1poBaH-
Hasl Ha YCIOBHOM NMprMepe y4acTka B CeBepHOM noceneHunu. Pe-
3ynbTaThl UCCNEAOBaHNS MOTYT 6bITb NCMONb30BAHbI MPY COBEP-
LLIEHCTBOBaHUM METOANYECKOr0o 06ecneyeHns rocyaapCTBeHHON
KaacTPOBOW OLEHKM.

Knro4veBble croBa: kagactpoBasi CTOMMOCTb, 3€MEJIbHbIE y4acT-
K1 1o UHANBUAYabHOE XUINLLHOE CTPOUTENbCTBO, MaccoBasi
OLeHKa, MECTHbIE (YaKTOpbl, (haKTOpPbl LUeHOObpa3oBaHusl, ce-
BEpHbIE TEPPUTOPUM, BEYHAS Mep3rioTa, Ko3hULUNEeHTbI Ang-
pepeHymnaymm
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Development of the housing market
amid challenging economic conditions
in real estate development

The state of the real estate market is one of the indicators of the level of socio-economic development of territo-
ries. The market’s ability to respond flexibly to global changes ensures the reliability and resilience of its indica-
tors in the face of challenges and threats. Four major periods in the country’s history represented turning points
for the real estate market, significantly affecting its rate of development and, consequently, its legal and regu-
latory framework. This article analyses the effects of the financial and economic crises of 1998, 2008—-2010,
2014-2015, and 2022 on the real estate market. The distinctive features of market functioning during each peri-
od are examined, and the causal relationships between them are identified. Particular attention is given to 2014
and 2022: their effects are compared, development patterns are identified, and the effectiveness of government
support measures is assessed. The study also considers the sanctions imposed in 2022, which increased eco-
nomic pressure on the Russian market, resulted in the suspension of numerous construction projects, and in-
creased the number of unfinished developments. Recent developments in the real estate and mortgage markets
are also examined. More restrictive conditions for purchasing apartments have driven up residential rents and in-
creased rental yields. Based on the results obtained, market support measures are proposed that could facilitate
its recovery. An analysis of the economic outlook makes it possible to formulate short and medium-term devel-
opment strategies and identify effective ways of restoring depressed market segments. The paper emphasizes
the importance of government support and stabilization measures amid continuing crises and high uncertainty.
Keywords: economic crises, real estate market, investment, demand, supply, mortgage loans

conomic crises significantly impact the real es-
tate market, causing property price fluctua-

tions, changes in supply and demand dynam-
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the country’s economic situation. The crisis mani-
festations in the real estate market were multifacet-
ed. The main phases of the August crisis are pre-

ics, and investment and construction challenges.
Key crisis indicators include production decline, fi-
nancial shortages, business failures, disrupted busi-
ness ties, rising unemployment, and decreased eco-
nomic performance, living standards, and well-being
[1,2].

To develop anti-crisis measures, predict eco-
nomic trends, ensure guarantees for market partici-
pants (developers, investors, buyers), and minimize
negative consequences, it is crucial to study the in-
terconnection between financial and economic phe-
nomena and their impact on the real estate market.

The main causes of the 1998 crisis included
the collapse of the short-term government bond mar-
ket, which led to financial collapse and the inability
to service external debt. The decline in global oil
prices reduced budget revenues and exacerbated

sented in Table 1.

This period was characterized by a significant
stratification of cities in terms of housing prices, in-
dicating a growing gap in effective demand be-
tween different population centres. The average
property cost in cities with dollar-denominated
prices (excluding Moscow) decreased by 19 %, in
cities with ruble-denominated prices by 56 %, and
across the entire group of cities, including Mos-
cow — by 21 %.

The primary impact was felt by the secondary
housing market, as there were few new buildings,
and project financing and mortgages were virtually
non-existent. As a result of government stabilization
measures, including the adoption of laws and
the development of mortgage lending, the market
was able to stabilize, and price declines stopped as

Table 1. The main phases of the 1998 August crisis in the Russian real estate market

Crisis phase Period Events, characteristic features Main changes in the real estate market
Ruble devaluation, expectations of N Lo )
In major cities, dollar prices increased by 5-10 %; in other
False start | End of August | rising housing prices, short-lived I ’ P y ”

rush demand

cities, prices stabilized or increased

Stagnation Early Ruble devaluation, depreciation of | Sales on the primary market came to a standstill; the num-
9 September housing certificates ber of transactions decreased by 40-60 % in major cities
o ) ) The number of transactions began to increase, but did not
Recovery End of Decline in dollar prices, discount . ) - .
; reach pre-crisis levels. Price growth in cities with ruble-
from Shock | September sales of luxury housing } )
denominated prices
) Final segmentation of markets into | In cities with dollar-denominated prices, the decline in
Depressive | October — ) ) ) ) X L )
- ruble-denominated and dollar- prices continued; in ruble-denominated cities, prices rose
Stabilization | November

denominated segments

and the volume of transactions increased
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early as 1999. From 2002, there was a noticeable increase in hous-
ing prices, both in dollar and ruble terms. The market fully recov-
ered only in 2002.

The decline of the global economy, which began in 2008 with
the crisis in the USA mortgage and stock markets, subsequently led
to a decrease in liquidity in several countries and a fall in oil pric-
es [3]. The primary real estate market, which had been actively de-
veloping thanks to large-scale development projects and the attrac-
tion of loans from foreign banks, found itself in a difficult situation.

The sharp reduction in the availability of credit forced many
construction companies to freeze projects and even declare bank-
ruptcy. This resulted in a decrease in housing commissioning vol-
umes, from 64.1 million square meters in 2008 to 59.8 million square
meters in 2009.

The decline in prices in the secondary real estate market was
also significant. In Moscow, the number of transactions in 2008 fell
from 6-7 thousand per month to 2-2.5 thousand. This was caused
by a decrease in the purchasing power of the population and gen-
eral economic instability. The fall in oil prices, which is a key source
of income for the Russian economy, exacerbated the crisis, leading
to a reduction in budget revenues and investment in various sec-
tors, including construction.

The pace of investment in construction slowed down. In the first
quarter of 2008, it reached 28.9 %, in the second quarter it fell to
18.2 %, in the third — t0 9.5 %, and in November it grew by only
6.3 % compared to November of the previous year. This slowdown
was caused by rising unemployment and declining household in-
comes, which negatively affected the solvency of buyers. In the pri-
mary market, new classifications of real estate emerged, based
on price levels, the average area of lots, and quality characteristics.

The Russian government took a number of measures to restore
the market. Programmes were launched to support mortgage bor-
rowers and construction companies, and the Central Bank reduced
rates, providing banks with additional liquidity. From January 1,
2009, the corporate income tax rate was reduced from 24 % to
20 %, which helped to reduce the tax burden on enterprises and
preserve some jobs [4].

The Central Bank of Russia issued a subordinated unsecured
loan to Sberbank in the amount of at least 500 billion rubles, which
could be repaid within 10 years. These measures, aimed at sup-
porting the economy during the crisis, along with the use of state
financial reserves and the improvement of conditions in external
markets, contributed to positive changes in the Russian economy.

The market recovery took several years, but the measures tak-
en allowed for the preservation of jobs and support for the con-
struction industry.

The currency crisis of 2014-2015, triggered by sanctions and
the devaluation of the ruble, had a significant impact on the real
estate market in Russia. One of the main problems was the specu-
lative (panic) demand: people began to massively purchase real
estate in order to preserve their savings from depreciation, which
temporarily drove up its value. Subsequently, this led to a decrease
in the number of sales and a decline in price levels. In addition,
sanctions and the fall of the ruble led to a significant reduction
in the purchasing power of Russians, which negatively affected de-
mand for real estate [5, 6].

The foreign currency mortgage segment suffered particularly
severely: by the end of 2015, the exchange rate of the US dollar
reached approximately 70 rubles, which doubled mortgage repay-
ments while borrowers’ salaries remained unchanged. The mort-
gage market also experienced significant growth. According to

the Bank of Russia, more than 1 million mortgage loans were issued
for a total amount of 1.76 trillion rubles, which significantly exceed-
ed the 2013 level. The share of mortgage loans in the total volume
of lending to individuals rose to 20.4 %.

However, at the end of 2014, interest rates on mortgage loans rose
sharply, reaching 13.16 %, which mirrored the level seen at the end of
2010. The average mortgage rate in 2014 stood at 12.65 %.

Despite this, the quality of the mortgage portfolio continued to
remain at a high level, although the percentage of mortgage loans
with overdue payments exceeding 90 days rose to 2.1 %.

To combat the consequences of the crisis, the Government
implemented several important measures. At the first stage, insur-
ance policies for apartments during the construction period were
introduced, but this mechanism failed to prove effective due to mani-
pulations by developers. Therefore, under Federal Law No. 214-FZ',
the escrow account mechanism was introduced. This allowed pro-
tecting the funds of equity participants until the completion of con-
struction, significantly reducing risks and increasing confidence in
new buildings.

In early 2015, demand for real estate plummeted sharply, as
available funds had already been invested, and high mortgage in-
terest rates (16-21 %) made loans unattractive. Prices reached their
lowest point at the end of 2015 and the beginning of 2016. To stim-
ulate demand, the Government launched a state-supported mort-
gage programme. From March 2015 to March 2016, this pro-
gramme provided loans for the purchase of housing in new
buildings at a rate not exceeding 12 % which contributed to positive
sales dynamics and price stabilization in the real estate market.

Despite the crisis, developers sought not only to erect buildings
but also to improve the quality of residential areas, including
the construction of kindergartens, schools, and outpatient clinics.
This enhanced the attractiveness of real estate and the quality of
life for buyers.

The global economic crisis of 2022 was triggered by the expan-
sion and tightening of Western sanctions, which led to a deprecia-
tion of the ruble and an acceleration of inflation. This compelled
the Central Bank of Russia to sharply raise the key interest rate.
The departure of many suppliers and related businesses from
the Russian market exacerbated the situation, intensifying econom-
ic instability and reducing the availability of goods and services [7].

Firstly, the suspension of construction materials supplies led to
a price increase of more than 20 %, which raised the cost of con-
struction and, consequently, housing.

Secondly, wealthy Russians began to view luxury apartments
as a means of capital preservation, which resulted in a surge in
demand for expensive new buildings and high-quality secondary
housing in central Moscow.

Sanctions also complicated the sale of commercial real estate
to foreign investors, negatively impacting the market. As a result,
the investment attractiveness of a quarter of Russia’s regions de-
clined, altering the structure of supply and demand in the residen-
tial segment [8, 9].

Despite the economic crisis, in 2022, there was a 36 % in-
crease in real estate transactions across the country compared to
the previous year, reaching a level of 494 billion rubles. This trend
was linked to the strengthening of state support and the exit of in-
ternational companies. However, the number of foreign investors
remains negligible, which also affects the market structure [10, 11].

' On Participation in Shared Construction of Apartment Buildings and Other Real Es-
tate Objects and on Amendments to Certain Legislative Acts of the Russian Federation :
Federal Law, dated December 30, 2004, No. 214-FZ (latest revision).
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In 2022, changes in the key rate of the Central Bank of Russia
had a significant impact on the real estate market. Initially (on Feb-
ruary 28), the rate was raised to 20 %, making mortgage loans less
accessible. This led to a sharp decline in housing demand, particu-
larly for new apartments, and a drop in prices. The tightening of
lending conditions was accompanied by an increase in the down
payment requirement and a reduction in the number of mortgage
applications at major banks.

The rate hike also affected the cost of project financing, making
construction more expensive and consequently raising housing
prices. Developers and financial institutions sought solutions by in-
troducing preferential mortgage programmes, but high interest
rates continued to limit the number of transactions [12, 13].

On April 11, the rate was reduced to 17 %, which slightly revital-
ized the market, but the level remained sufficiently high to restrain
demand. The reduction to 14 % on May 4 improved the conditions
for mortgage lending, contributing to increased interest and price
stabilization. A further decrease to 11 % on May 27 boosted interest
in housing and triggered a slight price increase.

The reduction to 9.5 % on June 10 notably improved mortgage
affordability, contributing to a further price rise. The decrease to
8 % on July 22 led to a noticeable increase in interest, and the final
reduction to 7.5 % on September 16 supported the market by im-
proving lending conditions and housing demand. These changes
in rates played a key role in stabilizing the real estate market amid
economic difficulties and sanctions, gradually increasing credit ac-
cessibility and supporting price stability [14, 15].

An analysis of the real estate market’s reaction to the 2022
events reveals similarities with the 2014 crisis [16, 17]. A compara-
tive characteristic of the impact of the 2014 and 2022 crises on
the real estate market is presented in Table 2.

In 2023-2024, sanctions continued to impact the real estate
market in Russia. In Moscow and St. Petersburg, the cost of pre-
mium housing increased by 15-20 % in 2023 due to limited supply
and the interest of wealthy citizens. The volume of commercial
transactions decreased by 30 % due to the departure of foreign
companies and a decline in business activity.

In 2024, the real estate market in Russia is facing serious diffi-
culties. High apartment prices and expensive mortgages with rates
exceeding 20 % have led to a decline in demand. Property owners
prefer to rent out their housing rather than sell it. Purchasing new
housing also remains problematic. In October, prices for new build-
ings in most major Russian cities rose, with the cost per square
meter increasing by 0.7 %, reaching 138.4 thousand rubles.

Housing rental has become the only accessible option for those
who do not own property, although rent also increased in the sec-
ond half of 2024: the average rental price in Moscow amounted to
111 thousand rubles per month; in St. Petersburg — 56 thousand
rubles; in other cities — 43 thousand rubles?.

High mortgage rates, economic instability, and limited supply of
new buildings are intensifying the pressure on the real estate sec-
tor. These factors create difficulties for both buyers and tenants.

One of the key measures to counter the crisis was the cancella-
tion of mass preferential mortgages, which was intended to reduce
demand and cool down the market. The conditions of the “Family
Mortgage” programme were revised: the 6 % rate now applies to
families with children where there is at least one child under six
years old, a child with a disability, or two minor children. The param-
eters of the IT mortgage were also adjusted: the rate was increased
from 5 to 6 %; the maximum loan amount was set at 9 million rubles,
excluding IT specialists in Moscow and St. Petersburg. To stimulate
private housing construction, the escrow account mechanism was
extended, and a pilot programme of credit subsidies at a rate of up
to 1 % was introduced.

However, the situation worsened with the cancellation of
the “Family Mortgage” programme at 6 % per annum and the pref-
erential mortgage at 8 % per annum starting from the third quarter
of 2024. Due to high demand for these programmes, financing was
exhausted, and banks temporarily suspended the issuance of pref-
erential mortgage loans. Under conditions of reduced subsidized
programmes and rising market mortgage rates up to 20 %, people
have few options left for financing home purchases.

Thus, the impact of the economic crisis on the real estate mar-
ket in Russia in 2022-2024 was heterogeneous. In 2022, prices for
liquid apartments and the premium segment rose, but by the end of
the year, a decline in prices for secondary housing and new build-
ings began. In 2023, economic instability caused an increase in
prices for luxury housing and a decrease in the volume of commer-
cial transactions. In 2024, the high level of mortgage rates and eco-
nomic instability reduced demand and prices for new build-
ings [18].

The cancellation of preferential mortgage programmes exacer-
bated the situation, as banks suspended the issuance of preferen-
tial loans. The increase in the key rate of the Central Bank of
the Russian Federation will reduce demand in the primary and

2 Housing Rental Market Review for Q3 2024. October 31, 2024. URL: https://dom.rf/
analytics/rental-housing-report/516776/ (rus.).

Table 2. Comparative Characteristic of the Impact of the Crises of 2014 and 2022 on the Real Estate Market

Parameter 2014 Crisis

2022 Crisis

Causes of the Crisis L
decline in oil prices

Global economic recession, foreign policy decisions,

Market overheating, start of the special military operation, partial
mobilization, sanctions

Exchange Rate (Ruble) Sharp weakening against foreign currencies

Sharp weakening against foreign currencies

Central Bank Key Rate Increase from 9.5t0 17 % p.a.

Increase from 9.5 10 20 % p.a.

Demand for Housing Panic buying, rise in housing prices

Decline in demand and prices

Mortgage Loans of issued loans

Reduced mortgage affordability, drop in the volume

Reduced mortgage affordability, shift in demand towards secondary housing

Housing Pri
0using Frices prices amid falling living standards

Increase in new construction costs, decline in ruble

Decline in housing prices, discounts up to 30 %

Construction Rates Decline in construction rates

Excess supply, decline in sales rates

Market Reaction

Reduction in demand, decrease in construction rates

Decline in demand, excess supply, price reduction

Debt Burden of Developers | 480-500 billion rubles

Over 3 trillion rubles




#3 /2026 MexxayHapoHbIN Hay4HO-TEXHUYECKUIA XXypHarn HeoBmX1UMOCTb: SKOHOMMKA, ynpaBneHne

JKOHOMMKA N MEHEAXMEHT HEABUXXUMOCTH

34
[ 2 Table 3. Impact of Financial and Economic Crises on the Real Estate Market of the Russian Federation
Year Crisis Causes Impact on the Real Estate Market Government Measures

1998 Economic crisis | Financial instability, cessation | A 30 % decline in real estate prices in dollar | Absence of state support
in Russia of lending by foreign banks terms, suspension of development projects

2008-2010 | Financial and Global financial crisis, decline | Reduction in construction volumes, project | Anti-crisis measures: support for systemically
economic crisis | in demand freezes, drop in secondary housing prices important enterprises, subsidies for improving
in Russia housing conditions

2014-2015 | Currency crisis | Decline in oil prices, sanctions | Drop in real estate prices, reduction Preferential mortgage programmes, support
in Russia against Russia, weak ruble in the number of rooms in new apartments | for the construction sector

2022 Economic crisis | Sanctions, increase in the key | Decline in demand and prices for housing, Reduction of the key rate, subsidization of mortgage
in Russia rate to 20 % rise in construction costs rates, extension of the “Family Mortgage” pro-

gramme until 2030
Directions for supporting the real estate market

1. Transformation of monetary 2. Support for developers
policy

Goal: o o Goal:
* to create conditions for reviving demand + to reduce the level of bankruptcy
Measures: Measures:
« reducing the Central Bank’s key rate * subsidizing construction;
to 8-10 %; + lowering the credit rate to 89 %,
* modernizing preferential mortgage providing “long-term” loans;
programmes; » easing the conditions for obtaining
« identifying problem loans to prevent risks the necessary documentation
Result: Result:
« increased accessibility of mortgage loans; + reduced risks of halting construction

* enabling the purchase of housing; projects;

* reduced risks of non-repayment * maintaining the required level of supply

4. Monitoring of existing support
3. Consumer protection measures

Goal; - Goal
* to increase trust from the side of buyers * to prevent new crisis phenomena
Measures: Measures:
e expanding targeted and savings « establishing an anti-crisis system that
programmes in accordance with profes- includes continuous monitoring of key
sional fields of activity (for young indicators;
scientists, doctors, etc.); » analyzing regional market imbalances;
- providing guarantees to protect buyers’ * ensuring transparency in interactions
rights between all market participants
Result: Result:
« increased demand; » flexible adaptation to changes at the macro-
« reduced levels of fraud and micro-levels;

* risk minimization;

* harmonious growth of the real estate

market

Directions for supporting the real estate market
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secondary markets, especially in the mass segment. Developers
will be forced to reduce costs and simplify layouts. The rise in mort-
gage rates made loans difficult to access, which in turn reduced
interest in purchasing housing. These factors, together with the can-
cellation of preferential mortgages and the growing requirements
for the down payment, create difficulties in the real estate market,
necessitating comprehensive measures of state support and adap-
tation by developers.

Based on the results of this study, a comparative analysis of
the causes of global economic crises and their consequences for
the real estate market of the Russian Federation was conducted, as
well as measures to overcome these crises (Table 3).

Thus, each financial and economic crisis had a distinctive im-
pact on the real estate market at different historical moments.
In 1998, the crisis led to a significant drop in prices and suspension
of projects. In 2008, the global financial crisis caused a reduction
in construction volumes and a fall in secondary housing prices.
In 2014, the currency crisis resulted in price drops and a decrease
in the number of rooms in new apartments. In 2022-2024, sanc-
tions and the high key rate led to a decline in housing demand,
while the cancellation of preferential mortgage programmes exac-
erbated the situation, pushing mortgage rates up to 20 %.

Local trends and changes in preferential programmes have had
an impact on the sector under consideration. In 2025-2026, the dy-
namics are mixed. There is an increase in prices for real estate
purchases and rentals, with demand focused on studios and one-
bedroom apartments. Analyzing the structure of transactions, sec-
ondary housing sales without mortgages have become the leaders.

In order to stabilize the market, it is necessary to implement
additional measures of state support for buyers and developers,
taking into account the mistakes made during previous crisis peri-
ods. This includes the implementation of proposed directions for
market stimulation, which encompass: new state programmes; re-
duction of interest rates; development of alternative mechanisms for
purchasing housing (Fig.).

Thus, the proposed recommendations are aimed at taking into
account the mistakes of past crisis periods and establishing a reli-
able, stable mechanism for the development of the real estate mar-
ket. This mechanism is designed to achieve a balance between
supply and demand, increase the level of investment attractive-
ness, ensure comprehensive territorial development, and reduce
the pressure on the industry.
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HbIX MepUofa, KOTopble CcTanu NepenoMHbIMU ANs pbiHKa He-
OBWXMMOCTU 1 BHECTN CYLLECTBEHHbIE UBMEHEHNS B €r0 TeMMbI
pas3BuUTUS U, KaK CNeacTBue, HOpMaTVBHO-NPaBOBOE Perynmpo-
BaHue. B ctaTbe npoBefeH aHanna BAUAHUSA (OUHAHCOBO-3KO-
Homwu4eckux kpuaucos 1998 r., 2008—-2010 rr., 2014-2015 rr.,
2022 r. Ha COCTOsIHME PbIHKA HEABMXUMOCTU. PackpbITbl 0COOEH-
HOCTM ero (OyHKLMOHMPOBAHWS B KaXKAOM U3 NEpPUOAOB U yCTa-
HOBJEHbI MPUYNHHO-CNEACTBEHHbIE CBA3W MexXay HUMu. B nc-
crnepoBaHuM 0co6oe 3HadveHue ypgensetca 2014 n 2022 rr., ons
HUX COCTaBfiEeHa CpPaBHUTENbHAA XapakTepucTuKa, BbiBMEHbI
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3aKOHOMEPHOCTU pasBUTUSA U NMpoaHanuanpoBaHa ahheKkTnB-
HOCTb NPEAMNPUHATLIX MeP NoAAep>KKM CO CTOPOHbI rocyfapcTsaa.
BHumaHwve ygeneHo caHkumsam 2022 r., KOTopble YCUNNIN 9KOHO-
MUYeCKoe [aBrieHne Ha POCCUNCKUIN PbIHOK, MPUBENN K 3amopa-
XVBaHWUIO MHOMMX CTPOUTESbHbBIX MPOEKTOB U POCTY YMcna Hesa-
BepLUEHHbIX 06bEeKTOB. PaccMoTpeHbl nocnefHve roga, Kotopble
TaKXe 03HaMEHOBaHbl BXXHbIMWN COObITUSMMN AN PblHKA HeABU-
XXUMOCTU U UMOTEKN. YXKECTOYEHWNE YCIOBUI AN1S MpUobpeTeHns
KBapTMp CMPOBOLMPOBAIIO POCT LIEH Ha apeHay XWibs 1 yBenu-
YMNO ero JOXo4HOCTb caayun. MNMposegeHHasa paboTa no3sonuna
paspaboTaTb HanpaBneHUs NOAAEPXKKN PblHKA, KOTOPbIE MOTYT
CTaTb CTUMYJIOM OJ14 ero BOCCTaHOBJIEeHUA. AHanna3 aKoHoMu4e-
CKMX OXMAAHUA NO3BONSET CHOPMUPOBATL BEKTOP PasBUTUS Ha
KPaTKOCPO4HbIN 1 CPEAHECPOYHbIV NEPUOL, a TakxKe 3 heKTuB-
Hble CMOCO6bI BOCCTAHOBIIEHMS MPOCEBLLNX CErMEHTOB. B cTartbe
NoA4epKMBaETCa BaXXHOCTb roCyAapCTBEHHOM NOAAEPKKN U pas-
paboTKu Mep ANns cTabunuaaumm cuTyaumm B yCoBusx npopor-
XKaroLLMXCsi KPU3NCOB W1 BbICOKON HEOMNPEeaesIeHHOCTU.

KnioyeBbie cnioBa: TeppUTopuabHoe pas3BuTme, TPpaH3aKLYNOH-
HblE U3[EPXKKM, 3PPEKTUBHOCTb JIOTUCTUKM, MPOCTPAHCTBEHHOE
paaButue, yrpaBrieHue 3eMesibHbIMU pecypcamu, LUngpoBu3a-
umsa KagacTpa, MHBECTULMOHHBIN LIMKIT
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Supply and Demand Analysis
by Stages of the Residential
Real Estate Market Life Cycle

The Russian residential real estate market has undergone substantial volatility since 2022, driven by geopoliti-
cal shocks, restrictive monetary policy, and rapid growth in housing prices. These factors have reduced housing
affordability and altered the structure of effective demand in the primary market.

Low-interest mortgage programmes introduced in 2020 supported demand for new housing but also contributed
to price growth and widened the gap between the primary and secondary markets. As market-based mortgage
rates increased, buyers became more sensitive to apartment size, finishing, parking availability, layout function-
ality, and total purchase cost.

This study examines how consumer demand changes across the stages of the residential real estate market
cycle. Using Rosstat statistics, Bank of Russia and MOEX indicators, Yandex Wordstat data, and published mar-
keting studies, the article segments demand by market phase and compares pre-crisis and post-crisis consumer
preferences.

The results show that expansion and overproduction phases are associated with stronger demand for housing
with enhanced consumer characteristics, including larger apartments, higher-class projects, finishing, and parking.
During contraction and recovery phases, demand shifts toward smaller, more affordable, and more functional
units, while mortgage conditions become a key determinant of purchasing decisions.

The proposed segmentation can help developers adjust product concepts to the current market phase, increase
the perceived value of apartments, and improve sales rates. The findings also provide a basis for subsequent
regression-based forecasting of demand for the next three to five years.

Keywords: residential real estate, primary housing market, demand analysis, market cycles, Kitchin cycle, housing
affordability, mortgage lending, developer competitiveness

Borozdina

Svetlana Mikhailovna,
Candidate of Economic Sciences,
Associate Professor, Department
of Economics and Management

in Construction; Moscow State
University of Civil Engineering
(National Research University)
(MGSU); 26 Yaroslavskoe shosse,
Moscow, 129337, Russian Fede-

ration; 1D RSCI: 654497, Scopus

INTRODUCTION

The development of the real estate sector is
closely linked to macroeconomic conditions,
demographic trends, labour-market dynam-
ics, and capital-market processes. The strength of
this relationship depends on the structure of a partic-
ular real estate market, the configuration of relation-
ships among market participants, the transformation
of market systems, and the factors that ultimately
change market dynamics.

Industry-specific characteristics of any com-
modity market shape the relationships between sell-
ers and consumers, the degree of state involve-
ment, the mechanisms and instruments used, in-
dustry structure, producer concentration, and entry
conditions. A key feature of the real estate market is
its reliance on a continuous flow of income-generat-
ing capital, which fundamentally distinguishes it
from traditional, consumable commodity markets.
Real estate transactions involve financial relation-
ships and a wide range of professional intermediar-
ies and institutions, including lenders, brokers, ap-
praisers, and public authorities. Capital invested in
real estate may also support production processes.
Consequently, a well-functioning real estate market
contributes to the real sector of the economy. In res-
idential real estate, market conditions directly affect
household formation, quality of life, and the willing-
ness of investors and households to save and in-
vest. Real estate cycles are commonly explained
by supply lags, durability of housing stock, demand
shocks, and credit conditions [1].

MATERIALS AND METHODS

As for the primary housing market, the gradual
decline in demand, caused in part by increases in
the key rate of the Central Bank of the Russian Fed-
eration and by a reduction in purchasing power,
creates new challenges for investors and develop-
ers. Against this background, improving project
competitiveness becomes a key task for develop-
ment companies.

The study first considers the characteristics of
cyclical development of the real estate market, in-
cluding the duration of stages and the processes oc-
curring within them, as described by G.M. Sternik [2]
(Table 1).

Sternik’s classification of market phases is suf-
ficiently detailed. However, its application is limited
by the scale of analysis. Distinctions between de-
velopment and active-growth stages are difficult to
identify empirically for 5- to 10-year periods.

Therefore, this study uses J. Kitchin’s short-term
cycle framework, which distinguishes expansion,
overproduction, contraction, and recovery phases
(Fig. 1) [3].

The cyclical nature of the Russian real estate
market was analyzed using data on housing stock
flow, as shown in Fig. 2.

The dynamics of housing development are shown
in Fig. 2. The graph shows recession periods in
2008-2010, 2016-2019, and from 2023 onward,
as well as recovery periods in 2010-2015 and

' Federal state Statistics Service (ROSSTAT) : Official Website.
URL: ttps://rosstat.gov.ru (accessed: 25.06.2026).
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[ 2 Table 1. Characteristics of cyclical development of the real estate market
Stage Description
Accumulation In the long term, real estate prices and household incomes are steadily rising, but the growth rate of real estate prices does not exceed
the growth rate of incomes
Development In the long run, prices and incomes are rising, while the rate of price growth is higher than the rate of income growth
Intensive growth | There is an increase in prices and incomes; in the medium term, the rate of price growth exceeds the rate of income growth
Overheatin The market is growing significantly, so the rate of price growth is several times higher than the rate of income growth. There are high risks
g of aspeculative bubble forming and market failure over a short period of time
Stabilit The market is entering a stabilization stage following the stage of rapid price growth. There are signs of proximity to a developed market; price
y and income growth rates are close to zero
The market The pace of real estate prices exceed that of revenues, which is close to zero. Excessive lending artificially provokes an increase in effective
bubble demand
Collanse The growth rates of prices and incomes are negative, while real estate prices decrease faster than incomes in the medium term. Construction
p volumes and supply are decreasing in the market
Depression In the long term, the planned slide of the market continues, real estate prices are sagging, revenues are not growing
A new start Despite the low performance and falling real revenues, real estate prices are starting to rise, although at a slow pace
Rise There are a sufficient number of solvent buyers on the market who generate demand and stimulate a sharp increase in prices to a level
corresponding to well-developed segments of the real estate market

The Kitchin Inventory Cycle (~40 Months)

Peak (Overproduction)

Contraction

Economic Activity/Inventory

—— Kitchin Cycle
— = Long-term Trend

Time (years) Recovery

Fig. 1. Market cycles according to J. Kitchin

2015-2022. After the collapse of the Soviet Union, the construction
industry faced low effective demand and underfinancing for devel-
opers. A temporary solution was to attract financing from purchas-
ers. This approach offered benefits because square-meter prices
were lower at early construction stages, but it also generated major
risks for stakeholders. The strategy revived the market and contrib-
uted to a construction boom. However, it also helped form a large
price bubble that burst in 2009 [1].

In recent years, state policy aimed at increasing housing afford-
ability, particularly through low-interest mortgage programmes
to accelerate the development of the housing industry. The mort-
gage rate of 6.5 % during the period when the key rate was 6 % in-
creased demand for housing in apartment buildings and contribut-
ed to price growth. Hence, the programme designed to improve
affordability ultimately reduced it. In Moscow, the ratio of the square-
meter price in the primary market to average income decreased
from 0.59 in the third quarter of 2021 to 0.48 in the third quarter of
2024, a decline of 22 %.

The low-interest mortgage programme also affected the price
gap between the primary and secondary markets. According to
the Central Bank of the Russian Federation, this gap began to widen
in 2017 and continued to increase annually: it was 1 % in 2016 and
reached 44 % by 2023.

At the same time, the introduction of escrow accounts in 2019
improved the security of mortgage and shared-construction trans-
actions.

Using the Kitchin-cycle framework, the main features of an over-
heated primary real estate market can be identified as a decrease
in the average number of rooms, a reduction in demand, and a shift
toward functionality and economic efficiency. The high correlation
between the secondary and primary markets suggests that the sec-
ondary market may enter a phase of stabilization followed by grad-
ual decline.

The market currently has many participants, including sellers,
buyers, and intermediaries. Their interests and needs are taken into
account when development companies develop pricing policies.
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Housing stock movement
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Fig. 2. Housing stock flow based on data from the Federal State Statistics Service (Rosstat)
Table 2. Distribution of market cycles in the primary real estate market by year
Cycle Years
Expansion 2000-2006 2010-2012 2018-2020 2023-2024
Overproduction 2006-2008 2012-2014 2020-2022 2025-2026
Contraction 2008-2009 2014-2015 2022 -
Recovery 2009-2010 2015-2018 2022-2023 -

An overheated primary market is characterized by a high con-
centration of sellers and higher competition among development
companies. This competition may improve construction product
quality, diversify marketing programmes, and encourage new tools
to rise project profitability. However, such practices are not evenly
distributed across local markets. In some markets, construction ac-
tivity is monopolized, which reduces competition and investment
attractiveness; these markets are often regulated by administrative
and non-market mechanisms and remain cyclical [4].

During contraction, the primary market experiences a decline in
supply and an increasing role of non-market regulatory mecha-
nisms. Recovery is characterized by the entry of new players and
growth in demand. At this stage, the market begins to develop fea-
tures of monopolistic competition.

The data allow market cycles to be segmented by year and
by stage of market development (Table 2).

The article analyzes the main directions and trends in the pri-
mary residential real estate market from the perspective of consumer
demand. The data sources include Rosstat statistics, Yandex LLC

data obtained through the Yandex Wordstat service, MOEX indica-
tors, and published marketing studies for the period under review.

RESULTS

Rosstat data demonstrate clear patterns in the dynamics of de-
mand for apartments of different sizes and room numbers (Fig. 3).
Before each crisis, demand rose and so did the quality and area of
purchased housing. For example, in 2008, three-room apartments ac-
counted for approximately 28 % of all purchases; by the end of 2009,
their share had fallen by four percent to 25 %. A similar increase in
demand for two-room apartments was observed from 2013 to 2014.2

Further analysis of Fig. 3 shows a subsequent decline in demand
for apartments with a larger number of rooms and a sharp increase
in demand for one- and two-room apartments. The decline in purcha-
sing power in the post-crisis period indicates a change in the vector
of consumer demand.

2 Yandex Wordstat : Online Service. URL: yandex.ru (accessed: 25.06.2026).
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Fig. 3. Dynamics of apartment sales by the number of rooms, 2000-2018
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[ 2 Table 3. Housing-demand characteristics during and after the crises [5]

Before the 2008 crisis
The growing popularity of luxury housing
Finished apartments and finishes

Before the 2014 crisis

Real estate investments
Large apartments

Investing Luxury housing

Increasing the housing area
After the 2008 crisis

Finished apartments with finishing
After the 2014 crisis

Caution and conservatism
Simplified and affordable options
Functional layouts

Less interest in investments

Caution in buying

Simplification and minimalism
Higher requirements for functionality
A variety of mortgage programs
Interest in new buildings in the suburbs Popularity of new buildings outside the center
Predominance of ready-to-move-in facilities -

N
=

1

Key rate of the Central Bank RF, %
>

Fig. 4. Dynamics of the key rate of the Central Bank of the Russian Federation

Although marketing research data on changes in consumer de-
mand are not fully accessible, the available sources are sufficient
to compare pre-crisis and post-crisis demand characteristics (Table 3).

The pre-crisis state and the overproduction stage are charac-
terized by demand for better consumer characteristics. An analysis
of consumer demand made using Yandex Wordstat shows that de-
mand for higher-quality apartments reduces as the economic situ-
ation deteriorates. For example, demand for apartments with park-
ing and finishing increased after 2019, but began to decline after
the key rate rise (Fig. 4).

In addition to GDP and housing commissioning values, the Mos-
cow Real Estate DomClick Index (MOEX MREDC) was analyzed
using the relative strength index (RSI), which helps assess the trend
direction and strength (Fig. 5).

The previous peak of the index, 303,283.07 rubles per square
meter, was recorded in July 2024 and surpassed in March 2025.
The square-meter price in the Moscow primary housing market
reached 309,858.43 rubles, the highest value in the observed period.

The MREDC index was analyzed using the RSI (relative strength
index) developed by W. Wilder in 1978.

Positive (U) and negative (D) price changes are used to calcu-
late RSI. A day is classified as upward if today’s closing price is
higher than the previous day’s closing price:

U= c/osemday - c/oseyes,e,day;
D =0.

A day is classified as downward if today’s closing price is lower
than the previous day’s closing price.

If today’s and the previous day’s closing prices are equal,
then U and D are both equal to zero. The U and D values are then
smoothed using a modified exponential moving average (EMA) with
period N, relative strength (RS) is calculated first, and RSl is then
derived from RS.

The RSI formula is presented below (Fig. 6) [6].

An RSl value above 72 points shows overbought market condi-
tions, whereas a value below 30 points shows oversold conditions.
Values in the range of 55-67 points indicate a relatively balanced
market situation and a potentially favorable period for purchasing
housing.

The price dynamics in the Moscow residential real estate mar-
ket in the first quarter of 2026 conveys the continuing influence
of state regulation of mortgage-subsidy programmes. As of 1 Janu-
ary 2026, government subsidies for low-interest mortgages were
reduced by 0.5 percentage points.

Additional restrictions were introduced as of 1 February 2026,
including a limit of one mortgage per family, a ban on donor mort-
gages, and mandatory involvement of spouses as co-borrowers.

The mortgage market in 2026 is expected to enter a transition
period involving a redistribution of demand and supply. According
to Sberbank estimates, the number of low-interest loans may de-
cline by 20-25 %.

The reduction in low-interest lending programmes may be ac-
companied by a temporary price surge; however, in the long term,
state regulation is expected to have a stabilizing effect on residen-
tial real estate values.
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Fig. 5. MOEX MREDC (Moscow Real Estate DomClick Index) as of March 2025
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According to MOEX data, from March 2025 to January 2026
(Fig. 7), the average square-meter price in the Moscow real estate
market increased by 6.58 %, from 310,470.89 to 330,894.85 rubles
per square meter. The RSI 14 index reached 78.81 points, indicat-
ing overbought market conditions and the possibility of a subse-
quent correction.
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Demand for housing across different classes has also changed
significantly (Fig. 8). Since the end of 2022, demand for business-class
housing has increased. As noted above, this shift is typical of a pre-
crisis period, when housing is perceived as an investment instrument
and a means of preserving capital amid continuous price growth.
The dynamics of demand by housing class are shown in Fig. 9.

>
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With respect to the number of rooms, the primary market shows DISCUSSION
a long-term trend toward a decrease in the average room count. . .
Since 2000, the total share of three-room apartments in the primary The analysis shows that the recovery and expansion stages are
market has decreased from 37 to 14 %, while the share of one-room characterized by demand for residential real estate with the follow-
apartments has increased from 28 to 67 %. Consistent with the ear- ing consumer characteristics:
lier figures, demand for apartments with more rooms increased ® large apartments: buyers show high interest in spacious

from 2020 to 2021 (Fig. 10). apartments with several rooms, particularly for family households;




HenBMXUMOCTb: 9KOHOMUKA, ynpaeneHune

MexayHapoaHbI Hay4HO-TEXHUYECKUI XYypHan

JKOHOMMKA N MEHE[LXMEHT HEABUXUMOCTH

#3 /2026

43

¢ higher-class housing: demand increases for apartments in
premium and business-class projects, especially in metropolitan
and large cities;

¢ ready-to-move-in units: buyers prefer apartments with full or
partial turnkey finishing to reduce renovation costs and time;

e |ocation: prestigious districts with developed infrastructure
and proximity to the city center receive priority.

The post-crisis period is characterized by the following demand
factors:

e simplified and affordable options: buyers shift toward lower-
cost apartments and economy-class or comfort-class projects, of-
ten choosing smaller units;

e functional layouts: interest increases in efficient space use,
flexible planning solutions, open layouts, and studio apartments;

e mortgage demand: during crisis periods, mortgage lending
and state-backed subsidy programmes become increasingly im-
portant for purchasing decisions.

CONCLUSIONS

The research supports the conclusion that demand in the hous-
ing market is cyclical and depends on the current market stage.
Expansion and overproduction phases are associated with in-
creased demand for products with enhanced consumer character-
istics, such as underground parking, larger apartment size, finish-
ing, and higher-class project positioning. These phases also show
a stronger tendency toward investment-oriented purchases.

Contraction and recovery phases are characterized by lower
consumer activity, a shift toward smaller apartments, and higher
sensitivity to the efficiency of invested funds. This is conveyed in

AHanus crnpoca u npeasioXxXeHuns
no CtTaausaM XU3HEeHHOro uukna
PbIHKa XUnowm HeaABUXUMOCTHU

Poccuiicknin pbIHOK XXUNOW HEOBMXXMMOCTU NEpeXuBaEeT Kpan-
He TsXenble N HecTabusbHble BpeMeHa. BHellHeaKoHoOMUYeckme
N BHELUHENONUTUYECKME N3MEHEHNS NMPUBENU K MOBbILLEHWUIO
KnoYeBon cTtaBku LB 4o pekopaHbIX 3HAa4YEHUI, a CTOMMOCTb
HenBwXuMocTH ¢ 2022 no 2026 r. pacTeT C HEBEPOATHOM CKOPO-
CTbi0. TeKyLlasa cuTyaumsa Ha pbiHKe 3HAYUTENIbHO CHU3WMa Mno-
TPEOGUTENBCKME BO3MOXHOCTM MaXXOPUTAPHOro KonuyecTsa rpa-
XnaaH PO.

BeepeHHas B anpene 2020 r. Ans NoBbILUEHUS MOKYNaTebCKOWn
CMOCOBHOCTM rpaxiaH nporpamMma fibFrOTHOW UMOTEKM Cnoco6-
CTBOBAasia pocTy Crpoca Ha Xunbe, U, Kak CneacTeue, yBenu-
YeHWI0 ero CTOMMOCTW, NpVBena K YCKOPEHWIO MHMAALMKN, 0CO-
6€HHO B CErMEHTE MacCOBOro pbiHKa. /13-3a BbICOKOW KMHO4EeBOMN
CTaBKM U CTOMMOCTN HEABUXUMOCTU NO3BONUTL cebe KBapTu-
py MO yKa3aHHOW MporpaMme crnocobHa nuvilb Manas 4acTtb rpa-
XAaH C [OCTaTKOM BbllLe CPefHero no cTpaHe.

TekyLuas cMTyauma Ha pblHKe 3acTaBfseT 3aCTPONLLMKOB nepe-
cMaTpuBaTb CBOWM CTpaTernm n onTMMM3npoBaTh NPOLIECChI CTPO-
UTeNbCTBA, YTO, B CBOKO 04epefb, MOXET OTPa3nTbCA Ha 3arycke
HOBBIX XWJIbIX 06BEKTOB. [MOHMKXEHHbIE TEMMbI PACNPOJAHHOCTH
BBE/EHHbIX OObLEKTOB HEraTMBHO CKa3blBAKOTCA Ha KOHKYPEHTO-
cnoco6HOCTN JeBenonepcknx komnauuin (ganee — [JK). Pac-
NPOAaHHOCTb OOBLEKTOB U, KaK CNeAcTBUE, KOHKYPEHTOCMNOCO6-
HocTb [1K BO3MOXHO MOBLICUTL 3a CHET YBENNYEHUSA LLEHHOCTH
KOHEYHOro npogykTa. LieHHOCTb KOHEYHOrO NpoayKTa (KBapTup),
B CBOIO 04epefb, N0 MHEHWIO aBTOPOB UCCef0BaHUs, BO3MOXHO
YBENNYUTb OCHOBBIBAsACh HA MOTPEOHOCTAX PbIHKA.

reduced demand for finished apartments and a stronger focus on
economy- and comfort-class housing.

This article represents one stage of a broader study of demand
dynamics in the residential real estate market. Further research
should apply regression models to analyze market trends and pro-
duce a 3- to 5-year forecast. Such forecasting can help identify fu-
ture demand factors for each market phase and improve develop-
ers’ competitiveness by aligning apartment characteristics with
the current stage of the market cycle.
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B cTtatbe paccmatpuBaeTcs gMHamMuka M3MeHeHus cnpoca no-
TpebuTenen HegBMXXNMOCTM UNW LIeJIEBOW ayauTopum (ganee —
LIA) B npuBsA3ke K pbIHOYHBIM Luknam. Llenbto gaHHonm ctatbu
ABNSETCH CEerMeHTauusi U pasnoXxeHne cnpoca Mo PbIHOYHbLIM
dasam anga nocnegyowen pa3paboTku MeToanYeCKUX peko-
MeHAauui Ons 3acTPOMLLMKOB B HYacTU pa3paboTKM HOBbLIX KOH-
KYPEHTOCMNOCO6HbIX 06 LEKTOB.

AHanu3 pbiHKa ¥ cnpoca He NO3BONSET 3arfsHyTb Aanblue ce-
FOLHSILLUHEro AHS, Mbl MOXEM MCCNefoBaThb, YTO HEOGXOAMMO
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LLeHHOCTV KOHEeYHOro nMpoaykTa (KBapTup), U, Kak criefcTsue,
yBeJIMYeHUst TEMMOB UX PacnpofaHHOCTU.
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Belyakov M.V.
Kostryukova A.S.

Theoretical and methodological foundations
for determining cadastral and market value

The paper provides a comparative analysis of the essential characteristics of cadastral and market value of land
plots as key categories of appraisal activities in the Russian Federation. Methodological approaches to deter-
mining each type of value are examined, and their fundamental differences are identified in terms of the purpo
es of establishment, calculation methods, frequency of revision, and the degree of influence of market factors.
It is substantiated that the cadastral value, being derived from the market value, often demonstrates significant
deviations from real market indicators due to the mass nature of the assessment and the limited availability of
initial data. The problematic issues of ensuring the reliability of the state cadastral assessment are analyzed,
including the shortcomings of the methodology, the unreliability of the initial data of the USSRE and the per-
sonnel problems of budgetary institutions. Promising directions for improving the accuracy of SCV in connec-
tion with the transition to the use of a single digital platform “National Spatial Data System” from 2026 are con-
sidered. The conclusion is made about the need for an integrated approach to solving the problem, combining
the improvement of the regulatory and methodological framework, improving the quality of information support
and the introduction of a single software for conducting SCV. Practical recommendations for improving the ac-
curacy of cadastral valuation based on modern digital solutions are proposed. The research results can be used
to improve the methodological support for state cadastral valuation and in the educational process when training
specialists in the field of land management and cadastres.

Keywords: cadastral value, market value, state cadastral valuation, land plot, Unified Digital Platform, National
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INTRODUCTION

he modern system of land resource manage-
Tment and real estate taxation in the Russian
Federation is based on two fundamental valu-
ation categories — the cadastral and market value
of land plots. Despite their apparent similarity, these
concepts have fundamental differences in terms of
their application purposes, determination methods,
and degree of reliability. The cadastral value, serving
as the basis for calculating land tax and rental fees,
has a direct impact on the economic interests of mil-
lions of landowners and users [1]. The market value,
in turn, reflects the real worth of an object in a free
market and is used in civil law transactions [2, 3].
The problem of the discrepancy between these
two types of land value becomes particularly relevant
in the context of the reform of the state cadastral
valuation (SCV) system, which began with the adop-
tion of Federal Law No. 269-FZ in 2020, and entered
a new stage on January 1, 2026, with the introduc-
tion of Federal Law No. 243-FZ dated July 23, 2025,
and the transition to the use of the National Spatial
Data System (NSDS) [4, 5]. The aim of this study is to
identify the essential differences between the cadas-
tral and market value of land plots and to determine
ways to improve the accuracy of the cadastral valua-
tion based on an analysis of current trends in the de-
velopment of appraisal activities.

APPROACHES TO DETERMINING
CADASTRAL AND MARKET VALUE

The concept of cadastral value of a real estate
object includes the result of the valuation of the real

estate object obtained as of a specific date, deter-
mined based on price-forming factors and method-
ological guidelines for cadastral valuation. The ca-
dastral value is determined for taxation purposes
based on market information and other information
related to the economic characteristics of the use
of the real estate object. State cadastral valuation is
a set of procedures aimed at determining the ca-
dastral value of real estate objects, which is carried
out simultaneously for all objects registered in
the Unified State Register of Real Estate (USRRE)
within the territory of a constituent entity of the Rus-
sian Federation [5].

In turn, market value, in accordance with the Fed-
eral Valuation Standard, is the most probable price
at which the subject of valuation can be disposed of
on the open market, subject to a number of condi-
tions: the transaction is carried out between well-
informed parties acting in their own interests and not
under duress [6]. The fundamental difference be-
tween market value and cadastral value lies in the in-
dividual nature of its determination, whereas cadas-
tral value is mass-based and is calculated for all
objects simultaneously. However, upon closer ex-
amination, there are many more differences.

For clarity, the differences between cadastral
and market value are systematized in Table.

Based on the data presented, it can be conclud-
ed that the cadastral value is derived from the mar-
ket value, and due to the mass nature of the valua-
tion and the limited nature of the initial data, it often
shows significant deviations from real market indica-
tors, which has a negative impact on the process of
conducting the cadastral valuation [9].
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PROBLEMATIC ISSUES RELATED
TO ENSURING THE RELIABILITY
OF STATE CADASTRAL VALUATION

An analysis of the practice of conducting SCV
allowed us to identify several groups of problematic
issues that negatively affect the accuracy of deter-
mining the cadastral value of land plots.

Problems related to organization
and staffing

In the constituent entities of the Russian Federa-
tion, state budgetary institutions vested with the au-
thority to conduct state-controlled appraisals face
problems related to insufficient staffing, the lack of
clear requirements for employees’ qualifications,
and insufficient funding. These factors objectively
reduce the quality of appraisal work and increase
the likelihood of errors.

Methodological problems

The lack of a unified methodology and method-
ology for conducting SCV in the past led to the fact
that different regions used different approaches
and methods, which created inconsistencies in
the evaluation results. A number of contradictions
and gaps have been identified in the Methodologi-
cal Guidelines on SCV, in particular: the procedure
for solving the problem of the discrepancy between
the type of permitted use of the land plot according
to the document and its actual use has not been reg-
ulated; a contradiction has been revealed between
the Methodological Guidelines and the Federal Law
“State Cadastral Valuation” regarding the lack of

authority from Rosreestr to provide the SBI with
the necessary information on transactions with real
estate [5, 8].

Inaccuracy of the source data

The use of unreliable source data when con-
ducting SCV, which are taken from the USSRE, is
one of the most serious problems. Errors in informa-
tion about the characteristics of land plots — area,
location, type of permitted use — directly affect
the assessment result. There is a lack of market in-
formation, especially in municipalities with an un-
derdeveloped real estate market, a lack of informa-
tion on the engineering support of facilities and
contradictory information from the Unified State
Register of Legal Entities [10].

Technological problems

Until 2026, there was no unified software pack-
age for conducting the SCV that would take into ac-
count all the requirements of the Methodological
Instructions [8]. Different state budgetary institu-
tions used different software products, which led to
data fragmentation and lack of transparency in
the algorithms for calculating the cadastral value.

Problems of interdepartmental cooperation
and information exchange

A significant problem remains the lack of effec-
tiveness of interagency cooperation in the imple-
mentation of SCV. To determine the cadastral value,
information is needed from various sources: USSRE
data, information on real estate transactions from

Comparative characteristics of cadastral and market value of land plots

Comparison criterion Cadastral value

Market value

Purpose of the assessment | Taxation, rent, redemption price

Purchase and sale transactions, collateral, insur-
ance, investment projects

Assessment method Mass assessment methods Methods of individual assessment
(comparative, income-based, cost-based) [7]
Review frequency No more than once every 4 years Determined as of the valuation date for a specific

(in federal cities — once every 2 years) [5] | transaction.

Nature of the assessment Mass-scale, applicable to all regions
simultaneously

Individual, for a specific object

factors

Accounting for market Limited, based on generalized indicators Complete, taking into account all individual

characteristics

tity of the Russian Federation [5]

Subject of the assessment | The authorized body of the constituent en- | Appraiser

(an individual entrepreneur or a legal entity)

Guidelines [5, 8]

Legal regulation Federal Law No. 237-FZ, Methodological Federal Law No. 135-FZ, FSO I-VI, No. 5, 7 [6, 7]
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Rosreestr, information on engineering infrastructure from municipal
authorities, data on urban planning regulations and restrictions. The
lack of a unified system for exchanging these data leads to their ir-
relevance, inconsistency and, as a result, to a decrease in the ac-
curacy of the assessment. It is not uncommon for the USSRE to
lack up-to-date information about the type of permitted use of a
land plot or its area, and requesting information from related de-
partments takes a long time and requires additional administrative
procedures. This problem is particularly acute in relation to objects
that have not been inventoried or surveyed. The solution to this is-
sue is seen in the creation of a single digital platform that accumu-
lates all the necessary data in real time, which is implemented
within the framework of the NSDS.

A UNIFIED DIGITAL PLATFORM AS THE FOUNDATION
FOR IMPROVING THE ACCURACY OF STATE
CADASTRAL VALUATION

In response to the identified problems, Federal Law No. 243-FZ
was adopted in 2025, significantly reforming the cadastral valuation
system [5]. Starting from January 1, 2026, cadastral valuation is
carried out in all constituent entities of the Russian Federation using
the advanced federal state geographical information system “Na-
tional Spatial Data System” (NSDS) [8]. The transition to the NSDS
platform has ensured a unified calculation algorithm across the en-
tire country, increased its transparency, and improved the accuracy
of cadastral valuation results. This unified digital platform contains
spatial data that serve as price-determining factors. In addition, this
innovative methodology actively employs modern Earth remote
sensing technologies, using high-resolution satellite images, as well
as precise ground geodetic measurements.

The NSDS digital platform is not just a tool for calculating ca-
dastral value, but a full-fledged ecosystem that unites all key infor-
mation resources in the field of land and property relations [11].
Within this platform, spatial data are collected and processed, serv-
ing as the basis for determining price-determining factors when
conducting cadastral valuation. A key element of the platform is
the cartographic component, which provides external information
systems with access to official cartographic layers and spatial anal-
ysis tools.

As of the end of 2025, 64 regions participated in the NSDS
project; another 11 joined in 2026, including the federal city of Sev-
astopol. More than 120 information systems — data providers — are
integrated with the platform, and the NSDS cartographic compo-
nent is already built into 15 federal and regional information sys-
tems. The NSDS includes 16 subsystems and 26 digital servic-
es [12]. The necessary decisions have been taken to ensure
the mandatory use of NSDS data in the provision of state and mu-
nicipal services; this work is planned to be completed by the end of
2028 [12].

The platform’s attendance is showing steady growth: by the end
of 2025, more than 50 million visits were recorded, and 6-7 million
hits are observed monthly, taking into account the use of the carto-
graphic component [12]. Specialized services are in particularly
high demand: “Land for Construction” saw a 10-fold increase
(from 26,000 to 260,000 visits), “Land Simple” saw an increase
from 160,000 to 1.8 million visits, and the “FGIS ECP NSDS Map”
service received 59 million visits in 2025, compared to 1.5 million
in 2024 [12].

The regulatory framework is also developing actively: as part of
the implementation of Federal Law No. 317-FZ, 10 entities in the first
wave of implementation have completed 97 % of the activities

related to making changes to administrative regulations; in total,
changes have been made to 1,892 regulations in 317 government
bodies [12]. In 2026, another 15 entities of the Russian Federation
will be additionally included in this work [12].

The NSDS is integrated into the work of federal agencies.
The Russian Ministry of Agriculture uses the “Land for a Farmer”
service, which has registered more than 6,800 plots with an area of
over 558,000 hectares in 53 regions [12]. By the end of December
2025, 35 constituent entities of the Russian Federation had gained
access to the service [12]. The Ministry of Economic Development,
using the maps component of the NSDS in the Federal State Infor-
mation System “Territorial Planning”, carries out automatic spatial
analysis, which has significantly accelerated the process of approv-
ing general plans [12]. The Ministry of Digital Development has in-
tegrated the map component of the NSDS into the Public Services
Portal, and the “Smart Cadastre” service is used to identify unreg-
istered capital construction objects [12].

It is important to note that the implementation of the NSDS
yields a significant economic effect that goes far beyond the scope
of the cadastral valuation itself. Thus, according to Rosreestr,
the digital transformation of land data and the optimization of ca-
dastral registration and registration of rights based on the NSDS
have already reduced the investment and construction cycle by 87
days — from 1,021 to 934 days, that is, by about 9 % [13]. This is
achieved by improving the quality and accessibility of spatial data,
which reduces the time required to conduct engineering surveys,
prepare design documentation, and obtain permits.

The new system enables the prompt acquisition of the neces-
sary information and the timely updating of the value of real estate
objects, provides a clear picture of the cadastral value level in dif-
ferent locations, and allows for a comparative analysis of cadastral
value indicators in neighboring or comparable territories. The task
of the FSIS ECP NSDS is to collect all significant spatial data in one
place: information about land, capital construction objects, bound-
aries, zones with special usage conditions, etc. [14]. The data will
come from multiple federal and regional systems, and a unified
electronic cartographic framework will serve as a map for their vi-
sual representation [14]. As a result, an interactive environment will
be created, where, in a single window, you can see the boundaries
of the plot, information about rights, data on protected, nature con-
servation, or other zones, and urban planning restrictions [14].

How the FGIS NSDS is useful to ordinary people:

e free verification of the boundaries, value, and encumbrances

of the plot when buying or selling real estate;

e searching for permitted zones and checking utilities during

construction planning;

e selection of available land based on specified parameters

when looking for land for business, tourism, or farming.

Online registration of a lease, easement, and urban planning
plan without unnecessary bureaucracy [14].

The transition to a common digital platform for all participants in
the process — from independent appraisers to regional authori-
ties — will ensure the use of uniform calculation methods and max-
imum transparency of the procedure [15]. To ensure a smooth tran-
sition and prevent errors, a two-year adaptation period is provided:
in 2026-2027, the use of the previous systems is still permitted [15].
Feedback mechanisms will enable citizens to participate more ac-
tively in the assessment process, and the cadastral value itself will
be determined more objectively [15].
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PRACTICAL RECOMMENDATIONS FOR IMPROVING
THE ACCURACY OF CADASTRAL VALUATION

However, despite the introduction of the new system, other
problems related to ensuring the reliability of SCV remain relevant.
Based on the analysis conducted, the following practical recom-
mendations for addressing them have been formulated:

1. Improving the information base. A systematic inventory of
the USSRE information on land plots is needed, and contradictions
and inaccuracies should be eliminated. As noted in the research,
inventory is an important tool for improving the quality of cadastral
valuation.

2. Development of methodological support. Further elaboration
of methodological guidelines on SCV is required, along with
the elimination of identified contradictions, particularly in terms of
accounting for the actual use of land plots and interaction with oth-
er government bodies.

3. Strengthening human resources. It is necessary to establish
clear qualification requirements for SBI employees involved in
the implementation of the SCV, and to ensure their regular profes-
sional development. In addition, it is advisable to introduce a sys-
tem of independent assessment of the quality of appraisers' work,
which will improve the professional level of specialists and reduce
the risks of errors during the SCV.

4. Use of modern technologies. Active use of remote sensing
technologies, geoinformation systems, and spatial analysis meth-
ods to take into account priceforming factors.

5. Ensuring transparency and feedback. Creating effective
mechanisms for submitting and reviewing comments on the results
of the SCV by right holders.

CONCLUSION

The comparative analysis of cadastral and market values of
land plots allows us to conclude that these categories, while close-
ly related, have fundamental differences in terms of their application
purposes, determination methods, and degree of reliability. The ca-
dastral value, due to the mass nature of the assessment, the limited
availability of initial data, and methodological shortcomings, often
does not correspond to market realities, which creates social ten-
sion and reduces the efficiency of taxation.

The introduction of the Unified Digital Platform “National Spatial
Data System” starting in 2026 is a crucial step towards improving
the accuracy and transparency of state cadastral valuation. A uni-
fied calculation algorithm, centralized storage of spatial data,
the use of remote sensing technologies, and the involvement of
property rights holders in the valuation process create the neces-
sary conditions for establishing a fair and economically justified
cadastral value of land plots.

Further improvement of the cadastral valuation system requires
a comprehensive approach that combines the development of
the regulatory framework, improving the quality of information sup-
port, strengthening the human resources of budgetary institutions,
and actively using modern digital technologies.

Implementing all these areas will significantly reduce the gap
between cadastral and market value, increase citizens’ and busi-
nesses’ trust in the cadastral valuation system, and ensure fair taxa-
tion of real estate.
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TeopeTUKoO-MeTo[0NIOrMYeCKmue OCHOBbI
onpepeneHus KagacTpoBou U PbIHOYHOM
CTOMMOCTH

B ctatbe npoBefeH cpaBHUTENbHbIA aHanM3 CYLUHOCTHbIX Xa-
pakTepUCTUK KagacTpoBON U PbIHOYHOM CTOMMOCTU 3EeMETTbHbIX
Yy4aCTKOB KakK KIH0YEBbIX KaTeropuin OLeHOYHON OeATEeNIbHOCTH
B Poccuiickon ®egepaunn. PaccmMoTpeHbl METOLOMOrn4yeckme
noAaxofpl K onpefeneHnio Kaxaoro Buaa CTOMMOCTH, BbISIBEHbI
VX NPYHUMAMANbHbIE Pasnuyums No Lensm yCTaHOBIIEHNS, METO-
0am pacyeta, NepuoaMyHOCTM NepecMoTpa U CTeNeHN BAUSHUA
pbIHOYHbIX hakTopoB. O60CHOBaHO, YTO KagacTpoBas CTOU-
MOCTb, ABMASICb MPON3BOAHON OT PbIHOYHOW, B CUITy MacCOBO-
ro xapaktepa OLEeHK/ U OrpaHUYEHHOCTM NCXOAHbIX AaHHbIX Ya-
CTO OEMOHCTPUPYET CYLLECTBEHHbIE OTKITOHEHUS OT pearbHbIX
PbIHOYHBIX NoKasaTenein. NpoaHanu3npoBaHbl NPO6EMHbIE BO-
npockl o6ecnevyeHns JOCTOBEPHOCTUN FrOCY[apCTBEHHON Kafja-
CTPOBOW OLIEHKW, BK/OYas HEJOCTaTKM METO[0JSIOrMU, He[Oo-
CTOBEPHOCTb UCXOAHbIX AaHHbIX EMPH 1 kagpoBble npobnembl
BIOXETHBIX yyYpexaeHnin. PaccMoTpeHbl NepcnekTuBHbIE Ha-
npaBneHns noBbileHns To4HocTn KO B CBA3M C MepexonoM Ha
ncnonb3oBaHne EguHon undposor nnatgopmbl «HaumoHanb-
Hasi cucTemMa NPOCTPaHCTBEHHbIX AaHHbIX>» ¢ 2026 roga. CoenaH
BbIBOJ, O HEO6XOAUMOCTM KOMMJIEKCHOrO NoaxoAa K peLUueHnto
npo6semMbl, COYeTaloLLEro COBEPLUEHCTBOBAHNE HOPMATUBHO-
MeToAMYECKOWN 6a3bl, MOBbILLIEHE KayecTBa MHPOPMaLNOHHO-
ro o6ecrneyvyeHus U BHegpeHue equHoro nporpammMHoro o6ec-
neyvexus ana nposeperusa MKO. MpennoxeHbl NpakTuyeckue
pEKOMEHALMM MO MOBbILLEHNIO TOYHOCTM KagacTpPOBOM OLIEH-
KV Ha OCHOBE COBPEMEHHbIX LIMPOBbIX peLleHnin. Pesynbratsl
ncenefoBaHusa MoryT 6bITb MCMONb30BaHbI MPU COBEPLLEHCTBO-
BaHWM METOAMYECKOro obecnevyeHns rocyqapcTBEHHON Kapa-
CTPOBOW OLIEHKM 1 B y4eH6HOM npoLiecce npv NofroToBke crneum-
anncToB B 06/1aCTV 3eMNeyCTpoNCcTBa U KagacTpoB.

Knro4deBble cnoBa: kagacTpoBasi CTOMMOCTb, PbIHOYHAs CTou-
MOCTb, FOCY[apCTBEHHas KaaacTpoBasi OLeHKa, 3eMeJSIbHbIV y4a-
cToK, EqnHas ymngposas nnargpopma, HaumoHanbHasi cuctema
MPOCTPAHCTBEHHbIX JaHHbIX, JOCTOBEPHOCTb OL€HKU, 3EeMIIe-
YCTPOVICTBO, KagacTpbl
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This paper examines the comprehensive impact of urban development processes on the preservation and ra-
tional use of agricultural lands and natural areas. The study analyzes current urbanization trends in the Russian
Federation, which lead to a reduction in the area of productive agricultural land, its degradation, and unjustified
transfer to other land categories. Key challenges and contradictions in peri-urban areas are investigated, where
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mechanisms for protecting agricultural lands, including the tightening of rules for the transfer of agricultural land
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INTRODUCTION

rbanization processes, as an integral part of
U socioeconomic development, exert a multi-

faceted influence on the environment and
land resources. The expansion of cities, infrastruc-
ture development, and housing construction inevita-
bly entail the transformation of adjacent areas, often
affecting valuable agricultural lands and natural land-
scapes. This problem is particularly acute for
the Russian Federation, which possesses a signifi-
cant land fund but faces challenges in the rational
use and preservation of productive lands amid active
urban development.

The relevance of the topic is determined by
the need to strike a balance between the demands
of urban development, ensuring the country's food
security, and preserving the natural potential of ar-
eas. As V.I. Denisov and |.M. Potravny rightly note,
lands near cities are subject to active demand from
various economic entities, including residential de-
velopers, recreational facilities, and agricultural pro-
ducers, which generates intense competition for their
use. This poses a complex challenge for the state
and society to develop effective land resource man-
agement mechanisms capable of preventing irratio-
nal use and degradation.

The purpose of this work is to conduct a com-
prehensive analysis of the impact of urban develop-
ment on the preservation of agricultural lands and
natural areas, identifying the main threats and con-
tradictions, as well as determining promising direc-
tions for improving territorial planning and land pol-
icy in the Russian Federation.

CHAPTER 1. CURRENT TRENDS AND
CHALLENGES OF URBAN DEVELOPMENT
FOR AGRICULTURAL LANDS

1.1. Scale and Dynamics of Agricultural Land
Reduction

An analysis of the structure of the land fund of
the Russian Federation indicates a steady trend to-
ward a reduction in the area of agricultural lands. Ac-
cording to the State Report on the State and Protec-
tion of the Environment, over the period from 2010
to 2018, their share decreased from 23 to 22.4 %,
concurrently with an increase in lands of settlements
and industry [1, p. 33]. In absolute terms, the area of
settlement lands increased by 0.9 million hectares,
or4.6 % [1, p. 33].

The most intensive transformation processes oc-
cur in peri-urban zones of large cities. Research by
Denisov and Potravny demonstrates that in the Cen-
tral and Northwestern Federal Districts (Table), over

Share (%) of land categories in the total utilized area by administrative districts of the non-chernozem zone
of the European part of the Russian Federation (1995 and 2019)

Land Users Central Federal District Northwestern Federal District
Land Category 1995 2019 1995 2019
Agricultural enterprises 53.8 38.4 64.6 48.0
Dacha plots, homesteads 1.7 36.7 7.4 29.5
Industrial facilities 7.6 5.1 8.3 7.9
Sports and recreational complexes 5.8 10.8 5.0 8.3
Other categories 211 9.1 14.7 —
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the period from 1995 to 2019, the share of agricul-
tural enterprise lands decreased from 53.8 t0 38.4 %
and from 64.6 to 48.0 %, respectively. Simultane-
ously, the share of dacha plots and homesteads in-
creased nearly threefold — from 11.7 to 36.7 % in
the Central District [1, p. 34]. This indicates signifi-
cant pressure on the agricultural sector from resi-
dential and recreational land use.

More alarming dynamics are observed over
the long-term horizon: compared with 1995, the area
of agricultural lands decreased by 42 %, and from
2010 to 2020 — by 4.6 % [2]. For comparison, ac-
cording to FAO data, from 1990 to 2020, the global
agricultural land area decreased by only 2.1 % [2].
Thus, the rate of reduction in Russia significantly ex-
ceeds the global average.

Studies also confirm a direct correlation be-
tween the level of urbanization and the loss of agri-
cultural land. In low- and medium-urbanized groups,
the reduction amounted to 0.3 % (relative to the 1999
level), in highly urbanized groups — 0.5 %, and in ag-
glomerations — 1.9 %. More than 60 % of total loss-
es (535.5 thousand hectares) occur precisely in
highly urbanized regions and agglomerations [3].

1.2. Main Factors and Reasons
for Unjustified Land Transfer

The reduction of agricultural lands near cities is
driven by a complex of economic, legal, and social
factors.

From an economic perspective, peri-urban lands
possess high value due to differential rent based on
location. Proximity to markets, transport infrastruc-
ture, and utilities make them attractive for develop-
ment. Agricultural enterprises, as the least competi-
tive, cannot compete with developers for ownership
of plots, leading to their displacement from the most
advantageous areas [1, p. 32].

Legal issues are associated with the absence of
clear boundaries for agricultural lands in the Unified
State Register of Real Estate (USRRE). Currently,
this information is contained only in the Unified Fed-
eral Information System on Agricultural Lands (UFIS
AL), which makes land information legally “fluid”
and vulnerable to unjustified redistribution [4]. It is
precisely the absence of boundaries in the USRRE
that allows agricultural lands to be transferred to
other categories, threatening their loss as an agri-
cultural resource [4].

A significant problem is also the non-use of
lands for their designated purpose. According to
the Ministry of Agriculture of Russia, as of Janu-
ary 1, 2022, the area of unused agricultural lands
was estimated at 44.94 million hectares, including
18.65 million hectares of arable land. The area of

unclaimed land shares amounts to 11.32 million
hectares [5]. Actual arable land losses are even
higher: whereas in 1990 the sown area was 131.02
million hectares, in 2021 it was only 91.70 million
hectares [5].

The social aspect is related to the growing demand
for suburban real estate, facilitated by the develop-
ment of transport accessibility, remote work, and the de-
sire to live in a better ecological environment. This
leads to the active development of peri-urban areas
for individual housing construction, fragmentation of
agricultural landscapes, and reduction of arable
land [6].

CHAPTER 2. LEGAL AND INSTITUTIONAL
MECHANISMS FOR THE PROTECTION
OF AGRICULTURAL LANDS

2.1. Reform of Legislation in the Sphere
of Agricultural Land Turnover

In recent years, the state has consistently tight-
ened the rules for transferring agricultural lands to
other categories. A key change was the introduc-
tion, effective March 1, 2026, of a new procedure for
the transfer of agricultural land to settlement lands
based on Federal Law No. 52-FZ of April 1, 2025
[1]. Transfer is now permitted only in exceptional
cases, clear prohibitions and restrictions have been
introduced, and the transfer of particularly valuable
productive lands is not permitted [1].

The principle of “two keys” has been introduced:
decisions by regional government bodies are made
only in coordination with the Ministry of Agriculture
and upon the conclusion of the governor [7]. This
limits the ability of local authorities to unilaterally
transfer valuable lands for development. The law al-
so prohibits the withdrawal of agricultural lands for
the extraction of common minerals [2].

Of significant importance is the work on entering
agricultural land boundaries into the USRRE. Draft
Law No. 943257-8 proposes a mechanism for fixing
boundaries with graphic descriptions and coordi-
nates. The law is expected to come into force on July
1, 2026, by which time the development of a digital
map-scheme and integration of registry systems
must be completed [4]. This will lay the foundation
for the legal protection of agricultural areas.

Changes have also affected the involvement of
unused lands. Federal Law No. 101-FZ (as amend-
ed on December 29, 2022) facilitates the transfer of
lands formed from unclaimed shares to municipal
ownership. Local self-government bodies have re-
ceived the right to participate in meetings of share-
holders and transfer such plots for lease [5]. Since
2016, the Land Code has established a prohibition
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on the use of lands adjacent to rural settlements for purposes not
related to agriculture [2].

2.2. Improvement of Territorial Planning Instruments

An important role is played by the general plans of municipali-
ties, which determine the directions of territorial development, zon-
ing, and requirements for the preservation of natural objects [8]. ITP
“Grad” at the “Agro Management 2026” forum presented approa-
ches linking territorial development with the preservation of agricul-
tural lands, prioritizing human interests and the quality of the living
environment [9].

When developing general plans, a calculation of territorial
needs is conducted. If existing lands are insufficient, the need
arises to expand boundaries at the expense of agricultural lands [9].
However, this is a strategic decision that requires consideration of
the planning structure, infrastructure, and environmental constraints [9].
It is important that the inclusion of a plot within the boundaries of
a settlement does not complete the change of category but only
creates a legal possibility, followed by the procedure provided by
law [10].

General plans designate zones of various functional purposes,
including agricultural use zones and particularly valuable lands [6].
Territorial planning scheme projects are checked for compliance
with agricultural development goals [1]. At the same time, for more
effective protection of lands, it is necessary to conduct ecological
and economic zoning as part of land management projects, which
will allow for more complete consideration of local characteristics.

CHAPTER 3. SOCIOECONOMIC AND ENVIRONMENTAL
CONSEQUENCES OF URBANIZATION IN PERI-URBAN
AREAS

3.1. Economic Contradictions and Ways to Resolve Them

At the heart of the conflict between development and the pres-
ervation of agricultural lands lie profound economic contradictions.
Land near cities is a limited resource with high capital value. Among
users, three groups can be distinguished: agricultural enterprises,
non-agricultural developers, and recreational facilities [1, p. 36].
The competitiveness of developers is higher, as their profitability
from land use significantly exceeds that of agriculture. This leads
to the most fertile lands being the most vulnerable to development
[1, p. 37].

A striking example is the Leningrad Oblast. The construction of
the Ring Road led to the loss of 1,020 hectares of arable land belong-
ing to the “Ruchi” stud farm [9; 11]. In the Vsevolozhsk District, urban-
ization led to the emergence of new cities (Bugry, Kudrovo, Murino)
and significant loss of arable land by agricultural enterprises [9].

To resolve contradictions, a set of measures is needed: eco-
nomic incentives for agricultural producers (subsidies, compensa-
tion, preferential lending) and administrative restrictions for develop-
ers (strengthening control over intended use, prohibition of con-
struction on valuable lands) [1, p. 38]. It is important to remember
that urbanization carries not only negative aspects: the development
of processing of local raw materials in cities creates linkages be-
tween urban and rural economies, contributing to the growth of well-
being on both sides [5].

3.2. Environmental Consequences of Urban Development

Urbanization has a significant negative impact on nature. Rural
areas suffer from industrial waste, loss of water resources, and pol-
lution. Fertile lands are built over, leading to reduced production.

Changes in the production structure toward intensification increase
the use of chemicals and worsen the ecological situation [10]. Land
degradation reduces their fertility [10].

Special attention should be paid to biodiversity. The growth of
cities and landscape changes lead to the loss of traditional farming
methods and the reduction of farm plant varieties adapted to local
conditions [4]. Fragmentation of lands reduces genetic exchange
between populations, leading to isolation and impoverishment of
genetic diversity [4].

CHAPTER 4. SOLUTIONS TO THE PROBLEM
AND RECOMMENDATIONS FOR SUSTAINABLE
DEVELOPMENT OF PERI-URBAN AREAS

4.1. Forecasting and Planning of Land Use as a Tool
for Agricultural Land Preservation

Solving the problem requires a transition to strategic planning
and integrated land resource management. An important tool is
forecasting. Using the Belgorod Oblast as an example, an ap-
proach to statistical modeling of arable land areas has been devel-
oped [6, 8]. According to the forecast, regional programs for
the preservation of meadow lands will lead to a reduction in arable
land by 3.07 % (83.2 thousand hectares). In one district with high
rates of urbanization, the transformation of about 6.2 thousand
hectares of arable land into residential development lands is fore-
cast, with 2/3 of the area within 6 km of Belgorod [6, 8]. This ap-
proach is relevant for all agricultural regions.

It is necessary to form a balanced system ensuring equilibrium
between the preservation of agricultural lands, food security, and
housing development [9]. An example is the general plan of the Sy-
sert Urban District, where the goals of nature conservation and ag-
ricultural development are considered complementary rather than
conflicting [12, 13].

4.2. Stimulating the Efficient Use of Agricultural Lands
and Development of Institutions

Alongside restrictions, measures are needed to stimulate effi-
cient use. State support for agricultural enterprises should be ex-
panded, particularly in land acquisition and technology adoption
[1, p. 38]. A key mechanism is bringing unused plots into circulation
(in Russia, up to 30 % of such lands exist). In 2024, 2.4 million hect-
ares were returned, and by 2030 it is planned to bring up to 13 mil-
lion hectares into circulation [4, 14, 15].

The role of land management is also important: work is needed
on the formation of plots, surveying, cadastral registration, and
rights registration [2]. Simplification of these procedures for un-
claimed shares will accelerate the return of lands.

The development of peri-urban agriculture to supply cities with
fresh produce is promising, as is the application of innovative tech-
nologies (hydroponics, aeroponics) that allow crops to be grown
in urban conditions without occupying agricultural lands [10].

CONCLUSION

The conducted analysis shows that urban development creates
a complex of threats to agricultural lands. The expansion of cities
and infrastructure leads to the unjustified reduction of productive
lands, their degradation and fragmentation, creating a threat to
food security. The problem manifests itself most acutely in peri-
urban zones.

The state is taking active steps: new rules for land transfer are
being introduced (coordination with the Ministry of Agriculture and
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the governor, prohibition on the transfer of particularly valuable
lands), mechanisms for the seizure of unused lands and the entry of
boundaries into the USRRE are being improved, and strategic plan-
ning is being developed. However, the problem requires a compre-
hensive solution, including economic incentives, support for the ag-
ricultural sector, and the development of peri-urban farming.

Promising areas of research include the development of me-
thodologies for ecological and economic zoning, analysis of the ef-
fectiveness of new legislative mechanisms, and investigation of
the socioeconomic effects of sustainable land use. The imple-
mentation of such an integrated approach will make it possible
to ensure a balance between urban development and the preserva-
tion of the strategic resource of agricultural lands for future genera-
tions.
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BnusiHwe rpagocTponUTeNbHOro pa3snTus
Ha cOXpaHeHue CeJIbCKOXO3ANCTBEHHbIX
3emeb U NPUPOAHbIX TEPPUTOPUN

B ctatbe paccmaTtpuBaeTcsi KOMMIEKCHOE BAMUSIHME MPOLIECCOB
rpafoCTPOUTENBHOrO Pa3BUTUA Ha COXPaHEHUE U paLMoHasb-
HOE MCMOoJIb30BaHNE 3eMeSlb CEeJTbCKOXO3SMCTBEHHOIrO Ha3Ha4e-
HUSI Y MPUPOIHbIX TEPPUTOPUIN. AHATIM3UPYIOTCA COBPEMEHHbIE
TeHaeHunn ypbaHusaumm B Poccuickon depgepaunm, npusoas-
LMe K COKpaLLEHUIO MoLlaan NpoAyKTUBHbBIX CENbX03Yroaui,
nx gerpagaumuy u Heo60CHOBaHHOMY NMEPEBOY B UHblE KaTero-
pun. ViccneayoTcs Knto4eBble BbI30BbI Y MPOTUBOPEUNS HA MPU-
rOpOAHbIX TEPPUTOPUSX, FTAE CTANIKMBAIOTCA MHTEPECHI arpapHo-
ro cektopa, geBenonepoB u rocygapcrea. Oco6oe BHUMaHue
yOoenseTcs npaBoBbIM MexaHu3MaM 3alUnTbl CenbX033eMelb,
BKJlOHAs YXECTOYEHWE NpaBus NepeBofa Yroauin B Katero-
puto 3eMeNb HaCeNeHHbIX MYHKTOB U MepPbl MO BOBJIEYEHUIO He-
1cnosib3yemMbix 3eMesib B 060poT. PaccmatpuBaloTcs Noaxofp!
K pa3paboTke reHepasnbHbIX N1aHoB, 06ecneymBatoLLme coanaH-
CUpOBaHHOE TeppUTopuanbHoe pa3Butue. Ha ocHoBe aHanusa
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Management of technological solutions
in industrial construction investment projects

An industrial capital project is aimed at creating a production system in which buildings and structures, utility sys-
tems, process equipment, automation, and personnel ensure the required output of industrial products under
specified operating conditions. The article examines how the mechanisms used to select process engineering so-
lutions affect design decisions, cost parameters, procurement procedures, specialized installation activities, pro-
cess control and automation systems, and commissioning.

The study analyzes the management-specific characteristics of capital projects and the procedure for end-to-
end verification of process engineering solutions from the design brief through the startup of an industrial facility.
The research is based on an analysis of regulatory documents, industry standards, and scientific publications on
front-end project planning, work organization, cost estimating, management of approvals, and industrial facility
commissioning and startup.

The ability of the facility to perform its intended production function is adopted as the criterion for successful pro-
ject delivery. A process engineering solution is proposed as a single object of control across the design brief,
design documentation and cost estimates, procurement, construction and installation, process control and au-
tomation documentation, and commissioning. The results may be used by the owner, the owner's technical rep-
resentative, the design consultant, and the contractor when developing input data, approving alternative equip-
ment, preparing the budget, and organizing facility startup.

Keywords: industrial capital project, process engineering solutions, design brief, design documentation and
cost estimates, cost management, process equipment, construction and installation, procurement, process
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INTRODUCTION

anagement of a capital and construction
M project includes management of schedule,

cost, quality, procurement, risks, and chang-
es [1]. For an industrial facility, however, the project
outcome cannot be assessed solely against these
dimensions. Completion of an industrial project
means that the equipment has been installed and
connected, utility systems provide the required pa-
rameters, automation is operational, all necessary
tests have been completed, and the operations per-
sonnel have received the full set of operation and
maintenance (O&M) documentation.

The manufacturing process establishes the initial
requirements for the facility's structural and engineer-
ing design. Process equipment parameters deter-
mine loads, layout, and installation conditions, while
process characteristics define requirements for utility
systems, power supply, automation, and safety. Con-
sequently, a process engineering solution simultane-
ously affects the spatial, technical, cost, procure-
ment, and organizational parameters of the project.

This interdependence is most evident when pro-
cess equipment is changed. Substitution of a single
equipment item may require revisions to structural
and engineering design, power supply and automa-
tion systems, scope of work, cost estimates, deliv-
ery schedule, and test program. In a standard pro-
curement review, such a substitution is often asses-
sed in terms of price and lead time. That assess-
ment alone, however, cannot confirm compatibility
with the adopted facility configuration.

The research problem is that the parameters
of a single process engineering solution are success-

ively transformed into design, cost, procurement, in-
stallation, and operational decisions, while in prac-
tice they are controlled by different participants and
in different documents. As a result, a change ap-
proved at one stage may not be reflected in the de-
sign documentation, cost estimates, project sched-
ule, or other documentation required for construction
and installation.

The aim of the study is to identify the manage-
ment-specific features of process engineering solu-
tions in industrial capital projects and to determine
the parameters that should be verified from the de-
sign brief through commissioning. The object of
the study is industrial capital projects. The subject
of the study is the organizational and management
processes for approving and changing process en-
gineering solutions during design, cost estimating,
procurement, construction and installation, automa-
tion, and commissioning.

In this study, a process engineering solution is
defined as a set of equipment parameters, process
characteristics, and operating conditions that deter-
mine requirements for the facility's structural de-
sign, utility systems and automation systems, scope
of work, and conditions for putting the facility into
operation. These parameters should be reflected
consistently in the design brief, design documenta-
tion and cost estimates, cost model, procurement
documentation, construction and installation activi-
ties, and commissioning. Thus, the process engi-
neering solution is treated as a single object of man-
agement throughout all stages of an industrial
capital project delivery.
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PROCESS ENGINEERING DRIVERS OF INDUSTRIAL
CAPITAL PROJECT DECISIONS

Design decisions in industrial projects depend on the manufac-
turing process to be implemented. In civil construction, requirements
are primarily determined by the building's intended use and operat-
ing conditions. For an industrial facility, the manufacturing process
is an additional and often decisive factor: equipment parameters,
process media, and operating modes affect the structures, utility sys-
tems, and facility layout. If equipment loads on the building, connec-
tion points to process and utility systems, requirements for air clean-
liness, temperature, pressure, drainage, or maintenance access are
not taken into account, the facility may be unable to perform its in-
tended production function.

This dependency is particularly pronounced in projects involv-
ing unique, oversized, or dynamically loaded equipment. Floor and
foundation load-bearing capacity, elevations, installation openings,
transport routes, maintenance clearances, and dismantling condi-
tions must be defined in advance. In chemical, pharmaceutical,
and food-processing facilities, the manufacturing process also af-
fects ventilation, dust extraction, dedicated process piping, drain-
age, room classifications, and material requirements. Late revisions
to process data therefore trigger changes across multiple design
disciplines and the scope of construction and installation works.

The close coupling between building parameters and equipment
explains why a process change cannot be treated as an isolated revi-
sion. An increase in machine weight changes the foundation and
floor calculations. New temperature, pressure, or cleanliness require-
ments affect ventilation, piping, drainage, and power supply. Re-
placement of equipment with a different input/output (I/O) list re-
quires revisions to cable routes, control panels, and control
algorithms. The later a change enters the design, the more complet-
ed or contracted work must be reconsidered.

The design brief for an industrial facility is usually refined as equ-
ipment is selected. At an early stage, the production program is
known; later, suppliers provide weight, dimensions, connection sizes,
utility consumption, maintenance requirements, and automation re-
quirements. For each unconfirmed parameter, it is advisable to re-
cord the source of information, the responsible party, and the list of
decisions developed on the basis of the relevant assumption.

e Equipment

Have capacity, weight, dimensions, or
connection points changed?

Check the equipment datasheet and specification

A further characteristic of industrial projects is the difference
between the facility delivery cycle and the technology renewal cy-
cle. The design brief records the current production configuration,
but the owner may change the product range, capacity, or equip-
ment configuration before construction is complete. The design
should include only those allowances for loads, utility capacity, di-
mensions, and maintenance clearances that are supported by
the production program and the project's economic justification.
Excessive allowances increase cost, while their absence can make
future modification disproportionately expensive.

During the reconstruction of an operating facility, archived doc-
umentation often differs from the actual arrangement of utilities and
equipment. Production operations may impose specific work win-
dows, outage durations, permissible noise and dust levels, and ac-
cess restrictions. Therefore, before detailed design solutions are
issued, project participants should verify actual dimensions, the lo-
cation of existing utilities, available spare capacity in utility systems,
and the outage sequence. These data are required by the design
consultant to issue documentation, by the contractor to prepare
and organize the work, and by operations personnel to coordinate
outages.

At an operating facility, a process engineering solution must
also be assessed in terms of its impact on production output. Even
a technically correct change may be unacceptable if it requires
an extended production shutdown, no suitable work window is
available, or existing utility systems cannot be isolated safely.
The design documentation, project schedule, and production plan
should therefore be based on the same set of constraints. If they
are not aligned, the contractor may be technically ready to start
work while the facility cannot make the required workface available.
Key questions for evaluating such changes are shown in Fig. 1.

The parameters of a process engineering solution originate
from different sources and are confirmed through different proce-
dures. Equipment characteristics are generally refined by the sup-
plier; requirements for the installation of process equipment and
process piping are defined by the design solutions and applicable
codes and standards [2, 3]. For hazardous production facilities,
the design scope of solutions is additionally governed by industrial

o Interfacing systems

Do piping, ventilation, power supply, or
automation systems need to change?

Check drawings, calculations, and safety requirements

Verify the solution before approval

Assess the consequences of changes before handover to the next stage

9 Supply

Do scope, documentation, cost, and delivery
time meet project requirements?

Check the supplier proposal and contract

Source: compiled by the author.

o Installation & Commissioning

Is the workface ready? Will installation
methods, labor hours, or the schedule
change?

Reflect changes in the cost estimate and schedule

Fig. 1. Key questions when selecting and changing process engineering solutions
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safety requirements [4]. Automation systems require a separate set
of design and O&M documentation during their development and
commissioning stages [5]. Accordingly, changes to a process en-
gineering solution cannot be approved solely between the owner
and the supplier; they should be reviewed with participation from
the process engineer, design consultant, cost estimator, automa-
tion engineer, contractor, and representative of the facility operator.

Thus, in industrial projects, the manufacturing process provides
input data for structural, engineering, cost, and organizational deci-
sions. A change to equipment or the process should be approved
only after its implications for design decisions, procurement proce-
dures, construction and installation, testing, and the startup sched-
ule have been assessed. This is the key distinction between a pro-
cess-related change and an isolated revision to an individual
section of the documentation.

END-TO-END VERIFICATION OF A PROCESS
ENGINEERING SOLUTION

End-to-end verification of a process engineering solution be-
gins with the requirements of future operation: the manufacturing
process defines the input data and content of the design brief, after
which the adopted parameters should be reflected consistently
in design documentation and cost estimates, procurement, con-
struction and installation, process control and automation docu-
mentation, and the commissioning program. The Project Definition
Rating Index, Advanced Work Packaging/WorkFace Planning, and
interface management, discussed below, are applied at different
points in this sequence and help control the level of definition and
consistency of the process engineering solution.

In international practice, PDRI-Industrial (Project Definition Rat-
ing Index) is used to assess front-end planning for major industrial
projects. It is a structured checklist for evaluating project definition:
70 elements are grouped into three sections — Basis of Project
Decision, Basis of Design, and Execution Approach. The project
team uses it to assess the definition of the production program,
process technology, process flow diagrams, site characteristics,
piping and instrumentation diagrams (P&IDs), and the project

PDRI

Are the input data and key decisions
suffecient for detailed design?

AWP

Are engineering, procurement, and
construction properly integrated?

delivery approach. According to the Construction Industry Institute,
projects with high Front End Engineering Design (FEED) maturity
and a high PDRI accuracy achieved 24 % greater project certainty
and 12 % better change performance than projects with low FEED
maturity and low PDRI accuracy [6].

Advanced Work Packaging (AWP) is an approach to organizing
industrial projects around work packages. Under AWP, engineer-
ing, procurement, and construction are aligned with the installation
sequence: before field work begins, drawings and materials should
be available, access to the workface secured, the required tools
and equipment provided, and safe working conditions established.
WorkFace Planning (WFP) is short-range planning at the workface
used to verify this readiness before a specific task starts [7].

A 2025 study compared two independent samples: 61 projects
from a productivity consulting firm and 23 projects from a large engi-
neering, procurement, and construction (EPC) firm. Direct-work rate is
defined as the share of craft labor time spent directly installing, as-
sembling, or connecting equipment; waiting for materials and draw-
ings, obtaining access to the workface, and other delays are exclud-
ed. In the first sample, the direct-work rate was 42.75 % with AWP and
WEFP versus 35.00 % in traditional projects. In the second sample, it
was 52.93 % with WFP versus 46.44 %. These results indicate that
ensuring the readiness of documentation, materials, and the workface
in advance can help reduce waiting time and delays associated with
an insufficiently developed process engineering solution [8].

Fig. 2 summarizes the functions of PDRI, AWP, and WFP within
the end-to-end verification of a process engineering solution. These
tools are treated as complementary: PDRI is used to assess the com-
pleteness of input data and the level of design-brief definition, while
AWP and WFP align design, procurement, and readiness for con-
struction and installation. This allows process engineering param-
eters and the required readiness conditions to be verified before
work is transferred to the next project stage.

The central management task in an industrial project is to main-
tain the consistency of process engineering parameters as they are
transferred between project stages. In the design brief, the process
engineering solution is expressed through requirements for capacity,

WFP

Are materials and documents ready?
Is labor available? Is access
to the workface secured?

Direct-work rate of craft workers, %

Sample: 61 projects

Traditional 35.00

AWP + WFP 42.75

20 40 60

Sample: 23 projects

Traditional 46.44

WFP 52.93

20 40 60

Two independent samples; the size of each sample is shown above the corresponding chart

Source: compiled by the author based on [6-8].

Fig. 2. Functions of PDRI, AWP, and WFP in end-to-end verification of a process engineering solution
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Equipment
specification

Defines the model and key
equipment parameters

Design
documentation

Translates parameters
into structural and engineering
design solutions

If an equipment parameter changes
it is rechecked in all downstream blocks

Source: compiled by the author based on [9, 10].

Defines installation and testing

Cost estimate and
project schedule

Translates solutions
into quantities,
cost, and time

Scope of work

activities

Fig. 3. Relationship of a process engineering solution to the scope of work, cost estimate, and project schedule

process media, operating mode, and maintenance conditions; in
the design documentation, these requirements are translated into
layout and engineering design solutions; and in the cost estimates,
they are converted into the scope of work, resources, and costs. Pro-
curement documentation fixes the selected equipment item, delivery
dates, service and maintenance requirements, and the spare-parts
package. During construction, installation, and commissioning, com-
pliance with the process engineering solution is verified against
the actual readiness of equipment and systems for startup.

End-to-end verification is performed against a list of key pro-
cess engineering parameters. For equipment, these include capac-
ity, dimensions, weight, loads, process media, connection points
to process and engineering systems, power-supply parameters,
the process control and automation signal list, maintenance condi-
tions, and delivery lead time. For process piping and engineering
systems, the material, diameter, pressure, temperature, test method,
and required as-built documentation are recorded. When the proj-
ect moves to the next stage, the responsible participant should
confirm that the relevant parameters are reflected in the documents
and work under that participant's responsibility.

The design brief defines the functional purpose of the equip-
ment and its operating conditions: capacity, operating mode, pro-
cess media, product-quality requirements, maintenance, and safe-
ty. At an early stage, the specific equipment model may not yet be
selected. In that case, unresolved parameters are included in
an open-items register with the data source, responsible partici-
pant, and confirmation deadline. The register is used during design
development, preparation of design documentation and cost esti-
mates, and requests for quotation.

The minimum set of input data depends on the type of produc-
tion process; however, for most facilities it is necessary to define
equipment capacity and operating mode, requirements for process
media, dimensions and weight, connection points to process and
utility systems, maintenance clearances, safety requirements, and in-
stallation conditions. Reconstruction projects also require survey
results, available spare capacity in utility systems, permissible out-
ages, and constraints associated with ongoing operations. Where
the design brief is incomplete, adopted assumptions should be re-
corded in a separate project document.

The U.S. Government Accountability Office (GAO) is an over-
sight agency of the U.S. Congress. Its guide describes approaches

to developing and auditing cost estimates for government capital
projects, including construction projects. This article uses the gui-
de's principle that a cost estimate should be based on the project's
technical baseline, work breakdown structure, and explicitly docu-
mented assumptions [9]. Design documentation and cost estimates
define the scope and cost of work, while the project schedule de-
fines the timing. Comparing these documents with the technical
baseline makes it possible to verify that the work and resources
required to implement the adopted process engineering solution
have been included.

AACE International classifies estimates for process-industry
projects according to the maturity of project definition deliverables.
Class 5 is used at the conceptual stage at a level of project definition
of 0-2 %,; the typical accuracy range is =50 to +100 %. Class 3,
used for budget authorization or control, corresponds to 10-40 %
project definition, with a typical accuracy range of —20 to +30 %.
Class 1is applied at 65-100 % project definition for check estimates
or bid/tender estimates, with a typical range of —10 to +15 % [10].
The level of project definition is an indicator rather than a stand-
alone criterion: assignment to a class depends on the maturity of
specific project definition deliverables, not merely on the percent-
age of design documentation issued.

For process industries, such deliverables include process flow
diagrams, piping and instrumentation diagrams (P&IDs), and single-
line diagrams (SLDs). For example, if only the capacity and type
of a pump unit are defined at an early stage, the cost estimate may
include the equipment and a high-level scope for its connection.
After a specific model has been selected and the relevant drawings
issued, the foundation, piping connections, valves, and cable
routes are refined. At the same time, 1/O lists for instrumentation
and control (I&C) systems and the scope of installation and testing
work are developed in greater detail. Replacing the unit after this
stage therefore requires verification of the entire set of associated
work rather than only its purchase price. The relationship between
these decisions, the cost estimate, and the project schedule is
shown in Fig. 3.

The pump-unit example illustrates this relationship across the en-
tire sequence. The equipment specification defines capacity, weight,
connection dimensions, and power consumption. The design docu-
mentation provides for the foundation, piping connections, valves,
cable route, I/O lists for I&C and process-control systems, and
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Transfer of a process engineering solution across project stages

Design brief

Defines requirements for system functions
and operating modes

Commissioning and startup

Confirms facility readiness and hands over
0&M documentation

Change record

Design

Issues drawings and solutions aligned
with the design brief

Installation

Performs installation and issues as-built
documentation

Cost estimate and project
schedule

Defines quantities, cost, and schedule

Procurement

Fixes the selected model, scope of supply,
and delivery time

New parameter —> Affected documents and work —> Person responsible for review —> Change implementation deadline —> Documentation update

Source: compiled by the author based on [6, 7, 9-13].

Fig. 4. End-to-end verification of a process engineering solution from the design brief to facility commissioning and handover

the required maintenance clearances. The cost estimate and project
schedule should include equipment installation, connection, and
testing, as well as the duration of commissioning. If any item is miss-
ing, the scope of supply should be clarified or the relevant documen-
tation revised.

The completeness of the cost estimate is checked by compar-
ing the design brief, equipment specification, design schedules,
and project schedule. This review identifies the specific work and
resources required to put each item of equipment into operation. If
a particular activity has no specific design basis, it should be justi-
fied by the input data and the scope of supply.

When equipment is substituted, the parameters of the original
and proposed items are compared: capacity, loads, dimensions,
connection points to process and utility systems, utility consump-
tion, control-system requirements, and installation conditions.
The design drawing sheets, estimate line items, schedule mile-
stones, and contractual documents requiring update are then iden-
tified. The supply decision is made on the basis of this review, tak-
ing both equipment cost and manufacturing lead time into account.

Information obtained during procurement should be reflected
promptly in the design documentation and cost estimates. The sup-
plier confirms the actual equipment dimensions and connection
sizes, electrical characteristics, manufacturing lead time, service
and maintenance requirements, and scope of supply. These pa-
rameters may differ from those assumed in the original specifica-
tion. If the changes are not reviewed by the process engineer, de-
sign consultant, cost estimator, and automation engineer, equip-
ment may arrive on site in a configuration that does not comply with
the approved design. The overall end-to-end verification sequence
is shown in Fig. 4.

Specialized installation of process equipment, process piping,
I&C, and control systems requires an assessment of the specialist
contractor. Before appointment, the contractor's experience on
comparable facilities, qualifications of key personnel, proposed con-
struction and installation methods and work organization, availability

of the required tools and equipment, quality-control system, and
scope of as-built documentation should be evaluated. This informa-
tion should be aligned with the equipment delivery schedule, site
readiness, and test program [2, 14].

Readiness of the installed system is confirmed before testing be-
gins. The actual equipment positions and routing, quality of com-
pleted connections, consistency of as-built drawings with the actual
installation, maintenance access, and results of prescribed checks
are verified. Based on these data, a decision is made to proceed to
individual testing and subsequent integrated system testing [15].

Commissioning should be incorporated into the overall project
plan at an early stage and organized by system. A System Work
Package (SWP) links a specific facility system to the documents
and verification results required for release to integrated testing.
The SWP records the system boundaries, startup sequence, existing
constraints, participant roles, and readiness criteria [11]. The SWP is
developed in parallel with design, procurement, and installation,
allowing design, installation, and organizational readiness to be
confirmed before testing begins [5, 11, 15]. The logic of the System
Work Package (SWP) for supply and exhaust ventilation system
SA1/EAT is shown in Fig. 5.

O'Connor and Mock developed three models for organizing in-
dustrial facility commissioning and startup, a map of 124 activities,
and a RACI (Responsible, Accountable, Consulted, and Informed)
matrix covering 60 functions [13]. These results illustrate the scale
of organizational tasks involved in the transition from construction
completion to facility operations. Within a project, each system's
readiness for commissioning is determined by equipment condition,
availability of power and the required process media, readiness of
control loops, completeness of test documentation, and assignment
of responsible participants. The project schedule should include in-
dividual tests, rectification of identified deficiencies, integrated test-
ing, personnel training, and handover of O&M documentation.
An example of responsibility allocation among project participants
is shown in Fig. 6.
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> Example of system boundary and readiness criteria for integrated testing
The System Work Package (SWP) covers interconnected systems SA1 and EA1

System Work Package (SWP) SA1/EA1 Overall function — provide the design airflow in the room

SA1 — Suppl i EA1 — Exhaust
Outdoor pply Occupied space Exhaust
air Filter —> heater —> fan Design airflow Fan —> discharge ar
The SWP is ready for release when three conditions are met
System complete ° Equipment ready %%rgénggn(f)ifnireac}mg Release

SA1 and EA1 ductwork is installed
in accordance with the design
documentation

SA1, EA1, valves, power supply,
and automation have passed
individual checks

SA1 and EA1 airflows are balanced;
automatic interlocks have been
tested

System SA1/EA1 is ready
for integrated testing

I SWP rationale: readiness must be confirmed for the overall SA1/EA1 function, not for individual equipment items

Source: compiled by the author based on [11].
Fig. 5. Logic of the System Work Package (SWP) for supply and exhaust ventilation system SA1/EA1: system boundary, readiness confir-

mation, and release to integrated testing

Activity Owner

contractor

Preparation of the design brief
Design [
Installation

Development of process control algorithms
Commissioning

Handover of as-built and operating documentation

n Performs

n Approves and is accountable

organization

Consulted 1

‘ Installation

Commissioning Operatining
organization organization

1 | c

c o -
o o :

Informed

Role allocation is refined to reflect the contractual structure of the specific project

Source: compiled by the author based on [13].

Fig. 6. lllustrative RACI fragment for commissioning preparation and execution

Role allocation among participants should be complemented
by a defined change communication procedure. If a supplier or
process engineer changes an input parameter, the project team
should record which documents and work packages require addi-
tional review, who is responsible for that review, and the deadline
for completion.

Shokri et al. define systematic interface management as the ma-
nagement of communications, relationships, and deliverables
transferred between project participants. Their study was based on
structured interviews covering 46 projects. Systematic interface
management was more frequently applied on large industrial

projects with many participants; for this group, both the average
cost growth and the variation in cost growth were lower [12]. In
the context of this study, participant interaction when a pump unit is
substituted can be illustrated as follows.

For example, a supplier proposes an alternative to a previously
selected pump unit. The corresponding change-log entry links
the supplier, process engineer, design consultant, cost estimator,
procurement specialist, and contractor. It records the new unit pa-
rameters, design drawing sheets and estimate line items to be re-
viewed, the response deadline, and the final decision. This creates
a change workflow from the supplier's proposal through its
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incorporation into detailed design documents, procurement proce-
dures, and construction and installation.

The change log includes revisions that affect the configuration
of the process engineering solution, cost, schedule, installation
method, control systems, or facility startup conditions. For each en-
try, the team should confirm that the design documentation, cost
estimates, procurement documentation, project schedule, and
the document set required for execution have been updated.
A change record may be closed once it is confirmed that all par-
ticipants have received the current information.

Taken together, the approaches considered provide a frame-
work for managing a process engineering solution from future oper-
ating requirements through the development of input data and
across the entire industrial project life cycle. The manufacturing pro-
cess defines requirements for the design brief and design deci-
sions. PDRI supports assessment of input-data completeness; AWP
and WFP align design, procurement, and installation; and System
Work Packages (SWPs), interface management, and the change log
support facility preparation for commissioning and the communica-
tion of change information between participants. The object of end-
to-end control is the process engineering solution and the consis-
tency of its parameters across all project stages.

CONCLUSIONS

The analysis shows that the management framework for indus-
trial capital construction projects should account for the process-
specific characteristics of the facility's intended production func-
tion. The parameters and process requirements of future operation
should be fully reflected in the input data and design brief and then
controlled consistently during the development and approval of de-
sign documentation and cost estimates, procurement, construction
and installation, process control and automation, and commission-
ing. The applied scientific contribution of the study is the systemati-
zation of this end-to-end verification around a single object of con-
trol — the process engineering solution.

1. The manufacturing process creates interrelated requirements
for building structures, utility systems, equipment, cost estimates,
procurement procedures, construction and installation, and prepa-
ration of the facility for startup. Therefore, equipment substitution or
a change in the process cannot be treated as an isolated revision
to a single design discipline.

2. End-to-end verification should link each key parameter of
the process engineering solution to its source input data, affected
documents, responsible participant, and confirmation deadline.
Comparison of the design brief, design documentation and cost es-
timates, and the project schedule makes it possible to identify miss-
ing work and resources before construction, installation, and com-
missioning begin.

3. PDRI, AWP/WFP, System Work Packages (SWPs), and inter-
face management perform complementary functions: they support
assessment of input-data completeness, control of workface readi-
ness, and transfer of changes among project participants.
The change log records these operations for a specific process
engineering solution.

4. Design documentation and cost estimates, on the one hand,
and commissioning readiness, on the other, form two control points
in the end-to-end verification process. The first confirms that the se-
lected configuration of the process engineering solution is sup-
ported by the required budget and reflected in the project sched-
ule; the second confirms that equipment, process media, control

systems, documentation, and responsible participants are ready for
testing and facility startup.

The proposed systematization is analytical and applied in na-
ture. Further validation requires anonymized project case studies
to determine which control questions most effectively identify incon-
sistencies in a process engineering solution before construction
and installation or commissioning begins.
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Oco6eHHOCTU ynpaBneHus
TEXHOJIOrM4YECKUMUN peLLIEeHUAMN
B MHBECTULIMOHHbIX NPOEKTax
NPOMbILLUIEHHOrO CTPOUTENbCTBA

VIHBECTMLIMOHHBI MPOEKT NPOMbILLINIEHHOro cTpouTenbeTaa (UMMC)
Hanpas/fieH Ha co3faHne NPou3BOACTBEHHON CUCTEMbI, B KOTO-
poW CTpouTESIbHbIE OOBEKTbI, MHXEHEPHbIE CETU, TEXHOMOrMYe-
CKoe 060pyfoBaHune, aBToMaTn3aums 1 nepcoHan obecrneymsa-
10T BbIMYCK MPOMBbILLMIEHHOW NPOAYKLMN B 3aJaHHOM pEeXUME.
B cTatbe paccMoOTpeHO, kak MexaHU3Mbl BbiI6opa TEXHOOrNYe-
CKUX peLUeHnin BVAIOT Ha NPOEKTHbIE peLLeHnsi, CTOMMOCTHbIe
napameTpsbl, MpoLieAypbl 3aKynokK, MPoLecchl cneumanMavpoBaH-
Horo MoHTaxa, ACY Tl 1 nyckoHanagoyHble padoThbl.

MpoaHanuanpoBaHbl ynpasneH4yeckme oco6eHHocTn UMMC un
NOpsAOK CKBO3HOW MPOBEPKU TEXHOMOMMYECKUX PELUEHNA OT
TEXHNYECKOro 3aaHnsA Ha MPOEKTMPOBaHWe [0 3anycKa 3KCrnny-
artauumm NpoMbILLSIEHHOrO 06bekTa. ViccnepoBaHne oCHOBaHO
Ha aHannM3e HOPMaTUBHbLIX [OKYMEHTOB, OTPACNeBbIX CTaHAap-
TOB M Hay4HbIX Ny6AMKauuin No paHHen npopaboTke NPOeKTOoB,
opraHusauunmn paboT, OLEeHKe CTOMMOCTH, YrpaBieHno Cornaco-
BaHUAMMW U MYCKY NPOMBbILLSIEHHbIX 06 HLEKTOB.

B kavecTtBe kpuTepus gocTtmxeHus peadynstata UMMC npuHa-
Ta CNOCOBHOCTb 06BbEKTa BbIMOMHATL NPEAYCMOTPEHHYO MPo-
VN3BOACTBEHHYIO (DYHKLMIO. TEXHONOrMYecKoe peLleHne npeasio-
XKEHO paccMaTpvBaTth Kak eAuHbIN MPeaMeT KOHTPONS B pamkax
T3, NCA, 3akynok, CMP, nokymeHTaumm ACY TI1 n npu Bbinos-
HeHuu MHP. Pe3ynbratbl MOryT UCMOMb30BATHCS 3aKa34NKOM,
TEXHUYECKUM 3aKa34MKOM, NMPOEKTUPOBLLMKOM U MOAPALAYUKOM
npu hopMMpPOBaHUM UCXOLHbIX AaHHbIX, COrMacoBaHUM aHaso-
roB 060pyaoBaHusi, NOAroToBKe GlofXKeTa 1 opraHMsauum 3any-
cka obbekTa.

KnroyeBble crnoBa: MHBECTULMOHHbIV MPOEKT MPOMbILLIEHHOIO
CTPOUTESIbCTBA, TEXHOJIOrNYECKNE PeLLEeHWS, TEXHUHeckoe 3asa-
HUe, NpoekTHas n cmeTHas gokymeHtaywvs (MNCH), ynpasBneHne
CTOMMOCTbIO, TEXHOJIOrNYecKoe 060pyaoBaHNe, CTPOUTESIbHO-
MOHTaxHble pabotbl (CMP), 3akynku, ACY TI1, nyckoHanago4-
Hble paboTbl, yrpaBieHNe N3MEHEHUAMMU
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Forecasting and Optimization of Technological
Process Parameters for the Construction

of Monolithic Residential Buildings Considering
Organizational and Technological Reliability
Requirements

This paper examines forecasting and optimization of technological-process parameters in the construction
of monolithic residential buildings, considering the requirements of organizational and technological reliability.
The relevance of the study is determined by the significant dependence of construction duration and production
stability on the alignment of scheduling, technological, and resource-related decisions.

Achieving the required outcomes in monolithic residential construction directly depends on the quality of work or-
ganization. Effective work organization depends on workflow continuity, the availability and timely delivery of ma-
terials, the appropriate allocation of work crews, and the consistent performance of operations in designated work
areas. The purpose of this study is to identify the factors that have the greatest impact on organizational and tech-
nological reliability and to forecast and optimize the parameters of technological processes.

The paper presents the results of an expert assessment involving the ranking of technological, organizational,
resource-related, personnel, and external factors. The assessment was conducted among seven construction
industry specialists, followed by the calculation of mean rank values and Kendall’s coefficient of concordance,
which indicates the degree of agreement among expert opinions.

The findings showed that the alignment of the construction schedule with resource provision, consistency
of the technological sequence, workers’ qualifications, resource availability, and their timely delivery to the con-
struction site are key factors in ensuring organizational and technological reliability. The combined weight of
these factors was 64.09 %, while Kendall’s coefficient of concordance was W = 0.87, confirming a high level
of agreement among the experts. The analysis of the expert assessment results confirms that organizational and
technological parameters should be forecast with due regard for the specific conditions of the construction site.
The practical significance of the proposed approach lies in its applicability to the development of construction
schedules and construction work execution plans.

Keywords: monolithic residential construction, organizational and technological reliability, construction sched-
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onolithic (cast-in-situ) housing construction
M occupies a stable position in the structure of

modern residential development, since it
combines structural versatility, wide architectural and
space-planning possibilities, and technological
adaptability to urban development conditions [1].
At the same time, the processes involved in erecting
monolithic residential buildings are among the most
complex from the standpoint of production organiza-
tion, as they include repeatedly recurring cycles that
are rigidly linked in terms of time, work fronts, compo-
sition of performers, and provision of material and
technical resources [2]. Under these conditions,
the quality of technological process design directly
affects not only the construction duration, but also
the feasibility of implementing the adopted decisions
in a real production environment [3].

Construction practice shows that schedule de-
viations in the erection of monolithic facilities are
in many cases caused not only by external influenc-
es, but also by insufficient accuracy in determining
the parameters of organizational and technological
solutions at the construction preparation stage [4].
Overestimated work intensity, inconsistency of cy-
cles, irrational division of the facility into work zones,
a shortage of formwork sets, disruptions in material
delivery schedules, and inadequate coordination of
labour resources with the construction schedule lead

to idle time, shifts in the sequence of operations, and
the accumulation of delays across floors and sec-
tions. Consequently, meeting the required construc-
tion deadlines is impossible without preliminary fore-
casting of the key parameters of the technological
process and their subsequent selection based on
criteria of organizational and technological reliabil-
ity [5].

In contemporary sources, organizational and
technological reliability is regarded as a characteris-
tic of construction production that reflects the ability
of the adopted system of work organization and
technology to ensure the achievement of the planned
result within given time, resource, and production
constraints [6].

This approach is fundamental in monolithic
housing construction, since the efficiency of work
execution here depends not only on individual op-
erations, but also on the quality of their coordination
within the overall workflow.

Organizational and technological reliability im-
plies not only compliance with regulatory require-
ments, but also verification of the feasibility of the se-
lected scheme in practice with reference to the spe-
cific conditions of the construction site.

Organizational and technological reliability is en-
sured by a combination of factors, the key ones being
those related to resource provision, the organization
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Factors affecting the organizational and technological
reliability of monolithic construction

Personnel Resource Technological Organizational Logistics External
factors factors factors factors factors factors
, Technological Construction schedule On-site Site
Size of work crews Formwork sets sequence and resources logistics congestion
Workers’ Concrete mix Division into Work shift Material Weather
qualifications delivery work zones arrangement storage conditions
Reinforcement Concrete pump Availability Financing and Quality control
delivery capacity of the work front payments of works
Mechanization Technological Coorfination
equipment breaks of subcontractors

Meeting deadlines, reducing idle time,
fulfilment of the construction schedule

Fig. 1. Factors affecting organizational and technological reliability in the construction of monolithic residential buildings

of the construction flow, and the soundness of construction schedul-
ing [7]. A distinctive feature of monolithic works is the dependence
of each subsequent work cycle on the completion of the preceding
one. For this reason, any deviation in the duration of individual opera-
tions may cause a shift in the entire work execution schedule [8].
Consequently, organizational and technological reliability must be
considered as a basic criterion for substantiating the parameters of
work organization [9].

Table 1. Results of the expert ranking

The set of principal groups of factors that determine the organi-
zational and technological reliability of monolithic construction and
affect the fulfilment of the construction schedule is presented in
Fig. 1.

In order to identify the factors exerting the most significant influ-
ence on the organizational and technological reliability of erecting
monolithic residential buildings, an expert ranking of twenty organi-
zational, technological, resource-related, personnel, and external

Number | Factor E, E, E, E, Es Eg E; R; | Mean rank | Rank | w, %
1 Availability of formwork sets 4 1 6 2 4 7 2 26 3N 4 9.60
2 Alignment of the construction schedule with resource provision 1 3 4 1 2 3 6 20 2.86 1 12.48
3 Consistency of the technological sequence 3 2 3 7 1 2 4 22 3.14 2 | 11.35
4 Timely delivery of the concrete mix 2 5 1 3 9 1 1 22 3.14 3 |11.35
5 Timely delivery of reinforcement 7 4 8 4 3 4 3 33 4.71 5 7.57
6 Size of work crews 5 7 2 5 5 6 7 37 5.29 6 6.75
7 Workers’ qualifications 9 9 5 6 11 5 5 50 7.14 7 4.99
8 Rational division of the facility into work zones 6 10 9 8 8 1 9 61 8.71 9 4.09
9 Concrete pump capacity 11 6 7 9 6 8 12 59 8.43 8 4.23
10 Serviceability of mechanization equipment 8 8 13 10 10 10 8 67 9.57 10 | 3.73
1 Work shift arrangement 12 11 15 12 7 9 11 77 11.00 11 3.24
12 Duration of technological breaks 14 15 17 16 13 15 10 | 100 14.29 14 | 2.50
13 On-site logistics 13 12 10 11 14 14 13 87 12.43 12 | 2.87
14 Material storage conditions 10 14 19 13 12 13 14 95 13.57 13 | 2.63
15 Construction site congestion 15 17 14 17 19 12 15 | 109 15.57 15 | 2.29
16 Weather conditions 19 18 12 18 15 18 17 | 117 16.71 17 | 213
17 Availability of the work front 17 16 18 15 18 16 16 | 116 16.57 16 | 2.15
18 Coordination of subcontractors 16 20 11 19 17 20 18 | 121 17.29 18 | 2.06
19 Quality control of works 20 19 20 14 16 17 20 | 126 18.00 20 | 1.98
20 Financing and payment discipline 18 13 16 20 20 19 19 | 125 17.86 19 | 2.00
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factors was carried out. The assessment was performed on a rank
scale from 1 to 20, where a lower rank corresponds to a greater
degree of influence of the factor on the completion of monolithic
works within the planned time (Table 1).

Based on the processing of the expert estimates, the seven most
significant factors were found to be: the soundness of construction
scheduling, consistency of the technological sequence, timely deliv-
ery of the concrete mix, availability of formwork sets, timely delivery
of reinforcement, and the size and qualifications of work crews.
The combined weight of these factors amounted to 64.09 %, which
allows them to be treated as priorities in the development and adjust-
ment of organizational and technological solutions.

Consistency of the expert estimates was verified using Kend-
all's coefficient of concordance. The value W=0.870 indicates
a high degree of agreement among the expert opinions. The result
obtained confirms the appropriateness of using the identified fac-
tors as a basis for forecasting and optimizing the parameters of
technological processes for erecting monolithic residential build-
ings.

The assessment covers 20 factors affecting the organizational
and technological reliability of monolithic construction. The expert
group nominally consists of 7 specialists: work superintendents,
construction site managers, engineers of the production and tech-
nical department, and construction scheduling specialists.

Each expert assigns ranks from 1 to 20:

1 — the factor with the greatest influence;

20 — the factor with the least influence.

Overall significance is determined by the sum of ranks R
the smaller it is, the higher the priority of the factor.

The reciprocal of the mean rank was used to calculate the rela-
tive weight:

qI:

||~

where g; is the calculated significance of the i-th factor;
r;is the mean rank of the factor.
The relative weight was determined by the formula:

W= —d

| = —2—+100 %.

i1

The calculations identified the 7 most significant factors (Table 2).

Table 2. Most significant factors

Rank Priority factor w, %
1 | Alignment of the construction schedule with resource provision | 12.48
2 | Consistency of the technological sequence 11.35
2 | Timely delivery of the concrete mix 11.35
4 | Availability of formwork sets 9.60
5 | Timely delivery of reinforcement 7.57
6 | Size of work crews 6.75
7 | Workers’ qualifications 4.99

Combined weight of the seven factors:

Yw;=12.48 + 11.35 + 11.35 + 9.60 +
+7.57 +6.75 + 4.99 = 64.09 %.

Thus, the seven priority factors account for 64.09 % of the cal-
culated aggregate significance of the conditions under considera-
tion.

The mean sum of ranks is determined by the expression:
7 m(n+1),
2

where m = 7 is the number of experts;
n = 20 is the number of factors.

ﬁzmzn,s.

Sum of squared deviations of the rank sums:
n
S= Z(R, —R)* =28,339.

i=1
Kendall's coefficient of concordance:

o125

mz(n3—n)’
12-28,339
=== g 870,
72(20° - 20)

The value obtained, W = 0.870, indicates a high consistency of
the ranking: the opinions of the expert group largely coincide.

In addition, the criterion of statistical significance is calculated
by the expression:

x2=m(n-1W,;

x?=7-19-0.870 = 115.67.

With the number of degrees of freedom f = n -1 = 19, the cal-
culated value considerably exceeds the critical values for common
significance levels. Therefore, the hypothesis that the coincidence
of ranks is random is rejected; the consistency of the estimates can
be recognized as statistically significant.

To present the results of the expert ranking in a visual form,
a graphical distribution of the factors according to their normalized
relative significance was produced. The diagram makes it possible
to compare the contribution of each of the twenty factors considered
to ensuring the organizational and technological reliability of erect-
ing monolithic residential buildings, and to distinguish the group of
priority factors that require primary consideration when developing
scheduling and resource-related solutions.

The results of ranking the factors by the value of their normal-
ized relative significance are presented in Fig. 2. The darker colour
highlights the seven factors whose combined significance amounts
to 64.09 % and which are recommended for consideration as the main
parameters in forecasting and optimizing the technological proces-
ses of monolithic construction.

When developing organizational and technological solutions for
a residential building, the forecasting of technological process pa-
rameters is of primary importance; its main task is to determine
such values of duration, intensity, and resource provision as most
closely reflect the actual situation of work execution on the con-
struction site [10].

The forecast parameters should include those of cyclicity, re-
source provision, and mechanization of works, since these param-
eters are fundamental in forming the construction schedule and
create the conditions for preventing deviations in work completion
dates. The scheme for forming and optimizing technological pro-
cesses on the construction site is presented in Fig. 3.

The forecasting of parameters should not be based solely
on the data of regulatory documents; the experience of already
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Fig. 2. Ranking of the factors affecting the organizational and technological reliability of erecting monolithic residential buildings
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Fig. 3. Scheme for forming and optimizing technological processes on the construction site
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completed analogous facilities and the specific features of organi-
zational and production conditions should also be taken into ac-
count. Such an approach makes it possible to avoid the direct
transfer of regulatory values to a particular facility and strengthens
the evidence base of the decisions taken. This approach is espe-
cially relevant for monolithic construction, since the actual duration
of processes depends on the volumetric and space-planning solu-
tion of the facility, the degree of site congestion, the rationality of
the material and technical supply scheme, the contractor's work
regime, and the adopted scheme of interaction between individual
construction flows. It follows that the effectiveness of forecasting is
based not only on the completeness of the initial data, but also on
the rational coordination of technological parameters with the or-
ganizational conditions under which the project is implemented [11].

The further elaboration of organizational and technological solu-
tions is directly linked to the optimization of technological process
parameters. In practice, optimization should be regarded as the se-
lection of a scheme for performing monolithic works that achieves
the most rational balance between the duration of work execution
and the use of resources, while complying with the requirements of
organizational and technological reliability. This implies that reduc-
ing the construction duration should not become the ultimate goal of
achieving it requires excessive compression of the schedule, which
would lead to the overloading of work crews and to other conse-
quences that reduce the feasibility and efficiency of the adopted
organizational solution [12]. On the contrary, preference should
be given to organizational and technological schemes in which
the works are performed within the established time limits, at a coor-
dinated production rate and with rational use of resources [13].

The parameters and number of work zones, the sequence of
works by sections and floors, the number of formwork system sets,
the labour organization regime, the composition of work crews, and
the distribution of duration among the key production cycles are
the most significant parameters subject to optimization. Changes in
these parameters determine the rhythm of the construction pro-
cess, the rational use of labour and technical resources, the dura-
tion of critical works, and the continuity of subsequent opera-
tions [14]. It follows from the above that the choice of a work
organization scheme should be based on a comparative analysis of
schemes differing in the structure of the construction flow and in re-
source provision. The most appropriate option is one in which
the established scope of work is completed on time, without dis-
rupting the sequence of technological processes [15, 16].

At the stage of organizational and technological planning, it is
necessary to formulate a baseline work organization option that re-
flects the structure of the construction flows and specifies the work
zones, the sequence of works, the composition of work crews, and
the structure of provision with material and technical resources.
At subsequent stages, the calculated parameters are determined
and then adjusted in accordance with the conditions of the particu-
lar site, the level of resource provision, and the established con-
struction duration. A comparative analysis of work organization op-
tions makes it possible to substantiate the choice of the optimal
solution that most fully meets the requirements of organizational
and technological reliability and the actual conditions of work exe-
cution.

This approach is particularly relevant in the erection of mono-
lithic residential buildings, since they are characterized by the re-
peatability of work cycles, and therefore any organizational error
may affect the duration of work execution. An example is the incor-
rect determination of the throughput capacity of individual flows.

The deviations that occur may be reproduced on subsequent floors
and accumulate towards completion. It follows that, in practice,
the forecasting and optimization of technological process parame-
ters make it possible to reduce the likelihood of such deviations and
to increase the effectiveness of the use of the contractor's produc-
tion resources.

On the basis of the above, the forecasting and optimization of
technological process parameters in construction act as interrelat-
ed elements of the system of organizational and technological de-
sign.

Their combined application makes it possible to move from
the formal assignment of regulatory parameters to a more substanti-
ated choice of production solutions that takes into account the spe-
cific features of the facility, the structure of the construction flow,
and the actual conditions of the construction site. In this context,
organizational and technological reliability serves as the key crite-
rion for assessing the quality of such solutions, since it reflects
the possibility of their practical implementation within the given time
limits and resources. Taking this requirement into account when
developing organizational and technological documentation con-
tributes to increasing the reliability of schedule calculations, reduc-
ing organizational losses, and improving the practice of erecting
monolithic residential buildings.
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MporHo3upoBaHue u onTMMmU3auus
napamMmeTpoB TEXHOJNIOrM4YEeCKUX NpoLeccos
BO3BeAEeHUS MOHOJIUTHBIX XXWUJIbIX 34aHUN
C y4yeTom TpeboBaHUN
OpraHM3aLMOHHO-TEXHOJIOrNYeCKOU
HapeXHoCcTn

B ctatbe paccmaTtpuBaeTcs 3agada nporHo3MpoBaHUs U ONTU-
MU3aLumM napaMmeTpoB TEXHOMOMMYECKMX NPOLECCOB NPy BO3BE-
OEHUN MOHOMUTHbBIX XWUNbIX 30aHUIN C y4eTOM TpeboBaHui op-
raHM3aLUMOHHO-TEXHONIOFMYECKOW HaAeXHOCTU. AKTyanbHOCTb
ncenenoBaHns o6ycnoBfieHa BbICOKOW 3aBMCUMOCTBIO CPOKOB
1 YCTONYMBOCTWN CTPOUTENBLHOIO NPOM3BOACTBA OT COrflacoBaH-
HOCTW KaneHgapHbIX, TEXHONOMMYECKUX U PECYPCHbIX PELLEHWIA.

[ocTuxeHne Tpebyemoro pesynbrata B npouecce BbINosHe-
HUSi pa6OT B MOHOJSIUTHOM XXWUJIULLHOM CTPOUTENbCTBE Hamnpsi-
MYIO0 3aBMCUT OT Ka4eCTBEHHOW OpraHusauum paboT, koTopas
XapakTepuayeTcs TakuMu hakTopamu, Kak pUTMUYHOCTb NOTO-
Ka, 06ecne4eHHOCTb MaTepuanamm 1 Nx CBOEBpPEMEHHOE Mpeao-
cTaBfieHve, paunoHanbHoe pacnpenesieHne paboynx 3BeHbEB,
a TakXxe nocnegoBaTesibHOe BbIMNOSIHEHNE OMnepaumii Ha 3axBarT-
Kax. BbisBneHne akTopoB, okasbiBaLUX HaubosbLLEE BN-
AHVE Ha opraHn3aLMOHHO-TEXHOJIONMYEeCKY HaaeXHOCTb, Mpo-
rHO3MpOBaHVE 1 ONTUMMU3ALNA NapamMeTpPOB TEXHOMOMMYECKMX
NPOLIECCOB SBNATCS LieSblo AaHHOI0 UCCNefoBaHUS.

B ctaTbe npefcTasneHbl pesynbrarbl 3KCNEePTHON OLEHKM, KOTO-
pas npeAcTaBnseT cobov paHXMPOBaHWNE TEXHOOMMYECKUX, Op-
raHN3auUMOHHbIX, PECYPCHbIX, KAAPOBbIX N BHELLUHUX (DaKTOPOB.
OKcnepTHas oueHka 6bina NpoBefeHa cpean cemu cneymanu-
CTOB CTPOUTESIbHOW OTPacnu C NocneayoLmmM pac4eTom cpeg-
HEero 3Ha4YeHusi paHros 1 KoahduumeHTa KoHkopaaumm Kengan-
na, 03Ha4YarLLMM COrfacoBaHHOCTb MHEHUI 3KCNEPTOB.

NT1orun nccnenoBaHUA BbIABUIIU, YTO COrMacoBaHHOCTb KaslieH-
[JapHOro nfaHa ¢ pecypcHbiM o6ecrnevyeHnemM, cornacoBaHHOCTb
TEXHONOrMYECKOW MOCNefoBaTeNnbHOCTN, KBanudmkauusa pa-
604Mx, 06eCcne4YeHHOCTb pecypcaMmm n Ux CBOEBPEMEHHAs Mo-
CTaBKa Ha MoLlafKy SBASITCS KIYEBbIMU (hakTopammu obec-
NeYyeHUs OpraHn3aLMOHHO-TEXHOMOrMYECKOW HafEeXHOCTH.
CoBOKYMHbIV Bec (hakTopoB cocTaBui 64,09 %, koadhduumeHT
KOoHKoppauun W = 0,87, 4To NOATBEP>XAAEeT BbICOKYH COrnaco-
BaHHOCTb 3KCMNEePTHbIX OLIEHOK. AHanus pe3ynbTaToB 3KCI'IepTHOI7I
OLEHKMN NOATBEPXAAET, YTO NPOrHO3MPOBaHWE OpPraHN3aLMoH-
HO-TEXHONIOFMYECKNX NMapameTpoB AOSHKHO OCYLLEeCTBNAATLCA
C Y4ETOM KOHKPETHbIX YCIIOBUI CTPOUTESIbHOM noLlanku. Bos-
MOXHOCTb NMPUMEHEHNSA AaHHOro nogxofa npefactaBnseT cobomn
NPaKTUYECKYI0 3HAYMMOCTb MpU pa3paboTKe KaneHaapHbIx nna-
HOB, NMPOEKTOB NMPON3BOACTBA PabOT.
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The national project “Infrastructure for Life” sets a target investment-construction cycle duration for multi-apart-
ment residential buildings (MRB) at no more than 1,000 days by 2030; the actual figure fell from 2,181 days
in 2021 to 1,253 days in 2025. The heterogeneity of delivery — from zero delay to one-third overrun — reveals
a methodological gap: no unified calculation tool links the compression of life cycle stages with the integral eco-
nomic effect and with the quality of handover of the information model to operation. The paper develops such
a methodology for industrial MRB. The apparatus combines a seven-stage decomposition of the investment-con-
struction phase; an additive-multiplicative convolution of three tool groups (BIM, Lean Construction, organization-
al-technological modelling) through coupling coefficients; and a penalty function for as-built degradation capital-
ized over a 50-year operational horizon. Trial calculation for a 17-storey, 18,000 m? MRB yields a 22-28 % ICC
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twin maturity at no lower than L2 by Deng — Menassa — Kamat. The novelty is a two-contour control of “T + NPV”
through coupling coefficients and a critical threshold that compensates OPEX loss by construction-phase time
gains. The methodology is applicable to developers operating under Federal Law 214-FZ and in integrated terri-
torial development projects.

Keywords: building life cycle, multi-apartment residential building, investment-construction cycle, life cycle cost,
building information modelling, digital twin, net present value, lean construction, organizational-technological

modelling, integrated territorial development

Prykina

Larisa Viktorovna,

Doctor of Economics, Professor

of the Department of Construc-
tion Organization and Real Estate
Management; Moscow State Univer-
sity of Civil Engineering (National
Research University) (MGSU);

26 Yaroslavskoe shosse, Moscow,
129337, Russian Federation;

ID RSCI: 416224,

Scopus AuthorID: 6505996610,
ORCID: 0000-0003-3666-3140;
daken29.12.98@gmail.com

INTRODUCTION

he target duration of the investment and con-
I struction cycle for an apartment building (AB),
as established by the national project “Infra-
structure for Life” with a start date of January 1, 2025,
is 1,000 days. For comparison: in 2021, the average
duration was 2,181 days; in 2024, it was about 1,500
days; and in 2025, it dropped to 1,253 days. The dy-
namics are noticeable. However, behind the aggre-
gated figures, there is a significant variation between
developers and property types.

According to the ERZ.RF', in 2025, 724 out of
1,430 developers handed over new buildings with
a delay. The weighted average construction period
for one house is 827 days (~27.2 months), and from
the date of the construction permit to commissioning
is 43 months and 15 days. This indicator is signifi-
cantly lower for the leaders of the rating: 621 days
for “Unistroy”, 682 for FGC, 789 for PIK. The gap
between the industry benchmark and typical prac-
tice reaches 30-40 %, and this gap is manageable.

At the same time, the scientific literature sum-
marizing the effects of three groups of tools — TIM,
Lean Construction and organizational and techno-
logical modelling (OTM) — is developing separately.
The MGSU school leads the line of an organizational
and technological platform and a deterministic mo-
del of construction production [1, 2]. St. Petersburg
authors formalize calendar and network planning on
4D models [3]. Foreign studies outline the boundaries
of fast-tracking and nonlinear trade-off time-cost [4].

' ERZ.RF. URL: https://erzrf.ru/top-zastroyshchikov/rf?topType=
1&date=2025&regionKey=0

To date, no single calculation model has been pro-
posed that links the reduction in the duration of
the MRB life cycle to the contribution of each tool
and, more importantly, to the quality of transferring
the as-built model into operation.

In our view, it is precisely this latter circum-
stance that makes the task non-trivial. Accelerating
the investment and construction phase without con-
current management of the operational stage turns
time savings into hidden operational losses: over
a 50-year horizon, CAPEX covers only 15-25 % of
the total cost of owning an apartment building, while
operations account for 70-80 % [5]. Shortening
the schedule in a way that creates “gaps” in the in-
formation model or engineering solutions ultimately
results in OPEX that is several times higher, thereby
negating the benefits achieved.

The goal of the work is to develop a methodol-
ogy that links the duration of the stages of the life
cycle of an apartment building not only to the inte-
gral reduction indicator but also to the net present
value (NPV) of the total cost of ownership over
a 50-year horizon. Objectives: to carry out a de-
composition of the investment and construction
phase of the MRB life cycle; to systematize empiri-
cal estimates of reduction for each tool; to build
a “stage x tool” applicability matrix with coupling
coefficients; to formulate a calculation model for in-
tegral reduction; to link it to a penalty function re-
flecting the degradation of the quality of transferring
the as-built project into operation; to conduct testing
on a hypothetical project.

The scientific novelty of this study lies in
the two-loop description of management: the first
loop (AT) expresses the reduction of duration
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through an additive-multiplicative convolution of tools; the second
(ANPV) imposes a quality constraint that does not allow accelera-
tion at the cost of capitalized operating losses. Both loops are
closed via the level of maturity of the digital twin, which is inter-
preted as a technical parameter of the methodology.

LITERATURE REVIEW

Relevant works are divided into four blocks: digital modelling
and BIM; lean construction; organizational and technological mod-
elling; life cycle economics and digital twins of the operational
phase.

BIM and digital modelling. E.A. Gusakova formulated the con-
cept of modelling the life cycle using information flows, within
the framework of which reducing data losses between stages di-
rectly accelerates the transfer of work [6]. A.R. Kulakov and
V.A. Akristiniy described the mechanisms for applying BIM at cer-
tain stages of the life cycle of a development project in the Vestnik
“Real Estate: Economics, Management” [7]. V.V. Galishnikova and
M.E. Bocharov traced the evolution of information models and sub-
stantiated the requirement for their continuity throughout the entire
life cycle [8]. Empirical assessments — a 25-50 % reduction
in the number of requests for information (RFI), a 60 % reduction in
the number of design changes, a 30—-80 % reduction in design er-
rors, a 20 % reduction in schedule duration, and a 15 % reduction in
estimated costs — are compiled in a summary study in Discover
Materials [9]; N. Moazzen, T. Ashrafian and M.E. Karagler achieved
a 55 % reduction in primary energy and a 45 % reduction in LC CO,
for a five-story residential building in Turkey using the nZEB pack-
age [10].

Lean construction. The Last Planner System (LPS), developed by
G. Bollard, increases the percentage of PPC (percentage plan com-
plete) from the typical 50 % to 70-85 % and the associated perfor-
mance by 15-25 %. For the housing segment, the key reference
point is the work of Yu. Lehtovaary and O. Seppyanena: the introduc-
tion of tact planning in multi-apartment construction reduces the fin-
ishing phase already on the first project [11]. The Russian adaptation
of Lean is reflected in the works of T.S. Meshcheryakova and V.V. Ku-
tuzov [12], K.Yu. Kulakov, A.K. Orlov and V.S. Kankhva [13].

OTM. The school of A.A. Lapidus develops the concept of an or-
ganizational and technological platform for construction, which inte-
grates a deterministic organizational model with digital resources [1].
M.V. Zhdanova and A.A. Lapidus presented a three-stage life cycle
model with three types of relationships — sequential, overlapping,
and iterative — and identified “reduction points” [2]. S.V. Bovteev
and co-authors formalized calendar-network planning using 4D
models, in which control of spatio-temporal conflicts increases orga-
nizational and technological reliability [3]. The key foreign limitation
was set by P. Ballesteros-Piirez: the realistic limit for schedule reduc-
tion due to fast-tracking is ~ 25 % of the original duration, and con-
current design without adequate information support increases
the probability of project failure by four times [4].

Life cycle economics and digital twins. E.P. Gorbaneva, |.A. Ko-
sovtseva, T.V. Kstenin substantiated the NPV criterion when select-
ing energy-saving measures in the full life cycle of a facility [14].
|.V. Kushchenko and E.A. Bocharova developed an LCC modelling
algorithm taking into account the risks of technical and economic
security [15]. R.V. Volkov applied the Verhulst model to manage
the life cycle of real estate [16]. L.A. Adamcevich demonstrated
the necessity of continuity in the “design — construction — operation”
stages in RCD projects [17]. The work by P. Yimén, J. Berlin,
K. Mjornell, J. Arfvidsson (Buildings, MDPI) provides quantitative

sensitivity of LCC to the discount rate: a reduction in r from 7 to 3 %
increases LCC by 18 % over a 50-year horizon [5]. M. Deng,
C.C. Menassa, V.R. Kamat proposed a five-level maturity ladder
L1-L5 for applying BIM/DT in the design—operation cycle; most of
the claimed “doubles” in the AEC sector correspond to L2-L3 [18].
H.H. Hosamo and co-authors achieved predictive diagnostic ac-
curacy of ~95 % and a 20 % extension of component service life
in two AHU systems in Norwegian public buildings [19].

The review reveals a persistent gap. The quantitative effects for
each instrument have been verified, but an integral calculation
framework linking them to the stages of the life cycle of a specific
type of building — namely, MRB — and to the quality of handing
over the as-built project into operation is not available in the open
literature. This gap is what we are trying to close.

MATERIALS AND METHODS

The methodology consists of three blocks, connected para-
metrically.

LIFE CYCLE DECOMPOSITION

The investment and construction phase of the life cycle of
an apartment building is divided into seven stages:

e pre-project preparation and urban planning approvals;

® engineering surveys;

e design;

e examination of project documentation;

e preparatory period and mobilization;

e construction and installation works;

e commissioning and putting into operation (7).

The operational phase is accounted for separately — through
a quality penalty function, rather than as a stage with an internal
duration; the basis is SP 333.1325800.20202, which treats operation
as a continuous information process.

For each stage, the standard duration T/ is determined (ac-
cording to SNIP 1.04.03-85*° with extension factors and SP
48.13330.2019* as amended in 2025) and the empirical duration
Teme (based on data from EPZ.RF', Main State Expertise, and ana-
lytics from DOM.RF®). The difference forms the absolute reserve for
the stage.

APPLICABILITY MATRIX AND CALCULATION MODEL
FOR REDUCTION (BLOCK A)

A matrix k; has been constructed, where / € {TIM, Lean, OTM}
is a tool, and j € {1...7} is a stage of the life cycle. The coefficient
k; € [0; 1] reflects the proportion of the stage duration to which
the tool’s effect applies.

The integral reduction in the duration of the ISC is expressed by
an additive-multiplicative convolution:

ATyl = Zfw; - Trem - (1 =TI(1 = k- & ¢))], (1)

where w; is the weight of the stage in the total duration (Xw; = 1);
Trom is the standard duration of the j-th stage; ¢ is the verified

2 SP 333.1325800.2020. URL: https://expert.tmbreg.ru/files/Gosudarstvenn/sp_333.
pdf

3 SNIP 1.04.03-85*. URL: https://kmdrus.ru/uploads/snip/5.CHuIM_1.04.03-85.pdf

4 SP 48.13330.2019. URL: https://www.all-sro.ru/Resources/Files/ClM%2048.13330.
2019.%20CB0a%20npaswun.%200praHn3auuns%20cTpoutenscrea..pdf

5 DOM.RF. URL: https://domrfbank.ru/for-developers/project-finance/
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empirical reduction coefficient for the /i-th tool; ¢; is the coupling
coefficient, reflecting the mutual reinforcement or conflicting over-
lap of tools at the stage. The multiplicative form (1 - T1(1 - ...)) elim-
inates the arithmetic addition of effects, which leads to overesti-
mated values, and treats the simultaneous use of several tools as
the probability of processing the duration by at least one of them.
The arithmetic sum is methodologically incorrect here: if two tools
each yield 20 %, their “sum” of 40 % assumes that they indepen-
dently cut the same duration twice, whereas in reality they compete
for the same resource.

The initial values are taken from the lower bounds of the em-
pirical intervals to avoid overestimation: &, = 0.20 [9, 10];
€ ean = 0.20 [11]; eqry = 0.15 [4] — adjusted for the limitation of fast-
tracking. Conservatism is a fundamental choice: the upper bounds
of the empirical intervals refer to foreign cases and are not directly
transferred to the Russian institutional environment.

PENALTY FUNCTION OF QUALITY AND
THE RELATIONSHIP AT <+ ANPV (BLOCK B)

The reduction in the investment and construction phase is as-
sessed not only in terms of time but also in monetary terms. The in-
crease in NPV resulting from the reduction in AT consists of three
components:

ANPV = ACFescrow + Acﬁn + Acoverhead - AOPEvav (2)

where ACF ., is the effect of accelerating the disclosure of es-

crow accounts under 214-FZ, discounted at the project fi-

nancing rate;

ACy, is the saving of interest costs on the project loan

(the rate decreases as the escrow is filled to a minimum

level with full coverage according to the tariffs of DOM Bank.

RF®);

AC, emead — the release of semi-fixed overhead costs

(the benchmark is 15 % of the project cost x AT/T,,, based

on industry practice);

AOPEX,,, — a penalty for the degradation of as-built quality,

capitalized over a 50-year horizon.

The penalty is set based on the digital twin maturity level ac-
cording to Deng et al. [18]. L1 (static as-built IFC in the CDE of
the customer-operator according to SP 333.1325800.2020?) is ac-
cepted as basic; L2 (connection of BMS/IoT circuits, one-way te-
lemetry flow) is accepted as a threshold value at which the penalty
AOPEX,, is zero; L3 (predictive maintenance analytical layer) gives

a premium of » 10 % OPEX; L4 (two-way control loop) — up to
20-25 % [18, 19]. Below L2, a positive penalty arises: an incom-
plete or contradictory as-built model increases operating costs, and
even a 6-month gain during the construction phase may be offset
by capitalizing 3-8 % of OPEX over a 50-year horizon.

LCC MODEL (BLOCK B)

The total life cycle cost is calculated as the sum of cash flows
discounted to the initial point:

LCC = Coppex + Zi 2 1, .T[(COPEX,t + CMAINT! =R)I(T + )] +
+ Ceol /(1 + 1), )]

where Ccapey i the investment costs;
T is the horizon (50 years, median according to [5]);
Corex, is the annual operating expenses;
Cuainr is the maintenance and capital repairs;
R, is the revenues (rental income, capitalization effects);
ris the real discount rate;
Ceo. is the decommissioning.

The structural shares are taken as an average [5]:
CAPEX =~ 20 %, OPEX + MAINT ~ 75 %, EoL~5 % atr = 7 %. Sen-
sitivity is checked in the range r € [3; 10] %; for Russian conditions,
the baseline scenario r = 7 % reflects a long-term inflation rate of
4 % and a risk premium for the developer project.

The empirical basis of the methodology includes 25 peer-
reviewed publications from Scopus/WoS for the period 2018-2026,
as well as industry reports from DOM.RF® and EPZ.RF', the Ministry
of Construction of Russia, Glavgosekspertiza, and NOSTROY, as well
as regulatory documents (SNiP 1.04.03-85*%, SP 48.13330.2019%,
SP 333.1325800.20202, Decree of the Government of the Russian
Federation No. 6146, 214-FZ7).

RESULTS: DECOMPOSITION AND STANDARD
DURATION OF STAGES

For an industrial multi-apartment building of increased height
(16-17 storeys, with a total area of 15-20 thousand m?), the stan-
dard structure of the stages is presented in Table 1. The standard

¢ Decree of the Government of the Russian Federation No. 614. URL: https://www.
kontur-extern.ru/info/normativ/document/1/471103-postanovlenie-pravitelstva-rf-ot-17-05-
2024-n-614

7 Federal Law No. 214-FZ. URL: https://www.kontur-extern.ru/info/normativ/
document/1/471103-postanovlenie-pravitelstva-rf-ot-17-05-2024-n-614

Table 1. Standard duration and weight structure of the life cycle stages of a hypothetical apartment building (18,000 m?, 17 floors)

Number Stage No. 7™, months Weight w; Source of rationing
1 Pre-project and grade coordination 4.0 0.12 GrK RF%; data DOM.RF®
2 Engineering surveys 1.5 0.05 SP 47.13330.2016°
3 Design 6.0 0.18 PP No. 87 industry practice
4 PD examination 1.0 0.03 PP No. 145" (20 working days + possible extension)
5 Preparatory period 1.5 0.05 SP 48.13330.2019*
6 Construction and installation works 18.0 0.53 SNiP 1.04.03-85*3 (with coef.)
7 Start up and commissioning 1.0 0.04 SP 48.13330.2019*
8 Total for 33.0 ISC33,01,00 |-

8 GrK RF. URL: https://www.consultant.ru/document/cons_doc_LAW_51040/

Source: compiled by the author on the basis of SNiP 1.04.03-85%, SP 48.13330.2019¢, PP No. 87", PP No. 145'; calibration w; — according to ERZ.RF' (2025).

9 SP 47.13330.2016. URL: https://nav.tn.ru/cloud/iblock/661/66119e6532fdd298a14c43d2847888fc/SP-47.13330.2016-Inzhenernye-izyskaniya-dlya-stroitelstva.-Osnovnye-polozheniya.pdf
© PP No. 87. URL: https://rpn.gov.ru/upload/iblock/1a5/5hz74I2d6a8jdOw2fhlawld9mo91I19b/Postanovlenie-Pravitelstva-RF-ot-16.02.2008-N-87-_red.-ot-28.12.2024_-O-sostave-

razdelov-proektnoy-dokumentatsii-i-trebovaniyakh-k-ikh-soderzhaniyu.pdf

1 PP No. 145. URL: https://www.kontur-extern.ru/info/normativ/document/1/505956-postanovlenie-pravitelstva-rf-ot-05-03-2007-n-145
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duration of construction and installation work for a 16-storey mono-
lithic residential building with an area of 6,000 m?, according to
SNiP 1.04.03-85%3, is 12 months; for an area of 18,000 m?, taking
into account the scaling factor for labour intensity, it is 18 months.
The weighted average empirical period for ERZ.RF' for 2025 is 827
days (=27.2 months), which reflects the accumulated losses relative
to the standard.

TOOL APPLICABILITY MATRIX AND COUPLING
COEFFICIENTS

The k; matrix is formed expertly on the basis of generalization
[7-10, 13-28, 28-31] and reflects the depth of tool penetration into
the stage (Table 2).

Table 2. Matrix k;k; of tool applicability to MRB LC stages

Stage/Tool TIM Lean 0TM
1. Pre 0.40 0.30 0.60
2. Research 0.60 0.20 0.30
3. Design 0.90 0.40 0.50
4. Expertise 0.70 0.10 0.20
5. Preparation 0.50 0.70 0.80
6. SMR 0.60 0.90 0.90
7. Commissioning 0.80 0.40 0.50

Source: compiled by the author on generalization [1-4, 6-13, 18, 19].

The pattern of accents is obvious. The team works as best as
possible at the project and expert stages — this is where the main
effect of implementing the information model is achieved (reducing
the number of RFI, speeding up documentation verification). Lean
focuses on the preparation period and QMS-where clock planning
and LPS provide measurable compression. OTM makes the great-
est contribution to training and QMS through on-line organization
and fast-tracking. This distribution is consistent with the data of [9]
(efficiency increase at the junctions of stages) and [4] (fast-tracking
limit 25 %).

Interaction coefficients ¢; are assumed according to the follow-
ing logic. BIM acts as a data carrier for design and expertise, Lean

organizes the flow of designers — cry; = 1.10 (mutual rein-

: CLean,
forcement). During the CIW, the combination (ij OTM (in-line orga-
nization, fast-tracking) and Lean (clock planning, LPS) works syner-
gistically at ¢ = 1.15. Applying fast-tracking at the design stage
without BIM support increases the risk of alterations and is penal-

ized with a lowering ¢ = 0.85 [4]. No explicit conjugation — ¢ = 1.00.

ESTIMATED REDUCTION ESTIMATE (BLOCK A)

Substituting the parameters in formula (1) gives: at the lower
bounds of g and ¢; = 1.00, the integral reduction of DT_JC =
= 7.6 months (23 %); when positive conjugates are included, it is
9.2 months (28 %). The sensitivity to g is low (+2 % over the entire
empirical interval), while the variation of g.,, and c parameters
at the CIW stage shifts the result in the range of 5-10 %. The reason
is structural: more than half of the standard duration of the ICC falls
on the CIW (wg = 0.53), so any tools that work on the construction
site give the maximum absolute gain.

ANPV ESTIMATION AND COMPENSATION THRESHOLD
(BLOCK B)

For a 17-storey MRB with an area of 18,000 m? (216 apart-
ments), the following parameters are accepted: specific CAPEX of
160 thousand rubles m? (data from DOM. RF/ERZ.RF', 2025), spe-
cific OPEX of 1,100 rubles/m?/year, capital repairs of 15 % CAPEX
every 25 years, EoL of 3 % CAPEX. Discount rate r = 7 %, tariff
escalation 4 %. The results of the LCC calculation for the basic and
optimized scenarios are presented in Table 3.

Multidirectional result. The optimized scenario requires an ad-
ditional RUB 57 million in CAPEX to equip the building loTwith
L2-level 10T/BMS circuits. These costs are already repelled by
the effect of opening escrow (90 million rubles) and releasing in-
voices (—72 million rubles), but the main gain is 400 million rubles.
reduction of the reduced OPEX over 50 years-is formed in the op-
erational phase due to predictive maintenance of HVAC, timely re-
sponse to deviations and extension of the service life of engineer-
ing systems by 20 % [19]. The final reduction in the NPV of the LC
is 8.6 %.

However, the result is reversible. If the reduction of the con-
struction phase by 6 months is accompanied by a decrease in
the as-built transmission level below L2, OPEX increases. With
moderate degradation (+3 % OPEX from the base), the threshold
for compensation of losses by temporary gain is AT ~ 4.5 months,
with significant (+8 %) — At > 9 months, which exceeds the realistic
limit of fast-tracking. In other words: you can accelerate, but only if
you maintain the maturity of the digital twin. Below this threshold,
the acceleration of construction becomes economically harmful on
the housing and utilities horizon.

TESTING: TWO SCENARIOS ON A CONDITIONAL
OBJECT

Basic scenario: the developer applies TIM only at the design
and expert stages (mandatory minimum for PP No. 614), uses
the classic flow-based organization of the CIW without clock

Table 3. LCC-calculation of the model MRB of 18,000 m?: basic and optimized scenarios (billion rubles, given at the beginning of the LC)

NPV Basic component (CIW 36 months, L1) | Optimized (CIW 30 months, L2+) A
CAPEX (design + CIW) 2,880 2,937 (+2 % on loT/BMS) +0.057
Escrow Disclosure acceleration effect (6 months) - 0.090 -0.090
Semi-fixed overhead costs 0.432 0.360 (-17 %) -0.072
OPEX pv over 50 years (r=7 %) 2,670 2,270 (-15 % due to DT) -0.400
Major repairs pv 0.380 0.340 -0.040
EoL pv 0.003 0.003 0.000
Total LCC (NPV) 6,365 5,820 -0.545 (- 8.6 %)

Source: author's calculation by the method of Blocks A, B, C; calibration-DOM. RF® (2025), Hosamo et al. [19], Deng et al. [18]. | 4
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planning, passes as-built at the L1 level. The estimated reduction of
the ICC is 4.9 months, with an increase in NPV of about 1.2 %.

Advanced Scenario: TIM at all seven stages with continuous
CDE; LPS and clock scheduling on the CIW with a clock cycle of
5 working days; fast-tracking with positive coupling ¢ = 1.15; trans-
fer of as-built to L2 with a transition to L3 in 18 months after input.
The reduction of the ICC is 9.2 months, the increase in the NPV of
the LC is 7.5 %. The estimated cycle duration falls to 23.8 months
(~720 days) and fits into the target corridor of the national project
“Infrastructure for Life” (1,000 days by 2030) with a margin.

The reachability of the extended scenario is limited by three
conditions: the current shared data environment at the level of
the customer-developer (requirement of PP No. 614); adoption
of the LPS regulations no later than the 5th stage; resource avail-
ability of teams for clock cycles. If at least one of the conditions is
violated, the realistic estimate falls to 5-6 months of reduction—
a level comparable to the indicators of the leaders of the ERZ.RF'.

DISCUSSION

The resulting 22-28 % integral reduction coincides with
the boundaries of independent empirical benchmarks: 20 % in time
on an average BIM case [9] and ~ 25 % as a realistic limit of fast-
tracking [4]. This means that there is no “miracle” beyond the phys-
ical limitations of the industry — the methodology does not promise
anything beyond what the cumulative empirical base provides. In
our opinion, this is rather a virtue: a conservative convolution pro-
tects better from disappointment than an optimistic one.

Correlation with Russian schools. The works of A.A. Lapidus
operate with the integral potential of organizational and technologi-
cal solutions without direct translation into days [1]; our potential is
reduced to the coupling coefficients ¢;, which makes the model
measurable in terms of time and money at the same time. The con-
cept of three types of inter-stage relationships between Zhdanova
and Lapidus [2] is reflected in the matrix structure: the overlapping
relationship is manifested in an increased k;; for stages where TIM
and OTM work simultaneously (design — preparation). Works in
the journal “Real Estate: Economics, Management” [7, 8, 14-17]
form the methodological base to which we add the quantitative con-
tour of trade-off assessment “speed — quality”.

Limitations of the method. First, the model does not take into ac-
count the probabilistic nature of external barriers — delays in con-
necting to engineering networks and passing state expertise beyond
the standard time limits, which play a significant role in the actual
duration of the ICC. Secondly, the personnel deficit of the industry
(according to industry estimates, NOSTROY — about 750 thousand
people) is not directly included in the formula and is taken into ac-
count only by lowering ¢, ., for facilities with a proven shortage of
teams. Third, testing is performed on a conditional object; verification
on a real specimen requires data from developers' corporate ERP
systems, which are still closed to researchers. Fourth, the choice of
additive-multiplicative convolution is not unique — alternatives based
on Bayesian network theory model causality more accurately, but
require training specimens that are not publicly available.

Conditions of applicability. The method is adequate for indus-
trial MRB with a typical number of floors of 9-25 fl. with an area of
10-30 thousand m?, built using monolithic or prefabricated mono-
lithic technology, if the developer has a full-fledged CDE and
an up-to-date as-built model in IFC format. Unique items, high-rise
buildings over 75 m, and spot buildings require recalibration of k;
and ¢; — their applicability coefficients differ systematically (for
more information, see a separate paper).

What is left out of the box. The effect of TIM at the operational
stage is manifested through a reduction in operating costs, but not
directly through the duration of the stage. The method takes this
effect into account indirectly-through the penalty function AOPEX,,,
and not as an independent term of DT_JC. This choice is realized:
it is methodically unsafe to mix time and cost reductions in the same
denominator.

CONCLUSION

The proposed methodology reduces three independently de-
veloped areas-TIM, Lean Construction and OTM-to a single calcu-
lation formula for reducing the duration of the investment and con-
struction phase of the MRB housing and utilities complex.
The estimated reduction for a conventional 17-storey building with
an area of 18,000 m? is 22-28 % with lower limits of empirical coef-
ficients and correct coupling of tools. This translates the standard
facility from the current mode of 33-43 months to 24-26 months
and is consistent with the target of 1,000 days of the national proj-
ect “Infrastructure for Life”.

The main methodological result is dual-circuit control “AT + ANPV”.
The first contour describes a reduction in duration, while the sec-
ond one imposes a quality restriction that prohibits saving time at
the cost of capitalized OPEX losses. The connection of the con-
tours is closed through the maturity level of the digital twin: L2 ac-
cording to Deng et al. [18] — the threshold value at which the in-
crease in the NPV of LC reaches 3.5-7.5 % when the construction
phase is reduced by 6 months. Below L2, the acceleration is reset
to zero or becomes negative.

The practical significance of the work lies in the fact that
the methodology is suitable for use by developers under Federal
Law No. 214-FZ" at the stage of forming a schedule for the project
of integrated development of territories and at the same time serves
as a diagnostic tool for assessing the gap between the regulatory
and actual terms. The k; matrix k;; allows you to evaluate at which
stages and which tools the reduction reserve is most fully used, and
the penalty function AOPEX,, allows you to cut off false savings
scenarios.

Areas of development. First, empirical calibration of the ¢;; coef-
ficients ¢; on a specimen of at least 30 implemented MRB with
the participation of enterprise ERP systems of industry leaders.
Secondly, integration of the probabilistic block of external barri-
ers — state expertise, connection to engineering networks, and
personnel availability. Third, extending the model to the operational
phase through the cost indicators of LC with calibration of penalty
degradation coefficients as-built according to HEAD OF STATE
EXPERTISE™ and GIS EGRZ"™.
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Pa3pa6oTka MeToAUKWN COKpaLLeHus
NPOAOIHKUTESNIbHOCTU 3TanoB XU3HEHHOro
LMKJIa 06bEKTOB XUJTULLIHOIO
cTpouTenbcTBa

HauunoHanbHbIn npoekT «MHdpacTpykTypa Ansa XvusHu» 3agaet
LieneByio AMTENIbHOCTb MHBECTULIMOHHO-CTPOUTENIBHOMO LMKNa
(MCL) MHOrokBapTUPHOro Xunoro goma — He 6onee 1000 cyTok
K 2030 r., Torga Kak akTmyeckui nokasarenb cHusumncs ¢ 2181
oHa B 2021 r. po 1253 gHen B 2025 r. Habntogaemsbin paspbiB
MeXAy HOpMaTUBOM WM NPAKTUKON HEOOHOPOLEH: Y OAHMX 3a-
CTPOMLLIMKOB MEPEHOC BBOAA HYNEeBOW, y APYrnx JocTuraet Tpe-
Tn cpoka. CoxpaHaeTcsi MeToanyeckuii npoben — HeT eanHo-
ro pac4eTHOro annapara, KoTopbli CBA3blBan Obl COKpaLleHne
3TanoB Xn3HeHHoro uukna (XKL|) ¢ nHTerpanbHbIM 93KOHOMUYeE-
CKMM 3O(hEKTOM U C KA4eCTBOM nepefayqn MHPopMaLMOHHOM
MogZenu B akcnnyatauuto. Llens — paspaboTarb Takyto Metoau-
Ky ana nHgyctpuanbHbix MK, VIHCTpyMeHTapuii onvupaeTcs Ha
[EeKOMMO3ULMI0 MHBECTULIMOHHO-CTPOUTENBHOW (hadbl HA CEMb
3TanoB; agauTUBHO-MYNbTUNNIUKATUBHYO CBEPTKY Scbd:)eKTOB
Tpex rpynn MeponpuaTuii (TEXHONOrMN MHPOPMALIMOHHOIO MO-
nenvpoBaHus, 6epexnMBoe CTPOUTENbCTBO, OPraHN3aLMOHHO-
TEXHONMOrM4ecKoe MogenMpoBaHue) Yyepes KoahmMLMEHTbI CO-
NpsH>KeHns; WTpadHy MyHKLUMIO gerpagauun as-built mogenw,
Kanutanuanpyemyto B onepaunoHHon ase Ha 50-netHem ro-
pu3oHTe. Anpobauus Ha ycnosHom 17-ataxHom MK nnowia-
obto 18 000 m? paet noteHuman cokpateHus NICLL Ha 22-28 %
npv OfHOBPEMEHHOM MPUPOCTE YUCTOW NPUBEOEHHON CTOUMO-
CTW XXMU3HEHHOro LuKna B gnanasoHe 3,5-7,5 %, HO nuLlb npu
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KOHTYpHOe yrnpaBsrnenune «T + NPV» yepe3 koadhurLmeHTsI co-
NPSKEHUS U KPUTUHECKUIA MOPOr KomMneHcaumm noteps OPEX.
MeToauka npvmeHuma 3actpoviukamm no 214-®3 1 B npoek-
Tax KOMMIEKCHOrO PasBUTUS TEPPUTOPUNA.

Knro4deBbie cnoBa: X13HEHHbIN UK 34aHUsI, MHOIOKBapTUp-
HBIV XXWNI0M JOM, MHBECTULNOHHO-CTPOUTESbHBIA LUK, CTOU-
MOCTb XU3HEHHOro LUuka, MHGhopMaLynoHHoe MoAeINpoBaHme,
UngppoBOU ABOVIHVK, YncTas rMpuBeAeHHass CTOMMOCTb, 6Eepex-
JIMBOE CTPOUTEILCTBO, OPraHn3alymoHHO-TEXHOIOrNYecKoe Mo-
AenpoBaHne, KOMIIEKCHOe pa3BuTUe TEPPUTOPUI
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Reconstruction of linear communication
networks in confined conditions as part
of comprehensive territorial development

The paper examines the specifics of reorganizing telephone duct networks within densely built urban areas
of Moscow during implementation of comprehensive territorial development and renovation projects. The focus
is on four cable duct construction technologies: open-cut construction (installation of pipelines in trenches), aer-
ial construction (installation of pipelines on overhead supports or laying cables in dedicated trays), horizontal
directional drilling (HDD), and horizontal jacking. A comparative analysis is presented of their technical capabili-
ties, limitations, application conditions, and impacts on schedule, cost, and construction organization. The study
demonstrates that the open-cut method is the simplest, most transparent, and economically accessible solution; / .
however, its applicability is constrained by the high density of underground utilities, the need for subsequent site {
restoration, and its unsuitability for sections with intensive traffic. Horizontal directional drilling enables installa-
tion without disrupting the road surface and is particularly effective for crossing railways, highways, and other
obstacles, but requires specialized equipment and is associated with higher costs. Horizontal jacking is consid-
ered a related technology that allows work in confined conditions but is limited by pipeline diameter and imposes
elevated strength requirements on the pipes. The aerial method is characterized as the most expedient and tem-
porary solution when rapid clearance of a construction site is required, yet it is inferior to other methods in terms
of reliability and is sensitive to certain weather conditions. Based on practical case studies, an algorithm is pro-
posed for selecting the optimal cable duct construction method, taking into account the engineering environment,
work schedules, and economic feasibility. The recommendations obtained can be used in the design and reor-
ganization of communication networks in large metropolitan areas.

Keywords: communication network reconstruction, Moscow renovation, horizontal directional drilling, HDD, hor-
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omprehensive territorial development is

an extremely complex organizational and

technical process that requires a balanced
integration of urban-planning, infrastructure, and
social objectives [1]. Under Moscow’s federal hous-
ing-renovation program for 2017-2032, 5,175 build-
ings are scheduled for demolition and more than
one million residents are to be relocated.

In the digital era, the functioning of modern so-
ciety is impossible without high-speed internet,
which enables data transmission via Ethernet and
GPON protocols using fibre-optic or copper cables
laid in telephone ducts [2]. Traffic volume in Mos-
cow’s communication networks increased by 50 %
in 2025, which makes the modernization of more
than 150,000 km of cable lines necessary. In this
context, the relocation and reconstruction of com-
munication networks is an important factor in the ter-
ritorial-renovation process.

In megacities such as Moscow, dense develop-
ment and limited space impose strict constraints
on the flexibility of reconstructed duct networks.
Confined conditions caused by roads, green spaces,
and a large number of underground utilities in rede-
velopment areas present a serious challenge to en-
gineers involved in communication-network recon-
struction [3].

When reconstructing communication networks,
a construction organization faces a number of diffi-
culties and constraints':

' SP 519.1325800.2023. Communication networks. Design
rules. Introduction. 2023-04-18. Moscow, Ministry of Construction
of Russia, 2023.

1. The minimum permissible distance from exist-
ing utilities: no less than 0.5 m, as well as the need
to reinforce the pipeline with casings in certain cases.

2. Minimum burial depth of the pipeline in soil:
0.6 m under roadways and 0.4 m in other areas. It is
also recommended to place the pipeline below
the frost depth for greater structural reliability.

3. Maximum distance between inspection struc-
tures: 150 m, and the installation of cable-duct man-
holes at route bends.

4. Required pipeline slope: at least 3-4 mm
from the centre of the span toward the manholes for
water drainage.

These conditions often lead to downtime, the im-
possibility of using mechanized labour for trench
excavation, an increased share of manual labour,
and, consequently, longer construction times and
more complicated installation.

The novelty of the study lies in the systematiza-
tion of four methods of cable-duct reconstruction
and the development of a technology-selection al-
gorithm based on a comprehensive analysis of tech-
nical constraints, economic parameters, and practi-
cal case studies.

Within this study, the authors attempted to de-
velop methodological recommendations for select-
ing the optimal method of telephone-duct recon-
struction in dense urban development based on
a comparative analysis of technologies and practi-
cal verification.

Analysis of methods

There are four main methods for installing tele-
phone duct networks.
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1. Open-cut reconstruction of a telephone duct is a traditional
method involving trench excavation and pipeline installation within
the trench [4]. This method is the most widely used in Moscow.

Advantages:

e simplicity of the process;

® no need for complex technological equipment;

® [ow Cost;

e process transparency: trench excavation makes it possible
to identify existing utilities crossing the constructed pipeline,
thereby allowing route adjustment [5].

Disadvantages:

e the method requires subsequent site restoration;

e when laid beneath roadways, it may disrupt public transport
routes, making it necessary to create a replacement route
and causing additional financial costs;

e when crossing railways, it may require traffic stoppage, which
is unacceptable on heavily trafficked railway lines;

e in areas with a high density of underground infrastructure, this
method may be impossible because it is physically impossi-
ble to maintain the required distances between utilities.

2. Horizontal directional drilling (HDD) is a technologically more
complex method involving drilling a borehole of the required diam-
eter and pulling pipes into it [6].

Advantages:

e simpler from a design standpoint, since the pipeline can be

placed at a depth that avoids contact with existing utilities;

e there is no need to close or reconstruct railways; only rail pro-
tection mats are required to minimize settlement risks, so
post-construction restoration costs are much lower than with
the open-cut method.

Disadvantages:

e high cost;

e the need for complex equipment.

3. Horizontal jacking is a method similar to HDD, but its distin-
guishing feature is that the pipes are jacked directly into the ground
at the bore location [7].

The advantages of this technology are similar to those of HDD,
and additionally, the soil is strengthened in the jacking zone.

Disadvantages:

e higher strength requirements for the pipes;

¢ pipe diameter limitations: from 0.8 to 1.7 m.

4. Aerial reconstruction of communication networks is the sim-
plest of the methods presented [8]. It consists of suspending ducts
on supporting structures and running cables along them?.

2 Konosov D.V. Utility Model Patent RU 129310 U1. Aerial cable conduit system and
cable routing distribution device. Published June 20, 2013. URL: https://rusneb.ru/cata-
log/000224_000128_0000129310_20130620_U1_RU (rus.).

Advantages:

® no earthworks;

e simplicity;

® [ow cost.

Disadvantages:

e structural unreliability;

e difficult operation under unfavorable weather conditions, in-
cluding subzero temperatures, excessive precipitation, and
wind loads.

Analyzing all methods, a comparative table of the advantages
and disadvantages of different communication-network installation
methods can be compiled, as shown in Table.

The study also included a detailed comparison of the costs
of communication-network reconstruction methods based on cost-
estimate analysis using the TSN-2001 collections®. The results showed
that open-cut and aerial installation remain the most economical op-
tions, at approximately 1.2 and 1.0 arbitrary units (a.u.), respectively.
Horizontal jacking shows an intermediate cost level of about 2.0 a.u.,
whereas HDD is the most expensive method, at 3.8 a.u.

The difference between the cheapest and the most expensive
methods is significant: HDD is approximately 3.8 times more ex-
pensive than the aerial method. This is explained by the high cost
of specialized machinery, drilling fluids, preparatory operations,
and the drilling technology itself.

From the standpoint of economic efficiency, the aerial installa-
tion method is the best solution because it requires minimal costs.
However, the final choice should be made not only on the basis
of cost, but also on the basis of working conditions, the presence of
existing utilities, requirements for preserving the pavement, con-
struction deadlines, and restrictions on open excavation.

PRACTICAL CASES

1. Open-cut reconstruction

In December 2025, communication networks were being re-
constructed at the site: “Demolition of residential buildings at 6, 8,
10, and 12 Rodnikovaya Street, Solntsevo District, Moscow, and
engineering preparation of the area for residential construction with
relocation of engineering utilities” (Fig. 1).

Based on the existing underground utilities at this site, the open-
cut method was chosen as the most appropriate method for con-
structing the cable duct, since the low density of underground utili-
ties made it possible to maintain the required spacing between
networks. Open-cut construction was considered economically
optimal and technically satisfactory.

3 TSN 2001-01. Laying engineering communications in an open manner in the cram-
ped conditions of Moscow. Moscow, Moskomarkhitektura, 2001; 25.

Comparative characteristics of telephone-duct installation methods

Method Advantages
Open-cut | Simple equipment, simple operation, no pipeline

Disadvantages Application
Difficult to implement in areas with dense utili- | Optimal where underground utility density is
diameter restrictions ties; site restoration required after construction | low
Method Advantages Disadvantages Application
HDD Can be used in areas with dense underground utilities; | Process is difficult to monitor; minimum Suitable for installation under railways within
minimal restoration required after construction length is 60 m right-of-way boundaries and in areas with very
dense existing utilities
Horizontal | Can be used in areas with dense underground utilities; | Higher pipe strength requirements; process is | Suitable for installation under roadways when
jacking minimal restoration required after construction difficult to monitor; maximum length is 60 m | closing the road is economically unjustified,
and in areas with very dense existing utilities
Structural unreliability; unsuitable at low tem- | Temporary solution
peratures

Aerial Simple network installation; no earthworks required
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Fig. 1. Reconstruction of communication networks by the open-cut method

2. HDD construction

In 2025, telephone-duct reconstruction (reconstruction of PJSC
MTS communication networks) was carried out at the site: “Pedes-
trian crossing over the MCD in the Lokomotivny Proezd area. Con-
struction of the street-and-road network” (Fig. 2). At this site, it was
necessary to reconstruct a telephone duct passing under railway
tracks. The section has very intensive train traffic, about 100 pairs
of passenger and freight trains per day, and because of the short
duration of available technological windows, open-cut construction
should be considered impossible.

At the same time, aerial construction was also impossible at this
site because the redevelopment area is within the protected zone
of operating Russian Railways (RZD) overhead power lines, including
the contact network and a 10 kV overhead line®.

Based on these facts, the possible installation methods were
HDD and horizontal jacking [9]. Considering the length of the duct
to be reconstructed, 70 m, HDD was the preferred method [10].

4 SP 32.13330.2012. Sewerage. External networks and structures. Updated version
of SNiP 2.04.03-85.

3. Aerial construction

In April 2024, construction was carried out at the site: “Residen-
tial building with adaptation of an underground parking facility into
a civil defense shelter («shelter»), with engineering networks and
landscaping of the territory (including demolition of residential
buildings at 2A Okruzhnaya Street and 1 Svetlogorsky Proezd) at land
plot 2A, Okruzhnaya Street, South Tushino District, Moscow (North-
West Administrative Okrug)” (Fig. 3, 4).

Because the construction site had to be cleared of communica-
tion networks in a short time, it was decided to carry out the works
in two stages: first, part of the span was built using the aerial meth-
od, and then it was reconstructed by the open-cut method.

The use of the aerial method was driven by the tight construc-
tion schedule, since the other methods would have required much
more time. However, this method is limited by ambient temperature
conditions: construction cannot be performed in winter, when
the air temperature is below the permissible threshold, because
laying communication cables under such conditions is prohibited
due to their brittleness [11].
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Fig. 2. Reconstruction by horizontal directional drilling at the site “Pedestrian crossing over the MCD in the Lokomotivny Proezd area.

Construction of the street-and-road network”
|
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Fig. 3. First stage of communication-network reconstruction: aerial construction along the construction site fence
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Fig. 4. Second stage of communication-network reconstruction: open-cut construction

CONCLUSIONS

Four methods of communication-network reconstruction were
considered: the open-cut method, HDD, horizontal jacking, and
the aerial method. Each has a clearly defined field of application,
ranging from the economically efficient open-cut approach in areas
with low utility density to trenchless technologies used at transport
crossings and in congested underground environments. The aerial
method is reasonable as a temporary solution when time is limited.

The practical cases confirm the validity of this choice: the open-
cut method is suitable where utility density is low, HDD is appropri-
ate under railway tracks with intensive traffic, and the aerial method
is useful for rapid site clearance followed by later replacement.

The results of the analysis allow designers to select a recon-
struction method in a justified way, taking into account technical
constraints such as the 0.5 m clearance requirement, 0.6 m burial
depth under roads, a slope of 3—4 mm/m, and the density of exist-
ing utilities in the reconstruction zone, as well as economic param-
eters. The recommendations obtained are applicable to compre-
hensive renovation projects in the dense urban fabric of Moscow.
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Oco6eHHOCTU NepeyCcTPOMCTBA JIMHENHbIX
ceTen CBA3U B CTECHEHHbIX YCNOBUAX

B paMKax KOMMJIEKCHOro pa3BuTtus
TeppuTopuun

B ctaTbe paccmMoTpeHbl 0CO6EHHOCTUN MepeycTporicTBa Tene-
(POHHOM KaHanM3aumm B yCroBUsAX NIOTHOW FOPOLCKOM 3aCTPON-
Kn ropofa MockBbl Mpn peann3aunn NPOEeKTOB KOMMIIEKCHOrO
pasBuUTUS TeppuTopun 1N peHosauum. OCHOBHOE BHUMaHWe yae-
NIEHO YeTbIPEM TEXHONOrNAM CTPOUTENLCTBA KaberlbHON KaHa-
NM3aunn: CTPOUTENbCTBY OTKPbITbIM CMOCO60M — MpoKnagka
Tpy6bonpoBofa B TPaHLLE, CTPOUTENLCTBY BO3AYLLUHLIM CMOCO-
60M — npoknagka Tpy6onposoAa No BO3A[yLLHbIM ONOpaM mnm
npoknagka Kabenen B cneymanMavpoBaHHble JTIOTKW, FOPU30H-
TanbHO-HanNpaBfiEHHOMY OYPEHMWI0 U FOPU3OHTaNIbHO-HanpaBs-
NeHHoMy npoaasnueaHmnio. MNpoBeaeH cpaBHUTENMbHbLIN aHanu3
MNX TEXHONOIMYECKNX BO3MOXHOCTEW, OrpaHN4YeHnI, yCnoBum
NPYMEHEHUs, a TakxXe BIMAHUS Ha CPOKW, CTOMMOCTb M opra-
HM3aLMo CTPOUTENbHBIX PaboT. MNokasaHo, YTO OTKPbIThIA CMO-
cob aBnseTcs Hambonee NPOCTbIM, HArMAAHbIM Y S3KOHOMUYECKN
LOOCTYMHbIM peLleHneM, 0QHaKo ero NpUMeHeHne orpaHm4mBa-
€TCS BbICOKOW MMIOTHOCTbI MOA3EMHbIX KOMMYHUKALWUA, HEO6-
XOAMMOCTbIO MOCneayoLero 61aroycTponcTea TEPPUTOPUM 1
HEBO3MOXHOCTbLIO MCMOMb30BaHNSA Ha y4acTKax C MUHTEHCUBHBIM
TPaHCNOPTHBIM ABWXEeHNeM. [opn3oHTanbHoHanpasneHHoe 6y-
peHne no3BonsdeT BbIMONMHATbL NPOKNagKy 6e3 BCKPbITUA OOPOX-
HOWM MOBEPXHOCTU U OCOB6EHHO 3(PEKTUBHO MpU NepeceveHnmn
XenesHbIX Jopor, aBTOMOOWITbHLIX MarnucTpanen u apyrux npe-
NATCTBUI, HO TpebyeT NPUMEHEHNS CneLnann3npoBaHHOro 060-
PYLOBaHUS N XapakTepuayeTcs BbICOKOW CTOMMOCTbIO. [OpU30H-
TanbHO-HanpasneHHoe NpoaBMBaHNe paccMaTpuBaeTcsa Kak
651M3Kas No Ha3Ha4YeHUIo TeXHoNorus, obecne4vmsaroLLias Bo3-
MOXHOCTb paboTaTb B CTECHEHHBIX YCMOBUAX, OQHAKO NMEET Or-
paHn4eHuns no guameTpy Tpy6onposofa v NoBblLLEHHbIE TPe6o-
BaHWs K MPO4HOCTM Tpy6. BO3AyLLHbIN Cnoco6 xapakTepuayeTcs
Kak Havnbonee onepaTVBHOE Y BPEMEHHOE peLleHne, NPUMEHS-
emMoe nNpu Heob6xoAMMOCTU HbICTPO 0CBOOOAUTL CTPOUTENbHYIO
nnoLagky, Ho OH ycTynaeT ocTasibHbIM METOf4aM MO HafAeXHO-
CTN 1 TpeboBaTesieH K onpefeneHHbIM NorogHbIM ycnoeuam. Ha
OCHOBE NPaKTUYEeCKMX KENCOB CHOPMYNMPOBAH aniropmuTm Bbl6o-
pa onTUmarnbHOro MeTofa CTPoUTENbLCTBA KabenbHoM KaHanmaa-
LN C YH4ETOM MHXEHEPHOM 06CTaHOBKWN, CPOKOB NMPOU3BOACTBA
paboT 1 9KOHOMUYECKOW LiennecoobpasHocTu. [NonyyeHHble pe-
KOMeHAALUN MOrYT 6bITb MCMONBb30BaHbI MPU NPOEKTMPOBAHUN
1 NepeycTpONCTBE CETEN CBA3N B Meranonucax.
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TasibHO-HarnpaBIeHHoe NpoAaBIMBaHNe, CTPOUTENILCTBO OTKPbI-
TbIM CMOCO6OM, M/I0THAsi rOPOACKas 3acTpovika, TeEXHUYecKne
OrpaHn4YeHnsi ceTevi CBs3un
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Selecting optimal organizational
and technological solutions during

the pre-investment stage

of an investment-construction project, taking
into account natural and man-made risks
and the principles of sustainable construction

The paper addresses the selection of rational organizational and technological solutions at the pre-investment
stage of an investment and construction project under uncertainty caused by natural and technological risks and
by the need to incorporate sustainable construction principles. A methodological approach is proposed based on
the joint consideration of management alternatives, organizational and technological factors, rationality criteria
and project constraints. A spatial-factor model is used to formalize the relationships between project typology, or-
ganizational and technological complexity, controllable parameters, risks and alternative solutions. The proposed
approach creates conditions for improving the validity of early decisions, reducing the influence of uncertainty
and increasing the organizational and technological resilience of the project.
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modern investment and construction project
Ais a complex organizational and technologi-

cal system whose operation is determined
by the combined influence of economic, organiza-
tional, technological, resource-related, natural, and
man-made factors [1, 2]. At the same time, a signifi-
cant portion of the parameters determining the pro-
ject’'s subsequent performance are established be-
fore the start of major construction and installation
work: the basic implementation plan, the composi-
tion of participants, the organizational management
structure, the sequence of preparatory work, re-
source requirements, and requirements for technolo-
gies and information exchange are all defined. For
projects implemented according to the principles
of sustainable and “green” construction, additional
requirements regarding energy efficiency, resource
conservation, waste management, and environmen-
tal safety are taken into account. Consequently,
the quality of decisions made during the pre-invest-
ment stage is directly linked to the ability to ensure
the project’s sustainable operation in subsequent
stages [3, 4].

DEFINING THE TASK OF SELECTING
ORGANIZATIONAL AND TECHNOLOGICAL
SOLUTIONS

The pre-investment stage is viewed as a phase
during which it is still possible to make significant
changes to the project’s organizational and techno-
logical framework at a relatively low cost of adjust-
ing the decisions that have been made [5]. As
the project progresses toward the design and con-
struction phases, the freedom of choice diminishes,
and the cost of changing previously established
parameters increases. Therefore, the task of early

decision-making should be focused not on finding
a single, universal management solution, but on de-
termining a rational combination of solutions that cor-
responds to the characteristics of a specific project.

THE SYSTEM OF FACTORS AND
THE SPATIAL-FACTOR REPRESENTATION

The most significant methodological limitation
of the traditional approach to selecting manage-
ment forms is the consideration of factors in isola-
tion. To address this shortcoming, it is proposed to
use a spatial-factor representation, in which project
characteristics are viewed as an interconnected
space of selection conditions. This includes the ty-
pological characteristics of the object, organiza-
tional and technological complexity, resource con-
ditions, external constraints, parameters of stake-
holder interaction, and risk factors [6, 7].

DEVELOPMENT OF A SYSTEM OF CRITERIA

Once the factor space has been defined, it be-
comes necessary to translate the identified relation-
ships into a system of criteria suitable for the com-
parative evaluation of alternatives. It is fundamentally
important not to confuse factors and criteria. A factor
characterizes the state or condition of a project’s
implementation, whereas a criterion reflects the de-
gree to which a specific management decision aligns
with the project’s objectives given a specific state
of the factors. For “green” construction, the criteria
must allow for consideration not only of economic
and organizational-technological outcomes, but also
of resource intensity, environmental sustainability,
energy efficiency, and the verifiability of compliance
with requirements.
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ACCOUNTING FOR NATURAL AND MAN-MADE RISKS

A key feature of the proposed approach is the inclusion of risks
in the selection process prior to the final determination of the orga-
nizational form of management. This procedure allows risk to be
considered as a factor influencing the structure of the decision,
rather than merely as an object of subsequent monitoring. For each
significant risk, it is necessary to determine the probability of occur-
rence, the potential impact on the organizational and technological
chain, and the sensitivity of the alternative to that impact.

The pre-investment stage defines the initial conditions for
the subsequent implementation of the investment and construction
project: the choice of location is justified, site constraints are estab-
lished, and initial requirements for design and construction are for-
mulated. Therefore, at this stage, it is advisable to consider natural
and man-made risks not only as the identification of potentially haz-
ardous factors but also as the assessment of their ability to alter
the conditions for future construction.

This approach makes it possible to determine not only the pres-
ence of a risk but also how it translates into a specific constraint on
future construction. For example, flooding can lead to changes in
soil conditions and restrictions on the development of certain plots;
heavy precipitation can reduce the productivity of earthwork; a util-
ity network failure can disrupt transportation or resource supply
systems; and the presence of a hazardous man-made facility can
restrict the location of a structure.

For the purposes of pre-investment analysis, it is proposed to
consider five main types of constraints: territorial, technological,
temporal, resource-related, and logistical. Taking all of these into
account allows the results of risk assessment to be linked to the or-
ganization of subsequent construction activities (Table 1).

Consequently, the outcome of pre-investment assessment
should be not only a list of risks, but also their organizational and
technological profile, including the type of factor, the spatial area
of impact, the duration, the processes affected, and the nature
of the resulting constraints [8, 9].

In general terms, the extent of such an impact can be repre-
sented by the following diagram (Fig.).

The practical significance of the proposed approach lies
in the fact that, when comparing options for the project’s location
and implementation, consideration is given not only to the magni-
tude of the risk but also to its potential to constrain specific con-
struction processes. Thus, the pre-investment assessment serves
as a link between the study of the site and the development of fu-
ture organizational and technological solutions.

Thus, it is advisable to account for natural and man-made risks
as a process of transforming information about threats into a system
of project constraints. This makes it possible to identify vulnerable
elements of the future construction system before work begins and
to lay the groundwork for ensuring its organizational and techno-
logical stability during subsequent stages of project implementa-
tion.

PRINCIPLES OF SUSTAINABLE CONSTRUCTION
IN THE SELECTION PROCESS

Incorporating the principles of sustainable construction into
the model under consideration does not mean replacing economic
and organizational-technological criteria with environmental ones.
Rather, it involves expanding the evaluation system to include pa-
rameters that affect the long-term effectiveness of the project:
the rational use of material, energy, and water resources;

Table 1. The Formation of Organizational and Technological Constraints in an Investment and Construction Project Under the Influence

of Natural and Man-Made Risks

Risk category

Factor

Potential impact

Impact on organizational and

Resulting constraint

Potential project solution

on the site technological conditions
Natural Flooding Deterioration of soil Restrictions on earthworks Restriction of the work Site engineering prepara-
conditions; restricted site and foundation works period and/or work area tion; revision of construc-
accessibility tion sequence
Natural Landslide processes Ground deformation Restrictions on equipment Prohibition or restriction of Revision of the site
siting and movement zone use development boundaries
Natural Karst processes Loss of foundation bearing | Restrictions on the siting of Spatial constraint Special engineering
stability structures solutions
Natural Extremely low Deterioration of technologi- | Restrictions on specific con- Seasonal constraint Special construction
temperatures cal working conditions struction operations methods
Natural High winds Restrictions on safe Restrictions on erection and | Temporary work restrictions Schedule contingency
working conditions work-at-height operations allowance

Technological

Utility network failure

Restricted access and/or
resource supply

Disruption of the techno-
logical sequence

Restriction of the work area

Revision of routes and/or
construction sequence

Technological

Industrial facility accident

Impact on the adjacent area

Restrictions on facility siting

Sanitary-protection and/or

Change of site or project

spatial constraint layout
Technological Transport incidents Restricted access Disruption of resource Logistical constraint Alternative delivery
deliveries arrangement

Technological

Power supply limitations

Restricted site operation

Reduced production capacity

Resource constraint

Provision of backup
power sources

Technological

Existing underground
structures

Restrictions on site
development

Modification of earthwork
methods

Spatial constraint

Refinement of initial data

Technological

High failure rate of engi-
neering infrastructure

Disruption of normal site
accessibility

Risk of interruptions
to production

Limitation of supply
reliability

Infrastructure
redundancy
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Risk level
(probability of occurrence and severity of consequences)

{

Spatial scale of impact
(impact zone and range of distribution)

!

Temporal characteristics of impact
(duration and periodicity of impact)

Y

¥

Nature of influence
on construction organization

(influence on technology, work organization,
resources, logistics and schedules)

Uncertainty of initial
information

(completeness, reliability and viriability
of initial data)

!

Organizational and technological impact
(overall degree of risk impact under project implementation conditions)

Diagram illustrating the formation of organizational and technological impacts of natural and man-made risks

Table 2. Relationship Between the Principles of Sustainable Construction, “Green” Technologies, and OTS

Principle Green technology

Organizational and technological solution

Indicator Verification

Resources and energy | Energy and water

conservation

Resource metering; quality control of build-
ing envelope installation and commissioning

Specific consumption;
envelope defects

Meters, method statements, inspec-
tion certificates, test records

Waste reduction Separate collection

and recycling removal logistics

Zoning, provision of containers, and waste

Number of waste streams;
recycling rate

Construction site layout plan,
register, certificates

Impact reduction Dust suppression; runoff

and noise control site

Environmental control of the construction

Number of non-compliances;
rectification rate

Checklists, photographs, site logs

waste reduction; minimization of negative environmental impacts;
the adaptability of solutions; and the ability to verify the achieved
results [10, 11].

For organizational and technological decision-making, the prin-
ciple of sustainable construction translates into specific solutions:
energy efficiency — into the technology for installing and monitor-
ing building envelopes and engineering systems; resource conser-
vation — into standards for water and energy consumption; waste
reduction — into separate collection, sorting, and managed logis-
tics; environmental safety — into control of dust, noise, and efflu-
ents; digital traceability — into BIM and electronic recording of in-
spection operations. Consequently, “green” technology is viewed
as an element of OTS, and its rationality is determined by a combi-
nation of technical effectiveness, work organization methods, site
conditions, resources, timelines, risks, and the ability to document
the results (Table 2) [12].

THE RELATIONSHIP BETWEEN METHODS
AND ORGANIZATIONAL AND TECHNOLOGICAL
CHALLENGES

The selection of optimal organizational and technological solu-
tions during the pre-investment stage is based on the systematic ap-
plication of interrelated methods of analysis and evaluation. The first
stage involves defining the set of initial project characteristics, including
facility parameters, geographical conditions, resource constraints,

timeline requirements, and the nature of interactions among project
participants. Next, a set of possible organizational and technological
solutions is formed, which are considered as alternatives that meet
the specified conditions for project implementation.

The next stage involves identifying factors capable of having
a significant impact on the organization and technology of work ex-
ecution. These factors are grouped according to the nature of their
impact and linked to specific organizational and technological
tasks. In this process, natural and man-made risks are not consid-
ered in isolation but rather through their potential impact on time-
lines, site accessibility, technological sequence, resource provi-
sion, and logistics.

The identified factors are transformed into a system of con-
straints and criteria for evaluating alternatives. This transformation
allows for a shift from a qualitative description of project conditions
to comparable indicators characterizing economic efficiency, tech-
nical feasibility, resource availability, timelines, environmental pa-
rameters, and risk levels. For options that involve the application
of sustainable and “green” construction principles, additional consi-
deration is given to indicators of energy efficiency, resource con-
servation, waste management, and environmental safety.

In the final stage, a comparative evaluation of the identified alter-
natives is performed. To do this, normalized values of the criteria and
their weighting coefficients are used, after which an integrated assess-
ment of each alternative is determined. The resulting outcome allows
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for identifying the preferred alternative and determining the factors that
had the greatest influence on its position in the final ranking.

Thus, the relationship between the methods and organizational
and technological tasks is expressed by the sequence “initial con-
ditions — factors — constraints — criteria — evaluation of alterna-
tives — solution selection”. This sequence ensures a transition from
the analysis of the initial situation to a well-founded organizational
and technological solution without mixing up the various stages of
decision-making [13].

PRACTICAL APPLICATION OF METHODS
FOR SELECTING ORGANIZATIONAL AND
TECHNOLOGICAL SOLUTIONS

The practical application of the methods discussed begins after
a set of alternatives has been identified and the criteria for compar-
ing them have been established. For each alternative, compliance
with the project’s initial constraints, requirements for construction
technology, resource allocation, and the timing and conditions for
the construction site is assessed.

At this stage, the alternatives are compared based on the es-
tablished set of indicators. First and foremost, solutions that do not
comply with mandatory regulatory, territorial, or technological re-
quirements are eliminated. The remaining options are compared
based on economic, organizational-technological, resource, envi-
ronmental, and risk characteristics. This allows for distinguishing
between acceptable solutions and the preferred solution, which
provides the most rational combination of the established parame-
ters.

Verifying the stability of the result is of particular importance.
Changing the weighting coefficients or individual input parameters
can alter the position of alternatives in the final ranking. Therefore,
a sensitivity analysis is conducted for the selected solution to deter-
mine the extent to which the result depends on the most significant
factors. If a small change in the input data leads to a significant change
in the final selection, the relevant parameters require further refine-
ment.

After the preferred option is determined, the evaluation results
are documented as part of the initial requirements for subsequent
project phases. It is advisable to include in these requirements
the organizational and technological decisions made, key constraints,
criterion values, significant risks, and measures to mitigate them.
For decisions related to sustainable construction, indicators of re-
source and energy efficiency, waste management, and methods for
verifying the achieved results are also documented.

Thus, the application of these methods at the pre-investment
stage ensures not only the selection of the preferred organizational
and technological solution but also the verification of its feasibility,
resilience to changes in initial conditions, and readiness for transfer
to subsequent stages of the investment and construction project
[14, 15].

The study showed that the selection of organizational and tech-
nological solutions at the pre-investment stage should be carried
out as a multifactorial procedure in which the project’s characteris-
tics, risks, constraints, performance criteria, and management alter-
natives are considered within a unified framework, and the proposed
spatial-factor representation ensures the structuring of the factor
space.

This approach allows for a systematic consideration of the di-
verse factors affecting project implementation and helps avoid frag-
mented decision-making, which often leads to increased costs and
missed deadlines. The spatial-factor representation makes it

possible to visualize and rank key parameters, identifying dominant
factors and areas of heightened risk, which is particularly important
when working with complex and large-scale projects.

A promising direction for the method’s development is its adap-
tation to the specific characteristics of individual types of construc-
tion projects (e.g., transportation infrastructure, industrial, or resi-
dential construction), as well as the expansion of the set of criteria to
include environmental, social, and operational factors. Further re-
search could focus on developing standard factor space models for
different classes of projects and on calibrating objective functions
based on industry statistics and data from completed projects.
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Bbi6op paunoHanbHbIX
OpraHu3aLMOHHO-TEXHONIOrMYECKUX
pelleHnin Ha npeabIHBECTULMOHHOMW CTagun
MHBECTULMOHHO-CTPOUTESIbHOIO NPOoeKTa

C y4eTOM MPUPOAHbBIX U TEXHOrE€HHbIX
PUCKOB U NPUHLMMNOB YCTOUNYUBOrO
cTpouTenbcTBa

B cTatbe paccmaTpvBaeTcs 3afgaya Bbi6opa paumoHanbHbIX Op-
raHN3aLMOHHO-TEXHONIOTMYECKNX PELLUEHNI Ha MPeAbIHBECTULM-
OHHOW CTaMWN MHBECTULMOHHO-CTPOUTENBHOIO NPOEKTA B YCIO-
BUSIX NMPUPOOHBLIX Y TEXHOTEHHbLIX PUCKOB C Y4ETOM MPUHLIMMOB
ycTon4mBoro ctpoutensctea. Oco60e BHUMaHWE yOEeNeHO BKIO-
YEHWUIO «3eJIeHbIX» TEXHONOINN B COCTaB OpPraHn3aLMOoHHO-TEX-
HOMOrMYECKMX peLLUEeHni, obecneymBamLmMx paunoHanbHoe
MCMonb30BaHe MaTepuarnbHbIX, SHEPreTUHECKUX U BOLOHbIX pe-
CYpCOB, CHUXEHNE 06beMa OTXOA0B M HEraTMBHOrO BO3OENCT-
BUSA Ha OKpY>KaroLLyto cpefy. lNoka3aHa Heo6Xx0AnMOCTb B3anM-
HOro y4yeTa xapakTepuCcTUK TEPPUTOPUN, OrPaHUYEHUI NPoeKTa,
PUCKOB, OpraHN3aLMOHHO-TEXHONIOrMYECKNX (DAKTOPOB U Tpebo-
BaHWUI YyCTONYMBOrO CTPOUTENbCTBA. [peanoxeH MeToanyeckuni
noaxon, OCHOBAHHbIN Ha hOpMMPOBaHMM NPOCTPAHCTBA anbTep-
HaTuB, Npeobpa3oBaHnM hakTOPOB B CUCTEMY KPUTEPUEB U MO-
crefyoLen cpaBHUTENbHOM OLIEHKE BapuaHToB. OnpeneneHsl
HanpaBneHNs [OKYMEHTaNbHOro NOATBEPXAEHNS [OCTUMHY ThIX
Pe3ynbTaTtoB U B3aUMOCBA3b MPUHATLIX peLueHvu7| C nocnepyto-
LLie opraHv3aumert CTpoMTeNIbHOro NpoM3BoacTBa. ATo obecne-
YMBAET NPAKTUYECKYIO CBSA3b C YCIIOBMSAMU peanunsaummn npoek-
Ta 1 ero NnocnegyLMmn opraHn3aumoHHO-TEXHONOTNYECKUMU
3agjadvamu.

Knto4yeBble cnoBa: WHBECTULNOHHO-CTPOUTESbHbIN MPOEKT,
peAbIHBECTUMOHHAS CTaausl, OpraHN3aUnoHHO-TEXHOIOrnYe-
CKMe PeLLeHWsi, yripasieHne MpoeKToM, MPUPOAHbLIE PUCKM, TEX-
HOIEHHbIE PUCKU, YCTOVYMBOE CTPOUTEIbCTBO, 3€/1eHbIE TEXHO-
Ji0rum, pecypcocéepexeHne, paLumoHabHbIi BbI6OP
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Soil improvement and foundation strengthening
methods: A review of current technologies and
prospects for their application in the Arctic
Zone of the Russian Federation

The paper provides an overview of modern methods for soil consolidation and foundation reinforcement, as well
as an assessment of their potential application in the Arctic zone of the Russian Federation, where the issue of
insufficient housing construction is particularly relevant due to the significant amount of dilapidated and emer-
gency housing. The relevance of this work is driven by the need to restore the operational suitability of the foun-
dations and bases of multi-storey buildings during reconstruction, given the widespread presence of perma-
frost soils. The work systematizes a set of regulatory documents (SP 22.13330, SP 24.13330, SP 45.13330, SP
496.1325800, etc.) that regulate the design, production, and control of soil consolidation and foundation rein-
forcement. It is noted that the current edition of SP 25.13330 does not contain requirements for the consolidation
of permafrost soils, which indicates a gap in the regulatory framework. The article discusses physical, mechan-
ical, and chemical methods of soil consolidation, including thermal consolidation, artificial freezing and thawing,
water drainage, compaction, as well as silicification, resinization, cementation, jet cementation, and bituminiza-
tion. Separately, the methods of strengthening the foundations are analyzed: restoration of the bearing capaci-
ty of the foundations, increasing the bearing capacity of the foundation, and unloading the foundation structures.
It has been revealed that the most detailed studies have been conducted on electro-thawing, hydro-thawing, and
steam-thawing, freezing using thermostabilizing systems, and the installation of remote bored piles. At the same
time, electrochemical thawing, injection and jet cementation, as well as drilling-injection and drilling-cast piles,
which provide a wide range of applications, technological flexibility, and economic efficiency, are recognized
as promising for the Arctic zone. One of the key limitations is the need for solutions to harden at negative tem-
peratures. The results of this review can be used in the development of regulatory requirements and the selection
of rational technologies for the reconstruction of buildings and structures in the permafrost zone.

Keywords: soil stabilization, foundation strengthening, permafrost soils, Arctic zone of the Russian Federation,
building reconstruction, regulatory framework, soil cementation, jet grouting, drilled-injection piles, ground ther-
mal stabilization, electrochemical thawing, permafrost region
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The quality of life of the population directly de-
pends on the development and capacity for
the effective functioning of social infrastructure
and the housing stock. In the Arctic zone of the Rus-
sian Federation, the problem of insufficient housing
construction is particularly acute due to the signifi-
cant volume of dilapidated and unsafe housing.

The issues of soil consolidation and foundation
reinforcement are regulated by the provisions of re-
gulatory technical documentation: SP 22.13330.2016,
SP 24.13330.202, and SP 45.13330.2017 [1-3].

The requirements for designing foundations
during the reconstruction of buildings and struc-
tures, as well as the criteria for assessing the impact
on neighboring buildings, are set out in section 5.8
of SP 22.13330 [1]. Section 5.9 of SP 22.13330 con-
tains provisions for reducing foundation deforma-
tions and their impact on buildings and structures.
When designing, measures to reduce foundation
deformations should be taken into account:

e measures to protect foundation soils from de-

terioration of their properties;

e measures aimed at transforming the construc-

tion properties of soils;

e design measures that reduce the sensitivity

of structures to foundation deformations;

e leveling of structures or their individual parts

using both permanent and temporary special
equipment;

e construction of foundations with effective

shapes and designs.

The design issues for pile foundations in the re-
construction of buildings and structures are speci-
fied in section 7.6 of SP 24.13330 [2], which contains
requirements for selecting driven, pressed, drilled-
injection, and other types of piles for conditions char-
acterized by a significant increase in the load on
the foundation and the presence of weak soils within
its thickness.

SP 4513330 [3] regulates the procedure for
the performance and acceptance of: earthworks,
the construction of bases and foundations during
the construction of new buildings, and the recon-
struction of buildings and structures. Separate re-
quirements for soil stabilization, soil compaction,
reinforcement, and artificial soil freezing are set out
in sections 16-19.

In the current version of SP 25.13330.2020 [4],
there are no requirements for stabilizing permafrost
soils and reinforcing foundations. SP 496.1325800.2020
[5] contains requirements for the performance of
earthworks and the construction of foundations and
bases for buildings and structures in areas with per-
mafrost soils, including: measures to adapt building
and structure designs to prevent deformations dur-
ing the thawing of the foundation, as well as guide-
lines for the use of seasonally operating cooling
devices and soil thermal stabilization systems.
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Methods of Soil Stabilization ]7

Physical

=
(l

[ Thermal stabilization

Freezing

Dewatering

Compaction

[ Lowering the groundwater level

Ll_/

Mechanical Chemical

Compaction Silicatization
(o)
—[Vibratory compaction]
—[ Ramming ]

Jet grouting
—[Dynamic compaction ]

—[ Blasting ] [ Bitumen stabilization ]—

—[ Geosynthetic materials ]

Fig. 1. Methods of soil stabilization

In 1974, the Recommendations for the Design and Construction
of Foundations and Basements with Pre-Construction Thawing of
Permafrost Soils [6] were developed, including methods of electri-
cal, hydraulic, and steam thawing. The Recommendations set out
methods for calculating the thawing of permafrost soils and the set-
tlement of thawing soils in the foundation, methods and selection of
thawing work technologies, recommendations for foundation de-
sign, as well as monitoring their implementation during construction
and operation. In 1977, the Manual on the Technology of Physico-
Chemical Strengthening of Freezing and Thawing Soils [7] was de-
veloped; it outlines methods and technologies for pre-construction
improvement of the engineering properties of soils (including thaw-
ing using electricity and chemical reagents, compaction, and sta-
bilization against frost heave).

In 1984, the Recommendations on the Design and Application
of Cooling Systems Without Energy Costs [8] were developed; they
cover the designs of vapor-liquid cooling systems, the technical
characteristics of heat carriers, and the specifics of installation,
testing, operation, and refilling. All the documents listed are used as
reference materials insofar as they do not contradict the current
regulatory documents.

In construction, physical, mechanical, and chemical methods
are used to improve the physical and mechanical properties of soils
(Fig. 1) [9].

To improve the physical properties of soils, a combination of
physical, mechanical, and chemical methods of soil stabilization is
used. Physical methods include thermal stabilization, artificial freez-
ing, thawing, soaking, and lowering the groundwater level. Thermal
stabilization is based on the transformation of structural bonds un-
der the influence of high temperatures and is carried out either by
injecting air heated to a temperature of 600-800 °C into the soil
under pressure, or by burning fuel in hermetically sealed wells. This
method is used for loess-like and non-water-saturated silty-clay
soils. Artificial freezing is the transformation of structural bonds

in the soil under the influence of sub-zero temperatures and is car-
ried out using seasonally active cooling devices, refrigeration units,
thermosyphons, and soil thermal stabilization systems [10]. Soil
freezing is used to prevent the ingress of groundwater into excava-
tions, as well as during construction on permafrost soils according
to principle . Artificial thawing involves the transition of frozen soil
to a thawed state using electric thawing, hydraulic thawing, and
steam thawing [9], as well as artificial salinization. Thawing is used
for pre-construction thawing of permafrost soils when they are
used for construction according to principle Il. Artificial soil soaking
is the destruction of the soil structure, followed by subsidence and
compaction under the influence of its own weight; it is carried out
from the surface of the pit bottom, and if necessary, the soaking
process is accelerated through drainage wells. It has limited appli-
cation, primarily for loess foundations. Lowering the groundwater
level is a method of improving the physical properties of soil, based
on eliminating the weighing effect of water and improving the spe-
cific gravity of the soil. It is carried out using light and ejector well
points, vacuuming, and electroosmosis. It is used in the develop-
ment of excavations, the construction of underground structures,
and for protecting areas from flooding.

Mechanical soil compaction is the improvement of the physical
properties of soil without changing its chemical composition or
phase state. It is carried out by applying a load, tamping, vibrating,
using explosives, or by combining these methods. Surface compac-
tion is performed using rammers, rollers, vibrators, and load-
compaction machines. This method is applicable to gravelly, sandy,
clayey, organomineral, loamy, subsidence, swelling, and highly com-
pressible soils [11]. Pile construction is a method of securing and
compacting soils by installing piles and forcibly displacing the sail.
Bored piles, driven piles, vibratory-rammed piles, and soil piles are
used for consolidation. Pile construction for consolidation is applied
in all types of soil except for rocky, coarse-grained, waterlogged,
and structurally unstable soils. Among the chemical methods of soil
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Methods of Foundation Strengthening

Fig. 2. Methods of strengthening foundations

consolidation, the following are distinguished: silicatization, resiniza-
tion, grouting, jet grouting, and bitumenization. Silicatization involves
injecting a sodium silicate solution (liquid glass) into drilled wells,
which forms a gel that seals the soil pores; as a result, the soil be-
comes waterproof and acquires high mechanical strength. Depend-
ing on the physical and mechanical properties of the soil, single-
solution, double-solution, or gas silicatization of soils (using CO,) is
applied [12, 13]. This method is effective for subsidence loess and
sandy soils with a filtration coefficient ranging from 0.2 to 80 m/day.
Soil resinization involves injecting an aqueous solution of urea resin
(for example, oxalic acid) into the soil through injectors [14]; it in-
creases the mechanical strength of the soil and is used for sandy
and loess soils with a filtration coefficient of up to 5 m/day. Soil ce-
mentation is based on injecting and impregnating the soil pores with
a solution, which, after hardening, forms a soil cement with improved
strength and deformation characteristics. The injection can be car-
ried out either under low pressure or under high pressure, with
the formation of flat wedges along which the solution spreads into
the massif [15, 16]. This method is used to fill large voids, fractured
rocky, coarse-grained and gravelly sandy soils. Jet-grouting is ba-
sed on the destruction of soil by a high-pressure jet of cement mor-
tar with simultaneous mixing and the formation of a high-strength
waterproof element after hardening [17]. There are three types of
technology: single-component (Jet-1), two-component (Jet-2) and
three-component (Jet-3). This method is applicable across almost
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the entire range of soil granulometric composition, from coarse-grai-
ned to fine-grained clay soils and silts [18]. Bitumenization, which
involves injecting hot or cold (in the form of an emulsion) bitumen,
ensures the filling of pores and cracks. Hot bitumenization is effec-
tive for large cracks, while cold bitumenization is effective for small
ones (less than 1 mm). This method is used for both rock formations
and sandy soils.

When reinforcing foundations, technical solutions are used to
restore and increase the load-bearing capacity of the foundations,
as well as measures to unload the foundation structures (Fig. 2).

Restoration of the geometric dimensions and strength of foun-
dation materials is achieved through methods such as cement
grouting, resinization, and other injection technologies. To protect
foundations from soaking, clay dams and waterproofing are pro-
vided, and to protect against weathering, plastering, shotcrete, and
other protective methods are used.

The need to restore the load-bearing capacity of foundations
arises when there are defects and damage to the foundation struc-
tures, which may have been caused by manufacturing errors, im-
proper operation, operational wear and tear, material degradation,
or a decrease in its watertightness [19].

The load-bearing capacity of foundations can be increased
without changing the design scheme by widening the base of
the foundations, installing casings around the foundations (metal,
reinforced concrete, etc.), constructing concrete jackets and
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extensions, reinforcing individual foundation structures, and replac-
ing the foundations.

The load-bearing capacity of foundations can be increased by
changing the design scheme — by transferring part of the load from
above-foundation structures to the base, by reworking the founda-
tions, or by strengthening the foundations through the installation of
ties (anchors, posts, cables, etc.).

The load-bearing capacity of foundations, with changes in
the stress state, can be increased by installing pre-stressed cas-
ings (metal or reinforced concrete), installing pre-stressed struts
and tie-back systems, or installing sheet piling or a caisson around
the foundations.

An increase in the load-bearing capacity of foundations is re-
quired when the operating conditions change (e.g., a change in
the building’s functional purpose, an increase in loads) or when
there are defects and damage to the foundation structures.

The unloading of foundation structures is carried out by trans-
ferring the load from the above-foundation structures to piles (main-
ly bored-injected piles) or through structural measures in weakened
areas. This method is used when the stability of the foundations is
compromised during operation due to waterlogging, freeze-thaw
cycles, swelling, subsidence, karst-suffosion processes, and other
adverse effects.

Based on the analysis of the literature, the most extensively
studied technologies used in the reconstruction of buildings and
structures include electrical thawing, hydraulic thawing, and steam
thawing; soil freezing using ground thermal stabilization systems;
and the installation of offset piles in predrilled boreholes. Each of
these methods has its own advantages, limitations, and specific
areas of application.

Among the methods studied for regulating the thermal regime
of soils are the installation of ventilated pipes and thermal shields in
ventilated crawl spaces, which make it possible to reduce the aver-
age annual air temperature and increase the air flow speed, thereby
affecting the intensity of heat exchange with the soil mass.

Promising technologies that require further study include silici-
fication, electrochemical thawing, injection and jet grouting, as well
as the use of drilled-injection and drilled-cast piles for strengthen-
ing foundations.

Chemical consolidation of soils can be a more technically and
economically viable solution for the reconstruction of buildings and
structures whose foundation bases undergo additional uneven de-
formations during the thawing process, as opposed to the use of
soil thermal stabilization systems aimed at preserving the frozen
state of the soil (principle 1). Using the electrochemical method,
greater thawing efficiency is achieved compared to other methods.

Injection and jet grouting of permafrost and thawing soils can
be used to consolidate the entire range of soil granulometric com-
position — from coarse-grained to fine-grained clayey types and
silts, as well as fractured rock soils. Combined with the relatively
low cost of the work and materials, these advantages make these
technologies a promising area for further research.

The introduction of bored-injection and bored piles into the prac-
tice of reconstructing foundations and bases on permafrost soils
offers a number of significant advantages: reduced costs for strength-
ening the foundation, flexibility in pile designs, the possibility of in-
stalling extensions, and the ability to work in confined spaces with
a ventilated underground space.

A significant limitation of using grouting and drilled piles in
some cases may be the need to ensure the hardening of cementi-
tious materials at sub-zero temperatures typical of permafrost soils.

The review and analysis of current scientific, technical, regula-
tory, and methodological literature in the field of soil stabilization
and foundation reinforcement made it possible to identify the ad-
vantages, disadvantages, and areas of application of existing tech-
nologies in relation to the conditions of permafrost soils.

A gap has been identified in the current regulatory framework
of the Russian Federation, which consists in the absence of regu-
lated requirements for stabilizing permafrost soils and strengthen-
ing the foundations of buildings and structures during reconstruc-
tion.

A list of promising technologies recommended for restoring the
operational suitability of the bases and foundations of multi-apart-
ment buildings in settlements within the Arctic zone of the Russian
Federation has been identified. These technologies include: elec-
trochemical thawing and soil consolidation, injection and jet grout-
ing, as well as the use of drilled injection and drilled cast piles for
strengthening the foundations of buildings and structures.
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MeTopabl 3aKpensieHUst TPYHTOB U YCUJIEHUSA
dyHAaMeHTOB: 0630p TEXHOOrUM

M NepcneKTUBbl MPUMEHEHUS

B ApKTU4Yeckon 30He PP

Cratbsl nocesiLLeHa 0630py COBPEMEHHbIX CNOCOB0B 3akpense-
HUS TPYHTOB M YCUNIEHUS (PYHOAMEHTOB, @ TakXe OLEHKe nep-
CMNEKTUB UX NMpUMeHeHns B ApKTuyeckor 3oHe Poccuinckon de-
Jepauumu, roe npo6nema He[oCTaTo4HOCTU 06BbEeMa XUINULLHOIO
CTPOUTENBCTBA OCOBEHHO aKTyasnbHa B YCIIOBUSIX 3HAYUTENBHO-
ro o6bemMa BETXOro 1 aBapuUNHOro Xuibsi. AKTyanbHOCTb paboThbl
06YyCrnoBfeHa Heo6Xxo0AMMOCTbIO BOCCTAHOBIEHMA JKCnyaTaum-
OHHOW MPUrOJHOCTU OCHOBaHWA U PYHAAMEHTOB MHOrOKBap-
TUPHBIX JOMOB B YCMOBUAX PEKOHCTPYKLIMU NMPY NMOBCEMECTHOM
pacnpocTpaHeHn MHOroNIeTHEMEP3IbIX FPYyHTOB. B pa6oTe cu-
CTeMaTM3NpoOBaH KOMMIEKC HOPMATUBHbIX fOKyMeHToB (CIl
22.13330, CI 24.13330, CI145.13330, CI1 496.1325800 v ap.),
pernaMeHTUpYLLMX NPOEKTUPOBAHWE, MPON3BOACTBO paboT
M KOHTPOJSb NPV 3aKPENSIEHUN FPYHTOB 1 YCUNEeHUn PyHAaMeH-
ToB. OTMEeYeHo, 4TO B genctsytoLlen pegakuum CIl 25.13330
OTCYTCTBYIOT TPE6OBaHNSA K 3aKPEMIIEHNIO MHOIOSIETHEMEP3SIbIX
rPYHTOB, YTO yKa3blBaeT Ha Npo6en B HopmatueHon 6ase. Pac-
CMOTPEHbI Q)VISVI‘-IeCKVIe, MexaHn4yeckmne n XxmmMmm4eckme crnoco-
6bl 3aKpEMEHNS FPYHTOB, BKITIOYas TEPMUYECKOE 3aKpenseHune,
VCKYCCTBEHHOE 3amMopaxuBaHue u oTTamBaHue, BOOOMOHMXKE-
HWe, YNNOTHEHWNE, @ TakXe CUInKaTm3aumio, cCMonusaumio, Le-
MEHTaLmIo, CTPYMHYIO LieMeHTaumio u 6utymmusauuto. OTaensHo
npoaHanna3mpoBaHbl CrNocobbl ycuneHus yHOaMeHTOB: BOC-
CTaHOBJIEHNE HECYLLEN CMOCOBHOCTN PyHOAAMEHTOB, yBENMYe-
HUEe HecyLeln CnoCoOHOCTU hyHOAMEHTa U pasrpy>KeHNe KOH-
CTPYKUUI yHOAMEHTOB. BbISiBNEHO, 4TO Hanbonee getanbHO
npopaboTaHbl ANEKTPOOTTanBaHue, rmagpooTTamBaHve 1 napo-
oTTavMBaHve, 3amMopaxuBaHWe C UCNoNb30BaHWeM TepMocTa-
6GUNN3NPYIOLLNX CUCTEM M YCTAHOBKA BBIHOCHbLIX 6YpPOOMYyCK-
HbIX cBau. [Mpy 3TOM nepcnekTUBHbIMWU A APKTUHECKOW 30HbI
NPU3HaHbl 3N1EKTPOXMMUYECKOE OTTaMBaHMe, NUHbEKLMOHHAsA
1 CTPyMHas LemeHTaums, a Takxe 6yponHbeKLMOHHbIE 1 Bypo-
HabuBHbIE CBaW, KOTOpble 06ecneyvnBatoT LUMPOKUA Aranas3oH
NPUMEHEHNS, TEXHONOMMYECKY FTMOKOCTb U 9KOHOMUYECKYIO
appeKkTnBHOCTL. K 4yncny Kno4YeBbIX OrpaHUYeHnn oTHece-
Ha HEOOXOAUMOCTb TBEPAEHMS pacTBOPOB MpW OTpULATENbHbIX
TemnepaTtypax. Pe3ynsratbl 0630pa MoryT 6bITb MCMONb30BaHbI
npu paspaboTke HOpMaTUBHbLIX TPeboBaHUI U BbIGOPE paLmo-
HanbHbIX TEXHONOIUN AN PEKOHCTPYKLUN 3AaHUN U COOpYXe-
HWUI B YCMNOBUSAX KPUOJIUTO3OHbI.

KnrodeBble croBa: 3aKpenieHne rpyHToB, ycuneHne gyHaa-
MEHTOB, MHOIO/IETHEMEP3JIblE FPYHTbI, APKTUYeckas 3oHa P®,
PEKOHCTPYKLMS 3AaHn, HopMaTuBHas 6asa, LeMeHTaLuus rpyH-
TOB, CTPYViHas LemeHTauus, 6ypoOMHbEKLNOHHbIE CBau, TEPMO-
CTa6I/U'IM33L{Mﬂ FPYHTOB, 3JIeKTPOXMHNYecKoe oTTanBaHue, Kpuo-
JIMTO30Ha
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Identifying discrepancies between the actual
use of land plots and urban planning regulations

The paper examines the issue of identifying and qualifying discrepancies between the actual use of land plots,
information contained in the Unified State Register of Real Estate, and the requirements of urban planning reg-
ulations. The relevance of the study is determined by the fact that inconsistency between these informational
and legal blocks may lead to errors in cadastral works, the preparation of urban planning documentation, the im-
plementation of state and municipal land control, as well as in decisions made by owners regarding the use of
real estate. The issue acquired additional significance after amendments to land legislation entered into force
on March 1, 2026, introducing a separate chapter on the types of permitted use of land plots into the Land Code
of the Russian Federation. The paper systematizes the regulatory and spatial sources of information used to ver-
ify a land plot: data from the Unified State Register of Real Estate, land use and development rules, the classifi-
er of types of permitted use, information from the National Spatial Data System, remote sensing materials, and
the results of field surveys. A step-by-step algorithm for establishing discrepancies is proposed, including object
identification, determination of the territorial zone, recording of the actual use of the plot, comparison of legal and
actual regimes, analysis of the temporal factor, and classification of the identified discrepancy. It is shown that
the mere existence of a discrepancy does not always indicate an offense: it is necessary to consider the moment
when rights arose, the previously established type of permitted use, the legal regime of capital construction facil-
ities, and the specifics of transitional regulation. The article develops a typology of discrepancies and proposes
a form of analytical table suitable for practical use by land management and cadastral specialists. It is conclud-
ed that legal and geoinformation methods must be used comprehensively, since a reliable assessment is possi-
ble only through simultaneous verification of registry, urban planning, and factual data.

Keywords: land plot, actual use, urban planning regulation, type of permitted use, Unified State Register of Real

Estate, land use and development rules, cadastral works, spatial data, land control

land plot is simultaneously a real estate ob-
Aject, a spatial unit of territory, and an object of

legal regulation. Therefore, its use is as-
sessed not only according to its actual condition, but
also according to a set of legally significant charac-
teristics. In accordance with the Land Code of
the Russian Federation, right holders are obliged to
use land plots taking into account the established le-
gal regime, while modern regulation of types of per-
mitted use is concentrated in Chapter I1.1 of the Land
Code of the Russian Federation [1]. For settlement
lands, urban planning zoning is of substantial impor-
tance: land use and development rules include
an urban planning zoning map and urban planning
regulations that determine the permissible parame-
ters for the use of territory [2].

The problem arises in cases where the legally
established characteristic of a plot and its real eco-
nomic function diverge. For example, the Unified
State Register of Real Estate may indicate a type of
permitted use related to individual housing con-
struction, whereas the plot is actually used for vehi-
cle servicing, storage of materials, or trade. A more
complex situation is also possible: the actual use is
allowed by the urban planning regulation of the ter-
ritorial zone, but the corresponding main type of
permitted use has not been selected and is not re-
flected in the Unified State Register of Real Estate.
Finally, there are cases where the current urban
planning regulation does not coincide with use that
lawfully arose before its approval. These situations
require different legal assessments.

From March 1, 2026, the approach to types of
permitted use was significantly clarified by Federal

Law No. 295-FZ of July 31, 2025. The law intro-
duced systematic regulation into the Land Code of
the Russian Federation concerning the establish-
ment, modification, selection, and use of types of
permitted use of land plots [3]. As a result, when
examining a plot, it is especially important to distin-
guish between the permissible uses provided for by
the territorial zone and the selected use, information
about which has been entered into the Unified State
Register of Real Estate.

The purpose of this study is to develop a con-
sistent methodology for establishing discrepancies
between the actual use of land plots and urban plan-
ning regulations. To achieve this purpose, the follow-
ing tasks are addressed: regulatory and informa-
tional sources are identified; criteria for comparing
information are formed; typical types of discrepan-
cies are systematized; the significance of spatial
methods is established; and an algorithm for docu-
menting the result is proposed. The object of the study
is land plots to which urban planning regulations
apply, while the subject is the set of legal and spa-
tial features that make it possible to assess the com-
pliance of actual use with the established regime.

The key source of legally significant information
about a real estate object is the Unified State Regis-
ter of Real Estate. Federal Law No. 218-FZ of July
13, 2015 provides for the inclusion in the real estate
cadastre of characteristics of a land plot, including
information about its category and type or types of
permitted use [4]. Consequently, an extract from
the Unified State Register of Real Estate serves as
the starting point for verification; however, by itself it
does not provide a complete answer regarding
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the permissibility of actual activity, since it must be
considered together with urban planning zoning
documents.

To unify terminology, the classifier of types of per-
mitted use of land plots, approved by Order of Ros-
reestr No. P/0412 of November 10, 2020, is used.
In its current version, the classifier contains names
of uses, their descriptions, and numerical codes.
At the same time, types of permitted use established
before legislative amendments cannot be mechani-
cally recognized as invalid solely because their
wording does not coincide with the classifier [5].
Therefore, a specialist must examine not only the lit-
eral name of the type of permitted use, but also
the date of its establishment, the content of title doc-
uments, and transitional provisions of legislation.

The spatial component of the study is based on
legislation on geodesy, cartography, and spatial
data. Federal Law No. 431-FZ of December 30,
2015 defines the foundations for the creation, provi-
sion, and use of spatial data and cartographic infor-
mation [6]. For the purposes of establishing dis-
crepancies, this is important because the legal
assessment of actual use is almost always connect-
ed with a spatial question: where exactly the activity
is located, whether its contour coincides with the plot
boundaries, in which territorial zone the object is
located, and whether there are intersections with
other zones and territories.

The State Program of the Russian Federation
“National Spatial Data System” is aimed at develop-
ing a unified digital infrastructure of spatial informa-
tion, increasing the completeness and quality of
real estate data, and ensuring interaction between
state information resources [7]. In practical work,
the use of such digital sources reduces the time re-
quired for preliminary analysis and makes it possi-
ble to compare data from different registers and
cartographic layers in a single coordinate system.

The procedure for information interaction with
the federal state geographic information system
that ensures the functioning of the National Spatial
Data System is specified by Order of Rosreestr
No. P/0031/24 of February 20, 2024 [8]. The exist-
ence of regulated spatial data exchange forms
the basis for further automation of checks of compli-
ance between actual and permitted use.

The control component is regulated by the Reg-
ulation on Federal State Land Control, approved by
Resolution of the Government of the Russian Fed-
eration No. 1081 of June 30, 2021. This document
defines the organization of land supervision and
a risk-oriented approach to control activities [9].
At the same time, establishing the actual use of
a plot has direct evidentiary significance, since it is

precisely the actual conduct of the right holder that
is compared with mandatory requirements.

The legal consequence of using a land plot not
in accordance with its designated purpose or not in
accordance with its permitted use may be admi-
nistrative liability under Article 8.8 of the Code of
Administrative Offenses of the Russian Federation
[10]. Therefore, the methodology for identifying dis-
crepancies must exclude a simplified approach in
which any visually established difference is auto-
matically recognized as a violation. A substantiated
conclusion requires verification of title and registry
information, urban planning regulations, the nature
of actual activity, and the circumstances of its emer-
gence.

Non-use of a plot should be distinguished from
use not in accordance with the established regime.
Resolution of the Government of the Russian Fed-
eration No. 826 of May 31, 2025 established signs of
non-use of land plots within settlement lands, as well
as garden and vegetable garden land plots [11]. This
distinction is methodologically important: the absence
of required development and the performance of
another activity not provided for by the regime are
different legal situations and must be recorded sep-
arately (Table 1).

Within the framework of this study, a discrep-
ancy is understood as a discrepancy established as
a result of comparison between the actual use of
a land plot and one or more elements of its legal or
urban planning regime. This definition is broader
than the concept of an offense. A discrepancy is
a diagnostic result of analysis, after which legal
qualification is required. This makes it possible to
separate technical or informational inconsistency
from unlawful use.

Methodologically, it is advisable to consider three
interconnected blocks: information from the Unified
State Register of Real Estate; requirements of the ur-
ban planning regulation; and actual use. If all three
blocks are consistent, the plot is used in a regime
that is reflected in the register and permitted by
the territorial zone. If two or three blocks diverge, it
becomes necessary to determine the nature of
the inconsistency. This model is shown in Fig. 1.

The legal position of the Constitutional Court of
the Russian Federation on the need to consider
the balance between public requirements for land
use and the rights of the owner is of particular impor-
tance. Resolution No. 35-P of November 14, 2019
emphasizes the public nature of requirements to
comply with the designated purpose and legal re-
gime of land plots [12]. For a cadastral specialist,
this means that assessment is not reduced to a formal
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Table 1. Main Sources of Information Used to Establish Discrepancies

Source Information Checked

Practical Function

Limitation

Permitted land use, category, boundaries,

Unified State Register of Real Estate )
real estate objects

Recording the registered regime

The information does not describe actual
activity

Territorial zone, urban-planning regula-

Land Use and Development Rules )
tions

Determination of the permitted
regime

An up-to-date version of the document
is required

Name, description, and code of permitted

Classifier of Permitted Land Uses
land use

Substantive identification of the type
of use

Previously established permitted land uses
must not be ignored

National Spatial Data System and

other GIS Spatial layers and cartographic base

Integration of registry and urban-
planning data

The quality of the conclusion depends
on how up to date the layer is

Orthophotos/satellite images External indicators of use

Preliminary identification of the actual
use

Does not always allow the purpose

of the activity to be determined

Field survey

Objects, activity, condition of the land plot | Confirmation of actual use

Records the condition as of a specific date

USRRE Data
permitted use,
boudaries, objects

Consistency
Check Zone

Actual Land Use
survey, images, activity

Urban Planning
Regulation
territorial zone,
permitted uses

Fig. 1. Three-component model for checking the consistency of land plot use

comparison of names: actual activity must be considered in the con-
text of the legal regime of the specific object.

Resolution of the Constitutional Court of the Russian Federation
No. 42-P of October 16, 2020 considered the issue of selecting and
implementing types of permitted use and applying liability under
Article 8.8 of the Code of Administrative Offenses of the Russian
Federation [13]. Despite subsequent changes in legislation on
types of permitted use, this practice retains methodological signifi-
cance: it demonstrates how important it is to distinguish between
the established regime, actions of the right holder, and the proce-
dure for reflecting relevant information. After the 2026 reform, this
verification must be carried out taking into account the new Chapter
II.1 of the Land Code of the Russian Federation.

In scholarly literature, urban planning zoning is considered
an important source of information support for cadastral works.
D.A. Gura notes the need for high-quality integration of cartographic
and urban planning information when working with settlement
lands [14]. This confirms the appropriateness of using a GIS ap-
proach: a discrepancy often cannot be reliably established solely
from text documents without spatial overlay of boundaries and
zones.

Actual use is the activity actually carried out on a land plot and
the established manner of exploiting the territory. To determine it, it
is necessary to record stable signs rather than isolated actions. For
example, temporary parking of a car on a plot does not indicate
the formation of an independent function of “vehicle storage”,
whereas an equipped site, permanent placement of vehicles, sig-

nage, and relevant economic activity together may indicate a differ-
ent nature of use.

The first level of research is desk analysis. The specialist ana-
lyzes information from the Unified State Register of Real Estate,
publicly available spatial data, current land use and development
rules, and aerial and satellite imagery. At this stage, a hypothesis
regarding actual use is formed and plots requiring detailed verifica-
tion are identified. The advantage of the desk stage lies in the abil-
ity to examine large territories and compare objects according to
uniform criteria.

The second level is a field survey. Its purpose is to confirm or
refute the desk-analysis hypothesis. Existing buildings and struc-
tures, sites, access roads, stored materials, signage, and other ex-
ternal signs of activity are recorded. If necessary, photography is
carried out with reference to observation points. For the correctness
of the result, the survey date must be indicated in the materials,
since actual use may change.

The third level is substantive interpretation. External signs are
translated into a functional description, which is then compared with
the description of the type of permitted use according to the classi-
fier and urban planning regulation. Mixed cases are the most com-
plex, when several functions are implemented simultaneously on
one plot. In such cases, it is necessary to determine which activity
is primary, which is auxiliary, and which is unrelated to the estab-
lished regime.

The spatial localization of activity is checked separately. If
the actual area of use extends beyond cadastral boundaries, the is-
sue is no longer limited to the type of permitted use and
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1. Obtaining USRRE Data

2. Determining the Territorial Zone and Land Use
and Development Regulations

3. Establishing Actual Land Use

4. Comparison: USRRE — Regulations — Actual Use

N N N YN Y

5. Spatial and Legal Verification

[ 6. Classification of Inconsistency and Conclusion

U2 U S 2 A

Fig. 2. Algorithm for establishing discrepancies between actual use and urban planning regulation

may include signs of occupation of adjacent territory. Similarly,
the placement of an object within the plot does not guarantee its
compliance with urban planning regulation if part of the plot falls
within another territorial zone or is subject to special restrictions.

The proposed algorithm includes six interconnected stages
(Fig. 2). Its fundamental difference from a simple comparison of
the type of permitted use with the visually observed function lies
in the sequential verification of registry, urban planning, factual, and
temporal aspects.

At the first stage, the object is unambiguously identified by ca-
dastral number and coordinate description of boundaries. Current
information from the Unified State Register of Real Estate is ob-
tained regarding area, land category, type of permitted use, rights,
and real estate objects located on the plot. If the boundaries have
not been established with the required accuracy, this circumstance
is separately noted as a factor limiting spatial analysis.

At the second stage, the territorial zone is determined accord-
ing to the current urban planning zoning map. The main, condition-
ally permitted, and auxiliary types of use, as well as maximum pa-
rameters, are extracted from the urban planning regulation. It is
important to use the version of the land use and development rules
in force on the date of the study, and in a disputed situation, to ad-
ditionally examine previous versions.

At the third stage, the actual use of the plot is established.
The result is formulated neutrally and demonstrably: for example,
“placement and operation of a retail facility”, “open storage of con-
struction materials”, or “operation of an individual residential house
with a household plot”. Such wording is more convenient than pre-
maturely assigning a classifier code.

At the fourth stage, substantive comparison is carried out. It is
checked whether the actual use corresponds to the type of permit-
ted use selected in the Unified State Register of Real Estate; wheth-
er it is permitted by the urban planning regulation; whether condi-
tional permission is required; and whether the activity may be
considered auxiliary. Compliance of capital construction facilities
and the nature of their operation is also analyzed at this stage.

At the fifth stage, spatial and temporal circumstances are ex-
amined. The boundaries of the plot, territorial zones, and actual
contours of use are overlaid. At the same time, it is established
when the relevant use arose and when the land use

and development rules were approved or amended. This stage is
necessary to identify previously established lawful states that can-
not be assessed solely according to the current regulation.

At the sixth stage, the final qualification is formed. The result
must contain not only a “complies/does not comply” mark, but also
the type of discrepancy, the evidentiary basis, the degree of relia-
bility, and the recommended subsequent action: clarification of in-
formation, change of the type of permitted use if there are legal
grounds, additional survey, or transfer of materials to the authorized
body (Table 2).

One of the most common methodological errors is assessing
any plot only according to the current version of the land use and
development rules. Urban planning regulation develops over time:
zone boundaries, lists of types of permitted use, classifier wording,
and the procedure for selecting types of use change. Therefore,
a plot that today appears “non-compliant” with the new structure
of the regulation may have been formed and used lawfully earlier.

To avoid erroneous qualification, it is necessary to construct
a brief chronology: the date when the right to the plot arose;
the date when the type of permitted use was established; the date
of creation and registration of the capital construction facility;
the dates of approval and significant amendments to land use and
development rules; and the date when the actual activity arose. If
the key use arose before the regulatory change, the specialist must
examine transitional norms and documents confirming the lawful-
ness of its emergence.

Temporal analysis is especially important when working with
historically established development. In such territories, the modern
functional model may not coincide with the original purpose of ob-
jects. The task of cadastral research is not a retrospective assess-
ment of urban planning policy, but an accurate determination of
the legal status of the object on a specific date.

The Constitutional Court of the Russian Federation has repeat-
edly addressed issues of proportionality of liability and obligations
of right holders in the field of land use. Resolution No. 50-P of Novem-
ber 6, 2024 considered issues of liability for non-use of plots intended
for construction, gardening, and vegetable gardening, and confirmed
the importance of balancing public and private interests [15]. For
the topic under consideration, this position is important because it
demonstrates the need to establish not only the external result, but
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[ 2 Table 2. Typology of Identified Discrepancies
Type Nature of discrepancy Example Required verification
A Actual use = USRRE; actual use is not permitted | A production facility is actually operating on a land plot | Permitted use type, Land Use and Development
under the Land Use and Development Rules designated for individual housing construction Rules, nature of activity, date of occurrence
Actual retail activity is permitted as the main permitted
Actual use = USRRE; actual use is permitted al retall activity s per l. . n parmi Procedure for selecting/changing the permitted
B under the Land Use and Development Rules use type of the zone, but 2 different permitted use type use type and entering it into the USRRE
P is recorded in the USRRE P 9
C USRRE = current structure of the Land Use and | A previously established permitted use type is absent | Date of establishment of the permitted use type,
Development Rules from the new list for the zone transitional provisions
D Function is permitted, but parameters A permitted facility is located in violation of the maxi- | Urban-planning regulations and characteristics
do not comply mum allowable parameters of the facility
E | Spatial inconsistency The actual site extends beyond the boundaries of Coordinates, orthophoto, geodetic verification
the land plot
. . Different information resources contain inconsistent " -
F | Information inconsistency data Priority of official data, date of relevance

also legally significant circumstances with which the legislator con-
nects the obligation of the right holder.

The use of GIS makes it possible to transform analysis from
a set of disparate documents into a unified spatial model. A basic
project may include a layer of cadastral boundaries, territorial
zones, zones with special conditions for the use of territory, capital
construction facilities, and a raster base of current imagery. For
each land plot, an attribute record is created with the type of per-
mitted use according to the Unified State Register of Real Estate
and the result of interpretation of the actual use.

Formal checks can primarily be automated: determining the ter-
ritorial zone by spatial intersection; identifying plots that intersect
several zones; comparing the code of the type of permitted use
with the list of permissible main uses; searching for objects located
outside cadastral boundaries; and forming a list of plots for visual
control. However, final qualification should not be fully transferred to
an algorithm, since the lawfulness of use depends on the history
of the object, the content of documents, and transitional regulation.

Risk-oriented selection of objects for survey is promising. Plots
may be ranked not by an arbitrary “violation score”, but by the pres-
ence of objective indicators: discrepancy between the registered
type of permitted use and the list of the zone; presence of commer-
cial or production facilities under a residential type of permitted
use; significant changes in development on multi-temporal images;
observed activity extending beyond boundaries; and lack of con-
sistency between several official information layers. This approach

Table 3. Criteria for the Final Assessment of a Land Plot

does not replace proof of violation, but helps to rationally allocate
survey resources.

An important condition for digital verification is documenting
the origin of data. For each layer, it is necessary to record the source,
date of relevance, coordinate system, and scale. Without this infor-
mation, even a visually convincing overlay may be methodologi-
cally weak. For example, a shift of the raster base relative to cadas-
tral boundaries may be mistakenly interpreted as an object extend-
ing beyond the plot (Table 3).

For practical application, it is recommended to present the re-
sults of the study in the form of a register of discrepancies. Each
row corresponds to one land plot and contains the cadastral num-
ber, address or location description, type of permitted use accord-
ing to the Unified State Register of Real Estate, territorial zone, list
of relevant types of permitted use according to the land use and
development rules, description of the actual use, confirmation
sources, survey date, type of discrepancy, and final comment. If
GIS is used, the register is linked to the spatial object by cadastral
number.

The wording of the conclusion should be cautious. If the study
is not carried out by an authorized control body, it is more appropri-
ate to state that “signs of inconsistency between actual use and
information from the Unified State Register of Real Estate and urban
planning regulation have been identified”, rather than to establish
an administrative offense. The latter requires a legally prescribed
procedure and evaluation of evidence by the competent authority.

Criterion

Verification Question

Positive Result

Risk of Inconsistency

Registry-related | Which permitted use type is recorded | The information is up to date and unambiguous

in the USRRE?
Does the Land Use and Development | The function is provided for by the regulations
Rules permit the relevant function?

Outdated/incomplete record

The function is absent or requires
a special procedure

Urban-planning

Factual What is actually being carried out on | The actual use corresponds to the established regime Persistent different activity
the land plot?
Spatial Where is the activity located? Within the boundaries of the land plot and the corresponding Encroachment beyond boundaries

zone or overlap of zones

Temporal When did the use arise? Lawfulness is confirmed by the chronology Current assessment without regard
to transitional provisions
Evidentiary Are the sources sufficient? Several consistent sources The conclusion is based on only one

image/indicator
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If the discrepancy is related only to informational data, the con-
clusion indicates the need to clarify them. If the actual use is per-
mitted by the land use and development rules but does not corre-
spond to the selected type of permitted use, the possibility of
changing the type of permitted use is analyzed separately. If the ac-
tivity is not permitted by the urban planning regulation, the lawful-
ness of the previously established use and the existence of special
grounds must be examined. This format makes the results transpar-
ent and suitable for subsequent legal or cadastral analysis.

Establishing discrepancies between the actual use of land plots
and urban planning regulations is a complex task at the intersection
of land law, urban planning regulation, cadastral activity, and geo-
informatics. A reliable conclusion cannot be obtained by comparing
only two indicators: the visually observed function and the name of
the type of permitted use in an extract from the Unified State Reg-
ister of Real Estate. It is necessary to simultaneously consider
the content of land use and development rules, register information,
the classifier of types of permitted use, the spatial location of ob-
jects, and the history of the formation of the legal regime.

The proposed three-component model “Unified State Register
of Real Estate — urban planning regulation — actual use” makes it
possible to systematize the initial data, while the six-stage algorithm
enables a consistent transition from object identification to qualifi-
cation of the detected discrepancy. A significant element of the meth-
odology is temporal verification, which makes it possible to distin-
guish unlawful changes in use from a lawfully established state that
arose under different regulation.

The development of the National Spatial Data System and digi-
tal GIS tools creates prerequisites for the automated identification
of potential discrepancies. At the same time, automation should be
used as a means of preliminary selection and spatial analysis, rath-
er than as a substitute for legal qualification. The most substantiat-
ed approach is a combination of registry data, urban planning
documentation, remote sensing, and field survey.

The practical significance of the proposed approach lies in
the possibility of its use in cadastral works, territorial inventory,
preparation of materials for local self-government bodies, and pre-
liminary analysis of compliance with the land and urban planning
regime. A unified structure for recording results increases the repro-
ducibility of the study and reduces the risk of erroneous conclu-
sions based on incomplete or non-comparable data.
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YcTaHOBNEeHMe NPOTUBOPEYUNI MEXAY
haKTU4EeCKUM UCNONb30BaHUEM
3eMeJlbHbIX Y4acTKOB

M rpagoCTPOUTENIbHbIMM pernaMmeHTamm

B ctatbe paccmartpuBaeTcs npobnemMa BbISIBIEHUSA U KBanudu-
KaLMn NpoTUBOPEYNA MeXAy hakKTUYECKUM UCMONb30BaHUEM
3eMerbHbIX Y4acTKOB, CBeAeHnsMu EQMHoro rocyaapcTBeHHOro
peecTpa HeBMXMMOCTU N TPE6OBAHUAMU FPafOCTPOUTENbHBIX
pernameHToB. AKTyanbHOCTb UCCeAoBaHns 06yCIIoBIIEHA TEM,
YTO HECOrnacoBaHHOCTb yKa3aHHbIX MHOPMAaLNOHHO-NPaBo-
BbIX 6/T0KOB CNOCO6HA NPMBOAUTL K OLLMGKaM NpU KaaacTpoBbIX
pab6oTax, NoAroToBKe rpagoCTpPOUTENIbHON AOKYMEHTALUMUN, OCYy-
LLECTBIEHUM FOCYAAPCTBEHHOrO U MyHULMMNANbHOIO 3€MefbHO-
ro KOHTPONS, & TakXe Npy NPUHATUN COOCTBEHHUKAMMU pPELLEHNI
06 UCMONb30BaHUN HEOBMXUMOCTU. [JONONHUTENbHOE 3Ha4e-
HWe npobnema npuobpena nocne BCTynneHns B cuny ¢ 1 mapta
2026 r. UIBMEHEHUI 3EMENBHOI0 3aKOHOAATENbCTBA, KOTOPbIMM
B 3emMenbHbIN kogeke Poccuiickon ®efepauny BBefeHa OTaesNb-
Has rnaBa O BMAax pa3peLLueHHOro UCMoJSib30BaHUSA 3eMerlb-
HbIX y4acTKoB. B pa6oTe cuctemMatnampoBaHbl HOPMaTUBHbIE
N NPOCTPAHCTBEHHbIE UCTOYHUKN CBELEHUN, UCMOSIb3YyeMble
ONs NPOBEPKU 3eMesNibHOro yyacTka: AaHHble EMPH, npasuna
3eMenonb30BaHnsa 1 3aCTPONKKU, KnaccugukaTtop BUOOB pas-
PELLEHHOro UCnonb30BaHWs, cBefeHns HaunoHanbHoM cucte-
Mbl MPOCTPAHCTBEHHbIX AaHHbIX, MaTtepuanbl AUCTaHLNOHHOIO
30HANPOBaHUA U pe3ynbTaTbl HATypHOro o6cnegosaHus. MNpea-
JIOXKEH MO3TaMHbIN anropuTM YCTAHOBNIEHUS MPOTUBOPEYNNA,
BK/TIOHAOLLNA MOSHTUDMKaLnMo o6bekTa, onpegeneHne Teppu-
TOpWanbHOW 30HbI, (NKCcaLMIO PaKTUYECKON PYHKLMKN y4acTKa,
CconocTaBfieHne NpPaBoBOro 1 hakTUYECKOro pexnMoB, aHanna
BPEMEHHOr0 hakTopa 1 KnaccmukaLlmio BbISBIIEHHOrO HECOOT-
BeTCTBMSA. [lokasaHo, YTO caMo Hann4ne pacxoXneHus He BCer-
[Ja CBMIETENbCTBYET O NMpaBOHAPYLLUEHUN: HEOH6XOANMO Y4UTbI-
BaTb MOMEHT BO3HUKHOBEHWS MpaB, paHee YCTaHOBIEHHbIV BUA
pas3peLLeHHOro NCMoJib30BaHWs, NPaBOBOW PEXUM 0OLEKTOB Ka-
NUTanbHOrO0 CTPOUTENBCTBA U OCOOEHHOCTU MEPEXOLAHOr0 pery-
nupoBaHusa. B ctatbe paspabotaHa TMNOAOrus NpoOTMBOPEYNin
1 npepnioxeHa opmMa aHanMTUYeckon Tabnuubl, NPUrogHas
ONs NPakTU4eCcKOoro NpMMEHeHus crneymanucTtamm B obnactm
3emMreycTporicTBa 1 kagactpoB. CoenaH BbIBOS O HEO6XO[UMO-
CTV KOMMJIEKCHOrO MUCMOJIb30BaHUA NPaBOBbIX U reoMHdopma-
LIMOHHbIX METOOB, NMOCKOSbKY AOCTOBEPHAS OLEHKA BO3MOXHA
TONbKO NPV OOQHOBPEMEHHOM NPOBEPKE PEECTPOBLIX, IPafOCTPO-
UTENbHbIX U PaKTUYECKMX OaHHbIX.

KnroueBble cnioBa: 3eMesibHbIN y4acToK, (haKkTUHeCKoe UCTOJIb-
30BaHue, rpafoCTPOUTESIbHBIV PerfiaMeHT, BUf paspeLLeHHOro
ucrnons3osanusi, EFPH, npasunia 3emenons308aHuns u 3aCTpou-
KW, KagacTpoBble paboTbl, MPOCTPAHCTBEHHbIE JaHHbIE, 3eMEJlb-
HbIVi KOHTPOJ1b
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Appointment and conduct of fire-technical
examinations in arson investigations

The conduct of fire-technical examinations is one of the most common procedural actions carried out as part
of the investigation of criminal cases involving arson. During the review of materials, officials almost always order
fire-technical examinations, since the question of the causes of the fire is of paramount importance. The expert’s
conclusion indicating the causes of arson is a starting point in a criminal case and allows the investigator (exam-
iner) to form investigative hypotheses and carry out initial and subsequent investigative actions, thereby gather-
ing a set of evidence in the case.

The paper examines problematic issues related to the purpose and conduct of fire-technical examinations as
one of the complex expert studies. Statistical data on fires and arson are provided, and an analysis is carried out
of the regulatory and legal framework governing this institution, including departmental acts regulating the crim-
inal acts under consideration.

The positions of various authors regarding the methodology of investigation and the tactics of conducting inves-
tigative actions are examined, and the law enforcement practice of investigating criminal cases involving arson
is analyzed.

This made it possible to identify the errors most commonly made by officials when assigning fire-technical ex-
aminations and to offer some recommendations regarding the inspection of the fire scene, formulating questions
for experts, sending objects for examination that contain significant trace information, and selecting an expert in-
stitution.

Keywords: fire and technical expertise, arson investigation, initial and subsequent investigative actions, con-
ducting examinations, causes of fires, reasons for committing arson, methods of investigating arson, forensic fire
and technical expertise, methods of mathematical modeling in forensic fire and technical expertise, fire supervi-

sion by the Federal Fire Service, competence of experts in the field of fire and technical research

Palieva

Oksana Nikolaevna,
Candidate of Economic Sciences,
Associate Professor, Head

of Department; Rostov Branch of
Russian State University of Justice;
76 Nefedova st., Rostov-on-Don,
344013, Russian Federation;

ID RSCI: 5822-4942;
palievaoksana@mail.ru

significantly. Most often, these are fires that occur

under conditions of non-obviousness. Fires arise
both due to natural factors and due to human error.
When considering the types of fires based on possi-
ble causes, arson accounts for a relatively small per-
centage. This is primarily due to the preparation and
careful planning involved in committing the criminal
acts. The motives behind arson can vary. Based on
the aforementioned grounds, arson can be distin-
guished as being committed out of a sense of re-
venge, to receive payments for insured property, and
to destroy documents, to obtain new housing, to
clear a plot of land of buildings with the subsequent
acquisition of those buildings as property (indicators
of law enforcement practice). Arson may also be
committed to conceal another crime, such as mur-
der, theft of another person’s property, misappropri-
ation of another person’s property, and similar of-
fences [1].

Given the intellectual component of the method
used to commit the crime in question, as well as
the variety of methods used to commit it and con-
ceal its traces, arson is rightly regarded as a crime
that is difficult to detect and prove. This is confirmed
by clearance rates showing that only one in three
cases of arson is identified and successfully proven.

Between 2023 and 2025, an increase in the num-
ber of fires was recorded across the Russian Fed-
eration, both in anthropogenic zones (industrial en-
terprises, warehouses, residential buildings) and
in natural ecosystems (steppe areas, forest lands,
taiga regions). The main causes of fires are anthro-
pogenic factors, extreme meteorological conditions

I n recent years, the number of fires has increased

(abnormally high temperatures during the summer
period), and man-made events (including the crash
of unmanned aerial vehicles), as well as the actions
of individuals who deliberately set fires, which ini-
tially appear to be accidental.

At the initial stage of investigating the causes of
a fire, specialists need to determine which fire is ac-
cidental and not related to human activity (short-cir-
cuiting of electrical wiring, spontaneous combustion,
etc.) and which is the result of the intentional actions
of criminals, which must be classified as a crime.
In science and investigative practice, such unlawful
human actions are referred to as “arson” [2].

Arson is a serious threat: it not only destroys
property and helps conceal other crimes but can al-
so cost people their lives. Investigative practice
shows that such crimes sometimes lead to mass ca-
sualties. The incidence of arson is high, and the dam-
age they cause often reaches very large proportions
(Fig.).

Arson causes significant material damage —
both ordinary citizens and organizations suffer.
Moreover, such crimes undermine the overall secu-
rity of the state.

The Criminal Code of the Russian Federation
provides for liability for arson in the following Arti-
cles: 167 of the Criminal Code (intentional destruc-
tion or damage to other people's property), 205 of
the Criminal Code (terrorist act), 218 of the Criminal
Code (violation of the rules of accounting, storage,
transportation and use of explosives, flammable
substances and pyrotechnic products), 219 of
the Criminal Code (violation of fire safety require-
ments), 261 of the Criminal Code of the Russian
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Federation (destruction or damage of forest plantations), 267 of
the Criminal Code of the Russian Federation (rendering unusable
vehicles or communication routes), 281 of the Criminal Code of
the Russian Federation (sabotage) and others [4]. This is an ap-
proximate list of crimes committed by arson (in fact, there are more
of them). In the disposition of these articles, arson is specified as
a constituent element of the crime.

When investigating criminal cases related to arson, specialized
knowledge is required; without it, it is impossible to establish the cir-
cumstances of the crime.

At the scene of the fire, a specialist examines the fire scene
and, first and foremost, records the fact of the fire. Furthermore,
the professional training of specialists and experts in the field of
fires is used when conducting fire-technical examinations, which
are assigned both at the stage of pre-investigative checks and at
the investigative stage, as well as within the framework of the judi-
cial consideration of a criminal case.

The specialist’s visit to the fire scene involves implementing
a set of measures aimed at recording the fact of the fire and collect-
ing data for subsequent expert analysis. The primary task is to
document the circumstances of the incident, including identifying
ignition indicators, assessing thermal damage, and seizing objects
containing traces of the fire.

Fire and technical expertise is a key element of the investiga-
tion. Experts determine the origin of the fire, the cause of the igni-
tion, and analyze traces of materials found at the fire scene to de-
termine whether fire safety rules were violated. Modern technologies
make it possible to accurately determine the origin and even
the time when the fire began, based on traces of prolonged smol-
dering.

When examining the content of forensic fire-technical examina-
tion carried out during the investigation of criminal cases, one can
identify the main regulatory framework governing its activities, which
includes Chapter 27 of the Criminal Procedure Code of the Russian
Federation [5], and the relevant departmental order of the Rus-
sian Ministry of Emergency Situations dated August 19, 2005, No. 640

“On Approval of the Instructions for the Organization and Conduct
of Forensic Examinations in Forensic Expert Institutions and Expert
Units of the Federal Fire Service” [6].

According to the Instructions, an expert from an expert institu-
tion must study the materials of fire-related criminal cases. His
tasks include determining how and why the fire started, how it
spread, whether fire safety rules were violated, and resolving other
technical issues related to the case.

Based on expert methodologies and the introduction of new
qualitative knowledge related to phenomena and objects of reality,
experts draw the necessary conclusions based on the study.

A non-procedural form of interaction with an expert is possible,
in the form of consultations and inquiries. This form will be useful if
an inquirer or investigator contacts an expert before appointing
an expert examination, for example, in order to clarify the correct-
ness of the questions raised, the availability of research objects and
the expediency of sending them for examination, the quantity
and quality of objects sent for research, the timing of research and
testing, etc.

Conducted expert research is aimed at establishing the rea-
sons for the occurrence of fires, the identification of the causes of
their occurrence, the elaboration of issues and versions that ex-
clude intentional actions related to arson, as well as deliberate vio-
lation of the rules of operation of equipment, withdrawal (damage)
of equipment, energy-consuming devices aimed at causing a fire.

S.Yu. Karpov, S.S. Shishanova and a number of other authors
rightly identify the main tasks of fire-technical examination by ex-
perts. The main areas of research include:

1. Determining the origin, spread, duration, and temperature of
the fire.

2. Establishing the technical cause of the fire or ignition.

3. Determining the temperature and traces of heating of ob-
jects, materials, and substances.

4. Detecting signs of emergency fire-hazardous operating
modes of equipment.
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5. Identifying traces of substances and determining the fire-tech-
nical characteristics of substances, materials, and mixtures.

6. Identifying violations of the rules governing technical equip-
ment, technical operation, and fire safety, as well as establishing
the connection between the identified violations and the occur-
rence and development of a fire [7, p. 34; 8, p. 58].

Based on the above-mentioned expert tasks, two categories
of tasks can be distinguished:

Diagnostic tasks are aimed at identifying and recording. They
are outlined in the aforementioned Instructions and include:

e properties and characteristics of the object (physical, chemi-

cal, and others);

e state of the object (original, altered, damaged, etc.);

e mechanism of the emergence and development of processes
that led to the observed changes (the mechanism of destruc-
tion, corrosion, ignition, deformation, etc.);

e cause-and-effect relationships between the actions (inci-
dents of ignition) and the resulting consequences [6].

Identification tasks include:

e establishing the individual identity of objects — comparing
a specific sample of a substance or product with a reference
object or an object seized from the scene of the incident;

e determining the group affiliation (for example, based on
the material composition, typical defects, or spectral charac-
teristics);

e reconstructing the whole from parts — restoring the original
structure, shape, or composition of an object based on the anal-
ysis of its fragments or residues.

Law enforcement practice indicates that recently, methods
of mathematical modeling and artificial intelligence have become
more widely used, which has significantly affected the quality of
the examinations conducted. The aforementioned authors note that
“with the development of scientific and technological progress,
the range of tasks for this type of examination is expanding. In-
creasingly, during examinations aimed at determining cause-and-
effect relationships, violations of fire safety requirements are identi-
fied, and mathematical modeling is used” [8, p. 61].

Currently, new technologies are being actively used that allow
for “virtual inspection of an object”, and this can be done repeat-
edly. Experts use high-detail photo and video recording, including
from drones, as well as laser scanning and photogrammetry. As
aresult, an accurate digital model of the situation is obtained. “This
type of inspection makes it possible to determine exactly where
the zones of maximum thermal damage were, how the fire spread,
and how the traces relate to the building’s layout and engineering
utilities — and all of this without having to return to the site” [9].

At the same time, it is always important to remember that
the latest technologies are undoubtedly a powerful tool that enables
various approaches to research, but they do not replace an expert’s
professional experience and critical thinking. The expert selects
methods tailored to the specific situation at hand, verifies the initial
data and possible algorithms, and makes the final decision inde-
pendently.

Conducting a forensic fire-technical examination is directly re-
lated to obtaining new information as a result of the study or to its
complete exclusion. At the same time, objective conclusions de-
pend on the presence of specialized knowledge, professional train-
ing, and the availability of the objects under study, which were ob-
tained as a result of the procedural actions carried out. As noted
earlier, a competent formulation of questions for the examination

and the selection of objects for expert study play an important role
in establishing the causes of the fire. As practice shows, the com-
pleteness of the expert conclusion is related to the information ob-
tained at the initial stage of the investigation. This is determined by
the actual presence of the objects under study, seized from
the scene of the incident, and the “working through” of various ver-
sions of how the fire started.

Conducting examinations at a later stage, for example, after
a criminal case has been initiated, may lead to the loss or damage
of objects that could be subject to examination, both for objective
reasons (exposure to the elements, rain, snowfall, etc.) and for sub-
jective reasons (destruction of evidence by interested parties).

An examination into a fire is appointed by an official, an investi-
gator, or an interrogator. The choice of an expert institution is
the right of the official investigating the crime. At the same time, if
a suspect in the case is known at the time the examination is or-
dered (which is quite rare), he has the right to file a petition with
questions for the experts and make a statement that implies the pos-
sibility of choosing an expert institution at his own discretion. Today,
the choice of expert institutions is considerable. Organizations con-
ducting expert research as part of fire-technical examinations in-
clude both state-owned and non-state entities. The legal regulation
of expert research (activity) is established by the basic law, in par-
ticular, Federal Law No. 73-FZ dated 05/31/2001 “State Forensic
Expertise in the Russian Federation” [10]. It regulates the activities
of all expert institutions. Expert activity is regulated in detail by
the criminal procedure legislation.

There are not many specialists in the field under consideration
(in the field of fires). “All of them are concentrated in special labora-
tories of the Russian Ministry of Emergency Situations. In addition,
specialists from the Expert and Criminalistic Centre of the Russian
Ministry of Internal Affairs, the forensic examination department of
the Russian Ministry of Justice, as well as employees of industrial
enterprises with the relevant specialized knowledge, are involved” [11].
Fire and technical expertise is carried out by specially trained ex-
perts — people with in-depth knowledge in the field of fire safety,
combustion physics, chemistry, and others. The most common
group consists of experts from the fire testing laboratories (FTLs)
of the Russian Ministry of Emergency Situations. There is a network
of such laboratories operating in the country. They have the neces-
sary equipment for research, conduct both field inspections and
laboratory analyses, and issue official conclusions.

Experts from the Fire Expertise Research Centre (FERC) and
other specialized units of the Russian Ministry of Emergency Situa-
tions participate in the investigation of major, high-profile fires, such
as the “Winter Cherry” and “Lame Horse” fires. The Centre also
provides training and certification for experts.

Less frequently, experts and specialists from independent pri-
vate organizations are involved in the investigation of criminal cas-
es. As a rule, this applies when there is a need to conduct an ad-
ditional or repeated examination. Such experts must have a license
to carry out such work and confirmed qualifications.

A fire-technical expert can independently conduct an examina-
tion that does not involve particularly complex issues. If there is
a need to investigate more complex issues that require knowledge
in other fields, commission-based expert examinations are appoint-
ed. M.S. Zhuk explains this by saying that “in the investigation of
arson, a large number of diverse issues arise that can only be re-
solved by using a combination of various specialized knowledge
from the relevant branches of science and technology — primarily
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fire engineering, thermophysics, chemistry, electrical engineering,
construction, pyrotechnics, and criminology” [12].

The questions put to the experts may vary and depend on
the circumstances of the investigation.

The main categories of questions are as follows:

e those relating to the cause of the fire;

e those concerning the fire safety condition of the premises and

compliance with fire safety regulations;

e relating to the determination of the location of the fire’s point
of origin and the factors that led to the particular course of
the fire;

® enabling a causal link to be established between a breach
of fire safety regulations and the resulting consequences
[8, p. 58].

The most important question concerns establishing the causes

of the fire, namely whether the fire was the result of arson.

In one of the criminal cases, the court established that the ware-
house manager embezzled the equipment entrusted to him, which
was stored in a warehouse in the city of Kaliningrad. On October
30, 2025, they set off a large-scale fire: they used pre-prepared
bottles filled with an incendiary mixture. As a result, the fire com-
pletely destroyed the property of the tenant company. The material
damage exceeded 57 million rubles. The court classified the man-
ager’s actions under Part 4 of Article 160 of the Criminal Code of
the Russian Federation (embezzlement and misappropriation on
an especially large scale) and Part 2 of Article 167 of the Criminal
Code of the Russian Federation (arson), and the perpetrator (T.) —
only under Part 2 of Article 167 of the Criminal Code of the Russian
Federation. E. received 4 years of imprisonment in a general regime
colony, and T. received 1 year and 6 months in a settlement colony.
The court also fully satisfied the claim for compensation for material
damage'.

An analysis of law enforcement practice allows us to conclude
that investigators and judges do not always pose questions to ex-
perts in the correct way. For example, questions of the following
type are completely unacceptable: “Was a deliberate arson com-
mitted by a specific person?”, “Did a specific person violate fire
safety requirements?”, “Were forest plantations destroyed as a re-
sult of careless handling of fire?” [13]. These questions relate to le-
gally significant circumstances and should not be examined by
an expert. “The correct formulation of questions is of fundamental
importance for experts conducting research. An important factor is
the validity of the questions within the scope of the experts’ compe-
tence. The questions should not go beyond the experts’ specialized
knowledge” [14].

Thus, in one of the criminal cases, a group of individuals, acting
in concert, committed murder using a dangerous method against
N.Ya.S. and the minor N.D.S., and then, in order to conceal
the crime, placed the bodies in a bathhouse and deliberately set it
on fire. After setting the fire, the criminals fled the scene. As a result
of the fire-technical examination, the origin of the fire was estab-
lished within the boundaries of the bathhouse and the dressing
room located at a specific address. The fire was caused by deliber-
ate ignition using flammable liquids [15].

The objects submitted for fire-technical examination include mul-
tiple traces of the crime, which are seized from the scene of the inci-
dent. The full list of objects is determined by the circumstances of

' Two people convicted in Kaliningrad Region for arson of a home appliance ware-
house. TASS Editorial Staff. August 27. URL: https://tass.ru/proisshestviya/28049999
(rus.).

the fire that occurred. There is no point in listing them in full, as they
can be any items carrying any information related to the fire.
The technical documentation of the burned-out object is also sub-
mitted for examination; it is subject to thorough analysis by experts,
as are the protocols of investigative actions that were carried out by
the time the examination was ordered.

To obtain objective conclusions, objects containing information
that will be subject to expert examination are submitted for analysis.
A.G. Markelov and D.V. lvanov propose submitting the following
documents for expert examination: “the incident scene inspection
report; sketches and photographs; plans of the burned-out premis-
es; video recordings from the incident scene; diagrams of the elec-
trical wiring, gas supply, sewage, water supply, and heating sys-
tems; expert conclusions; a fire report or an order; the conclusion
of a technical specialist and other regulatory (supervisory) bodies;
various expert studies and expert conclusions; diagrams, photo
and video materials; and other technical documents that are rele-
vant to the criminal case, and other materials” [8, p. 58].

This is not the complete list of objects that may be submitted
for fire-technical examination. Everything depends on the specific
fire and the circumstances of the case. Providing the expert with
the necessary materials guarantees a comprehensive and thorough
investigation. For example, during the combustion process, crime-
related traces are subject to change, but with the help of special
knowledge and instruments, it is possible to “read” the original in-
formation.

Before ordering a fire-technical examination, the investigator
must carry out certain work to identify and select objects for ex-
amination. An important initial investigative action in fire investiga-
tions is the examination of the scene. It seems that it would be ad-
visable for the expert conducting the examination to visit the scene
of the incident. A direct inspection of the fire site by the expert is
an important element of the examination process, as studying
the incident scene inspection report, examining photographs, video
materials, and other objects will not provide a complete picture or
understanding of what happened. Personal perception is neces-
sary. Therefore, the official investigating the arson case should also
analyze this important aspect and recommend that the expert visit
the fire site.

When assigning a fire-technical examination, investigators may
make a number of tactical and procedural errors that affect the reli-
ability of the expert’'s conclusions and the quality of criminal inves-
tigations. In this context, we can talk about incompleteness or
the absence of important data in the incident scene protocols. Of-
ten, officials do not record the signs of the fire source or any details
that could establish the cause of the fire. For example, they do not
record traces of flammable liquids, the arrangement of objects
at the time the fire was detected, or the condition of electrical equip-
ment.

The case may contain mutually exclusive information (for ex-
ample, in the inspection protocol and in witness statements regard-
ing the location of objects or the nature of the damage). This inevi-
tably may lead to incorrect conclusions.

Investigators pack objects seized from the fire scene carelessly
and do not seal them, which leads to their alteration or loss.

The inspection protocol for the scene of the incident lacks sig-
natures from the persons participating in the investigative action
(witnesses, specialists). This violates the procedural requirements
of the law and may call into question the legitimacy of the collected
materials.
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In law enforcement practice, some officials do not order
a fire-technical examination but attach a fire report to the materials
of the criminal case and refer to it as evidence in the case. An em-
ployee of the State Fire Supervision Service or the firefighting man-
ager prepares a fire report in two copies in the prescribed form af-
ter the fire has been extinguished.

When preparing a fire report, a number of important details are
documented. First, the composition of the commission is indicated,
and the object where the fire occurred is described in detail — its
exact address, name, and ownership (who is the owner or user).
Next, the chronology of the incident is recorded: when and where
the fire was noticed, who noticed it, and when the information was
reported to the fire department. The time of the firefighters’ arrival,
the containment of the fire, and its final extinguishment is necessar-
ily recorded. The document also reflects the situation at the scene
at the time the rescuers arrived, information about the victims, and
the consequences of the fire, as well as the circumstances that
exacerbated its development. If necessary, other relevant data are
included [16]. Depending on the circumstances, other examina-
tions may be ordered. If there are injured or deceased people due
to the arson, a forensic medical examination is ordered. To examine
physical evidence (for example, traces on the suspect’s clothing),
a forensic examination is assigned.

Thus, a forensic fire-technical examination is replaced by a fire
report, which, in our view, is incorrect and does not comply with
the procedural rules for investigating a criminal case. A fire report
is drawn up based on the results of the fire, in accordance with
departmental instructions. A fire report contains information that
has been collected and cannot provide answers to all the questions
of interest to the investigation. Only a thorough, scientific study can
provide specific answers and draw specific conclusions about
the cause of the fire, the method of arson, and other circumstances.
Based on the above, the appointment and conduct of a fire-techni-
cal examination within the framework of the criminal case under in-
vestigation is of paramount importance.

The expertise of experts in the field of fire-technical research is in
demand at all stages of criminal proceedings, both within the frame-
work of the pre-investigation check (the examination makes it possi-
ble to establish the presence of signs of a crime, i.e., arson) and to
make a well-founded decision to initiate a criminal case, and at
the stage of the preliminary investigation. The examination results
serve as an evidentiary basis for determining the causes of the fire,
reconstructing the events, and identifying the perpetrators.
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Oco6eHHOCTU Ha3Ha4YeHUs U NPOM3BOACTBA
NOXXapHO-TEXHUYECKUX IKCNEepTU3
npuv paccnefoBaHUU NOAXOros

[Mpon3BoACTBO MNOXAPHO-TEXHUYECKUX IKCMEPTU3 OJHO M3 Ha-
nbonee pacnpocTpaHeHHbIX NpoLeccyanbHbIX [ENCTBUMN, KOTO-
pble BbIMOMHSOTCS B paMKax paccrefoBaHus yrofloBHbIX Aen Mo
nogxoram. B xofie NpoBepky MaTepuanoB [OMHKHOCTHbIE nuua
npakTUyecKn Bceraa HasHavarT NoXapHO-TEXHUYECKUE IKCMep-
TW3bl, TaK KaK BOMPOC O NMpUYMHax Npon3oLLeLlero noxapa ss-
NSIeTCA NepBOCTENeHHbIM. 3ak/toHeHNe aKCnepTa, yKasbiBato-
Liero Ha npuYnHbl nogxxora, ABndeTcda oTnpaBHbIM MOMEHTOM
B YrO/IOBHOM fieJfle 1 No3BOSISIET AO3HaBaTeNto (cnegoBartesnto)
CTPOUTL CNEACTBEHHbIE BEPCUU 1 NPOBOAUTL NMepBOHaYanbHbIe
1 nocnegytoLime cneacTBeHHble AeNCTBUsS, Takum 06pas3oM co-
6u1pasi COBOKYMHOCTb AOKa3aTesIbCTB MO feny.

B craTbe paccmartpuBaloTcs Npo6sieMHble BOMPOChl, HasHaye-
HWS 1 MPOBEAEHUS NMOXaPHO-TEXHUHECKMX SKCMEPTUS, KaK OOHO-
ro U3 CMOXHbIX 3KCMEPTHbIX UCCefoBaHuii. MpuBedeHbl cTaTu-
CTUYECKME JaHHble Mo NoXapam v NopKoram, a Takxe NpoBefeH
aHan“3 HopMaTYBHOIO MPaBOBOrO PeryiMpoBaHusi yKasaHHOro
WHCTUTYTa, B TOM YMCIIE BEAOMCTBEHHbIX aKTOB, PerfnameHTMpy-
IOLLIMX paccMaTpUBaEMbIE MPECTYMHbIE AEsHUS.

PaCCMOTDEHbI nosnunn pas3sindHblX aBTOPOB MO MeTOAUKe pac-
cnefoBaHUAa U TaKTUKe npoBedeHUsa CnefCTBEeHHbIX OencTeunm,
a TakXe npoaHanuanpoBaHa rnpaBonpuMeHuTesibHaa npakTuka
paccnenoBaHua YyronoBHbIX Aes no nomgxoram.

3T0 NO3BOJIMIIO BbISBUTHL OLUMGKM, Yalle BCero Aornyckaembie
ZOMDKHOCTHBIMM NULAMU MPU Ha3HAYEHWUM MOXAPHO-TEXHUHECKMX
3KCMEepTM3, Y NPEASIOKUTb HEKOTOPbIE PEKOMEHAALMN OTHOCK-
TErNbHO OCMOTPa MecTa NPOUCLLECTBUS NoXapa, MOCTaHOBKM BO-
NMPOCOB 3KCMEPTaM, HanNpaBIEHVsi 0GBLEKTOB ANsi UCCNeoBaHus,
NpeAcTaBnsoLLMX 3HA4YUMYIO CIIE[OBYH0 MHOPMaLMIO, U BbIGO-
pa 3KCMepPTHOro YYpeXaeHus.

KnroyeBbie cnoBa: nposefeHne 3KcrepTusbl, NPpUYnHbI ro-
XKapoB, paccrenoBaHus MNoagXoros, MNPUYUHbI OCYLLECTBIIEHNS
roAX0oroB, METOAbl paccsiefoBaHus NogXxoros, cynebHas mno-
XKapHO-TEXHUYecKas dKcrepTnia, MeTofbl MateMaTn4ecKoro
MOAenMpoBaHUs B CyAEOHOV 0XapHO-TEXHNYECKOU SKCrepTu-
3e, Mo)KapHbIVi HaA30p henepasibHOV MPOTUBOMOXAaPHOM CITYX-
Obl, KOMMETEHLMSI IKCMEPTOB B 0OJ1aCTU [10XXaPHO-TEXHUYECKMX
uecnenoBaHum
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