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XapakTepHble 0COOEHHOCTU COBPEMEHHOrO KanuTanbHOro CTPOUTENbCTBA — HeECTa-
OWIbHOCTb MHBECTULMOHHOTO KNnUMara, KpanHe HepaBHOMEpHas 3arpyska CTPOUTESNIbHbIX
MOLLHOCTei, HU3KWIA YPOBEHb PEHTABENbHOCTU CTPOMTESIbHOrO MPOM3BOACTBA. B aTumx
YCNOBUAX aKTyaNnbHbIMU CTAHOBATCA NPO6EMbI 06€CMeYeHUs YCTONYUBOCTI, HALEXHOCTH,
MOOUNBbHOCTM, TMOKOCTU CYObEKTOB XO3ANCTBEHHON AEATENIbHOCTH Kak UX CMOoCO6HOCTM
BbDKMBATb 11 (DYHKLMOHMPOBATL MO BO3LENCTBMEM LECTAOUNN3NPYIOLLMX (DAKTOPOB.

[usepcudnkaums, kak HanpasneHne NoBbILIEHUS TMOKOCTU AeATENbHOCTI CTPOUTENb-
HbIX KOMMAHWIA, @ CNIe0BATENIbHO, 1 YCTONYUBOCTI UX PA3BUTIS, OTHOCUTCSA KaK K KOHKPET-
HOW TEPPUTOPUI CTPOMUTENbLCTBA, TaK U K NPAKTUYECKUM aCneKTaM COBPEMEHHOr0 pasBu-
TN NHBECTULMOHHO-CTPOUTENIbHOMO Komnekca Poccumn. OHa 6bIBaeT Tpex BUA0B: KOHITO-
MepaTHOW, KOMMEPYeCKON U FrOPU30HTaNIbHON.

KoHrnomepartHas aumeepcuduKkaumus — 310 BO3HUKHOBEHIE B KOMNAHUN HanpaBfieHui
No0 BbIMYCKY HOBOTO aCCOPTUMEHTA CTPOUTESIbHOM MPOLYKLMW, OKa3aHUK HOBOro BUAA
YCNyr; KOMMepyeckas anBepcuukauns — 3to yBenuyeHme 06beMOB CTPOUTESIbHO-MOH-
TAXHbIX PaboT; ropu3oHTanbHas AMBepCUUKALMA — 3TO MOUCK HOBbIX TEPPUTOPUIA 415
CBOEl npoayKunu. Jnsepcudmkanns cnyxut cTUMynnpyoLwmumM Katannsatopom no obec-
neYveHnto PMHAHCOBOM CTaBMILHOCTW U YCTONYMBOCTM CTPOUTENBHON KOMMNAHUN.

[N [OCTUXKEHUS MAKCUMaNbHOW Pe3yrbTaTUBHOCTU B [EATENIbHOCTU CTPOUTENbHbIX
KOMMAHWIA BAXXHbIM SBMSAETCA UCNOSb30BaHMNE LMGPOBLIX TEXHONOMMIA 1 COYETaHNe BCeX
Bbille nepe4ncneHHbIX BUA0B NX pa3BUTNA.

B HacToALLeM HOMepe XypHana yAenserca 3HaYuTenbHOe BHUMAHWE 3TUM U JpYriM
BOMPOCaM NOBbILLEHNA TMOKOCTN CYGHLEKTOB CTPOUTENbHON 18ATENLHOCTM, B TOM YUCIE 3a
CYET MOBbILIEHUS YPOBHA KOHLIGHTPALN C OHOBPEMEHHBIM Yry6/eHNeM crieLuanusainm
noApsAHbIX (OUPM 1 COYETAHUEM BIUOB AUBEPCUUKALINNA NPOU3BOACTBA.
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AKLIEHTbI HOMEPA 1 PASAEN — OOUUUANDBHbLIN PA3AEN
JELLG B L R E LR 6 Nanupyc A.A., Anamuesuu J1.A.
CoBpeMeHHble MPOEKTLI KOM-
FUIEKCHOTO PasBiTVis TeppUTO- Lincdbposas TpaHcdopmaLms NpoLEeccoB yrpasneHnst XU3HEHHbIM
%:'Mﬁigig;e%ﬁ?éﬁ;ggg%:ﬁ;m LIMKIMTOM OOBEKTOB XXMITOM U MHXEHEPHOM MHADPACTPYKTYPLI B MPOEKTax
- I/IHCbOpMaIltI/IOHHOVI B KOMMJIEKCHOIO Pa3BUTUSt TeppPUTOPUI

HOCTbIO. TexHomoru4eckas
CINOXHOCTb 0O0OCHOBLIBAETCA
HEOBXOAVMMOCTbIO UHTErpaLM 2 PASOAEN — TEMA HOMEPA
pPasHOPOAHbIX CUCTEM, 0Becre-
YeHna 6e30MacHOCTU, HaOeX-

HOCTV 1 YCTOMHUBOCTY XKUTTbIX 13  fiHkosckumn A.B.

3[aHNI 1 MHPPACTPYKTYPHbIX .

06bLEKTOB. OpraH3aLmoHHas Ocob6eHHOCTY pa3paboTKu rpafoCTPOUTENBHOM KOHLEMNLMM
CINOXHOCTb BOBHMKAET 113-3a npwv peneBenonMeHTe ropOACKMX TEPPUTOPUIA

yBeNn4eHnsa Konmn4ecTtsa y4acT-
HWKOB Mpu peannsaunn npo-

EKTOB KOMMNIEKGHOMO PaaBuTUA 3 PASAEN — 3KOHOMWUKA N MEHEAXMEHT
TEPPUTOPUIA, a MHADOPMALIV- HEABUXUMOCTHU

OHHas — BKCrNoHeHUallbHbIM

POCTOM 06bLEMOB Pa3HOPOAHO 19 06yXOB P.B.

NHdOopMaLIK, a Takxke Tpebo-

BaHWAMM K CKOPOCTUN NPUHATMS ObecneyeHne KOHKYPEHTOCMOCOOHOCTM NPennpUATUA CTPOUTENBHOM
(OSSR OTpacny Ha OCHOBE KOHLIEMNLMN AMHAMUYECKOro paBHOBECHS

AHkoBckui A.B.
["papocTpouTenbHas KoHLEeM-

LI BLICTYMAGT B KAUECTRS f0- 4 PA3JIEN — FPAJIOPEIFYINPOBAHUE U YNPABNEHUE
KyMEHTa, MOATBEPKAAIOLLIETO, XNNTNWHO-KOMMYHAJIbHBIM KOMNOJNIEKCOM

YTO MPOEKTHbIE PELLIEHNS pe-

AEBeronmeHTa crnocooeTayior 28 JlykuHos B.A., Kupnuuyenkos A.A.

LOCTWKEHUIO Lienen OEencTBy-

IOUL(EN] [MOJIOYEIEINO) MIGHIAIAIAL Knaccudpmkaums nporpamMm o BOCMpoM3BOACTBY rOPOACKOro

Kaxxaplit ropoa paspabaTsisaeT
nnaHbl PasBUTS, 3aKperneH-
Hble B rpafoCTPOUTENBHON
[IOKyMEHTaLWN: MacTep-nnaHax
FOPOLIOB B CPEAHECPO4HOM 32  Kopocrenes 10.C.
FOPU3OHTE MNaHNPOBAHMS

W reHeparbHOM NnaHe Ha
[IONFOCPOYHYIO NEPCTIEKTUBY.
PagpabatbiBaemble MPOeKTb!

KUMULLHOTO hoHaa

3mepeHne LeHHOCTM B NPOEKTax KOMIMJIEKCHOrO pas3BUTUS TEPPUTOPUIA

penesenonMeHTa goMKHbI

noaaep»kvearh obLLee Ha- 38 3BoHOB WU.A., AyaHuk A.T.

npaesnieHre pa3BnTnA ropoda 1

CMOCOOCTBOBAThL AOCTVMKEHMIO MyTV NOBbILLEHNS SKCMTyaTaLWMOHHOM HAOEXHOCTN CUCTEM
LienesbIX NoKasartenei ka4ecT- BOJJOCHAOXEeHWs1 1 BOJOOTBEAEHUS 30aHNI

Ba FOPOLCKONM cpefbl, YPOBHS
XKN3HW HACEeneHVs

O6yxoB P.B. 45 Kynakos A.P.

Peannzauus B COBPEMEHHbIX .

YCIOBUAX METOLAMYECKMX MOIO- KoMneKkcHbI NOAXOM B paMKax Hay4YHO-TEXHMYECKOro conpoBoOXaeHns
YKEHWI 1 NMPaKTUYECKMX PEKO- YHUKaIbHbIX OObEKTOB Ha BCEX STarax XW3HEHHOro LUukna

MEeHAaUMii No pasBUTUIO Teo-
PUU KOHKYPEHTOCMOCOBHOCTM

CTPOMTENbHBIX NPEANPUATHIA 52 BopuckuHa K0.U., Moxamen Ucak Anu
BO3MOXXHa 4epes NnpuMeHeHne
FOIRILSINILYAV ViIRRIECKOIe [leBenornveHT TOpro.bIX LIEHTPOB B paMKax KOHLIEMLIMM KOMIMIIEKCHOIo

PaBHOBECUA BHYTPEHHEN U
BHELLIHEW cpefbl Ha TEKYLLEM,
TaKTU4YECKOM W cTpaTerunye-
CKOM YPOBHE yrnpas/eHns Ye-
pe3 MoAeNMpPoBaHNe COBOKYM-

pasBUTUS TEPPUTOPWIA
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5 PASAENl — TEXHOJNIOTNA N OPTAHU3ALUUA
CTPOUTEJIbCTBA

Kpbinos A.C., Jlanuayc A.A., CaTbinaes A.B.

CoBepLLeHCTBOBaHME METOAONOMMM CO3AAHNSA apPXUTEKTYPHON LMEOPOBOI

NHIPOPMALIMOHHOM MOAESIN XUIOro 30aHNs C NMPUMEHEHEM MOYTbHOIo
nomxoma

3BoHOB U.A.

Ponb doyHKUMOHanbHbIX TpeboBaHW K 0ObeKTaM YHUBEPCUTETCKMX
KamrycoB Mpw UX NMPOEKTUPOBaHMM 1 SKCryaTaumm

Poxkos A.H., MannwHukosa B.B.

Lindbposas nnatdopma ynpasneHust XXM3HeobecneHeHneM:
TOMNoNormyeckas KoHuenums

JlykuHoB B.A., BansieB A.O.

IMprmeHeHne MeToaa KPUTUYECKOM Lienn Kak criocob cokpalLeHns
CPOKOB peanuaaumy CTPOUTENLHOMO NPoeKTa

6 PA3EJl - OTEYECTBEHHbIA U 3APYBEXHbIN ONbIT

BensikoB C.U., ConoBbés A.A., Pemuszos WU.P.

AHanmna akTyanbHbIX HanpaBneHU PasBUTUA MPOEKTHON AEATENBLHOCTM
[OEBENONEPCKMX KOMMaHWI B KOHTEKCTE afanTaumm K KpUSMUCHbIM
ABNIEHUSAM

7 PASOEJ1 — NPABOBbBIE U COUNAIJIbHBIE ACMNEKTbI

Opexos I'.B., Bana6uH 0.A., JlyaruH P.10., ®puposckas E.IN.

TexHn4eckue n HOPpMaTtmMBHO-MNpPaBOBbl€ aCreKTbl YCTaHOBJIEHUA
Nnpu3HakoB aBapVIVIHOCTVI MHOIOKBapPTUPHbIX XWIbIX JOMOB B paMKax
Cy,D,eﬁHbIX CTPOUTEJIbHO-TEXHNYECKNX IKCMEPTU3

3anuena J1.U.

KoHuenTyanbHbIn Nogxon K OLEHKE 9KOHOMUYECKON 3(PEKTUBHOCTU
BHeCye6HOro paspeLLeHnst CTPOUTENbHBLIX CMOPOB
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AKLIEHTbl HOMEPA

HOrO KOHKYPEHTHOIO MOTEHLI-
ana no Kno4eBbIM dhakTopam
ycrnexa B YCMOBUAX BbICOKOrO
YPOBHS HEONPEAENEHHOCTM

3BoHoB U.A., AyaHuk A.I.
[MpeanKTBHOE 0OCNYM-
BaHME — 3TO KOMMIEKCHbI
cnocob ynpaBneHus UHKeHep-
HbIMI CETAMU 1 06OPYAOBAHWI-
€M, KOTOPbI BKMtoYaeT B cebs
c60p MHGOPMALIM O COCTOS-
HU 060OPYAOBaHNS, ee aHan3
1 COCTaBfEHME NMPOrHO308

0 CpoKax 0Tkasa 060opyaoBa-
HWS PA3HOrO YPOBHS C LIENbIO
CBOEBPEMEHHO MOArOTOBKM

1 peannsamy MeponpuUATAA
no NpeaynpexneHnto Cooes

B pabote. To eCcTb 310 0OCHy-
XKVIBaHWe, Koraa nosiBniseTcs
«MPOrHO3 Ha MOMOMKY>», 6e3
MPWBA3KM K HOPMaTUBHO-TEX-
HUYECKUM U MPOEKTHBIM
TpeboBaHuaM. MNpeanKTBHoe
06CcnyX1BaHve y>xe ycneLLHo
peanuadyeTcs B 9HepreTuke, Ha
TpaHcMnopTe, B MPOMbILLIEHHO-
CTW, B HedpTerazoBowm oTpacnv,
B aBMaxkomnanusax. Cuctema
MOHWTOPWHIa 1 KOHTPONSA
doUKCHpPYET Ntobble OTKIOHE-
HVst B paboTe obopyanoBaHus

1 cucTem

Kpbinos [.C., Jlanugyc A.A.,
Cartbinaes A.B.

CosnaHne LUMdpoBbIX MHAOP-
MaLVOHHbBIX MOLIENen TUMOBbIX
MHOIOKBaPTUPHbIX OMOB

C NpUMeHeH1eM MofybHOro
nopxopa 1 énbnunotexkn TVIM-
KOMTMOHEHTOB CHIKAET CTOM-
MOCTb, MOBbILLIAET KAYECTBO

1 COKpaLLI@eT CPOKM BbIMOHe-
HVSE MPOEKTHBIX PaboT

Saiiuesa J1.U.
KoHuenTyanbHbIM MOaXOo4 K
OLIEHKE SKOHOMUYECKOW ado-
JPEKTVBHOCTI BHECYAEOHOrO
paspeLLEHNS CMOPOB OCHOBaH
Ha COOTHOLLIEHWM 3aTpaT Ha
cynebHble VI MpUMUPUTENbHbIE
npoLenypsb! (Takne kak Meau-
auus NpoekTa 1 BHecyaebHas
9KCMepT3a) C YHETOM TaKMX
daKTopOB, Kak pa3mep cyaed-
HbIX U3OEPXKEK, MPOAOIHKN-
TENbHOCTL pPa3bupaTenbCTBa,
NHANSLMOHHbBIE MPOLIECCHI,
0CcBOOOXKAEHWE OT yrnartbl
MOLLMMH 1 BO3BPAT CPEACTB,

a TaKkke TUM KOHTpaKTa
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SECTION 5: TECHNOLOGIES AND ORGANIZATION ACCENTS
OF CONSTRUCTION
Lapidus A.A., Adamtsevich L.A.
H Modern projects of complex development of
Krylov D.S., Lapidus A.A., Satylaev A.V. 57 territories are characterized by technological,
Improvement of the methodology for creating an architectural digital organizational and informational complex-
. . . . Oy . ity. Technological complexity is justified by
information model of a residential building using a modular approach he need to integrate heterngenaous systems,

ensure the safety, reliability and sustainability
of residential buildings and infrastructure facili-
ties. Organizational complexity arises due to
the increase in the number of participants in the
implementation of projects of complex develop-
ment of territories, and informational complexity
Zvonov |.A. 64 arises from the exponential growth of heteroge-
. . . : ey neous information volumes, as well as require-
The rgle of _funchonal requirements for university campus facilities ments for the speed of decision-making
in their design and operation Yankovsky A.V.

Urban planning concept acts as a document
confirming that redevelopment design solutions
contribute to achieving the goals of the current
urban policy. Each city develops development
plans, which are fixed in the urban planning

f [ documentation: master plans of cities in the me-
Rozhkov A.N., Galishnikova V.V. 70 dium-term planning horizon and the Master Plan

Digital Platform for Life Support Management: Topological Concept for the long term. The redevelopment projects
being developed should support the overall
direction of the city's development and con-
tribute to achieving targets for the quality of the
urban environment and the standard of living of
the population
Obukhov R.V.
Implementation in modern conditions of meth-
Lukinov V.A., Va|yaev A.O. 77 odological provisions and practical recom-
. i . . . mendations for the development of the theory
Application of the critical chain method as a way to reduce the time of competitiveness of construction enterprises
of construction project implementation Speio S Btg i elp e oG iEIEahs
cept of dynamic equilibrium of the internal and
external environment at the current, tactical and
strategic management level through modeling
the aggregate competitive potential for key suc-
cess factors in conditions of high uncertainty

Zvonov L.A., Dudnik A.P.
SECTION 6: DOMESTIC AND OVERSEAS EXPERIENCE Predictive maintenance is a complex method

of management of engineering networks and
equipment, which includes collection of infor-

Beliakov S.I SOlOVVOV A.A.. Remizov LR 83 mation on the state of equipment, its analysis

== = e and forecasting of failure dates of equipment
Analysis of current areas of project activity of development companies of diffe;_em 'eée,'s flof thet 205 o timetly
. . .. preparation and implementation of measures to
in the context of adaptation to crisis phenomena prevent failures in operation. In other words, it

is a service when a “breakdown forecast” ap-
pears, without reference to normative-technical
or design requirements. Predictive maintenance
has already been successfully implemented in
the power industry, transportation, industry, oil
and gas industry, and airlines. Monitoring and

SECTION 7: LEGAL AND SOCIAL ASPECTS control systems detect any deviations in the op-
eration of equipment and systems

Krylov D.S., Lapidus A.A., Satylaev A.V.

Orekhov G.V., Balabin Yu.A., Luzgin R.Yu., Fridovskaya E.P. 88 Creation of BIM models of typical residential
. o . buildings using a modular approach and a li-
Technical and regulatory aspects of establishing signs of emergency brary of TIM components reduces the time
BPH e : : required to complete design work, reduces
of apartm(_ent bundlngs within the framework of forensic construction cost and improves the quality of design work.
and technical expertlse Research methods: analysis, synthesis and
modeling
Zaytseva L.l

The conceptual approach to assessing the eco-
nomic efficiency of out-of-court dispute resolu-

Zaytseva L.l 96 tion is based on the ratio of the costs of litigation

. . .. and conciliatory procedures (such as project
Conceptual approach to assessing the economic efficiency mediation and out-of-court expertise), taking
of out-of-court settlement of construction disputes into account such factors as the amount of litiga-

tion fees, the duration of proceedings, inflation-
ary processes, fee exemptions and refund and
type of a contract
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Digital transformation of life cycle management
processes for residential and engineering
infrastructure facilities in complex development
of territories

Modern projects of complex development of territories are characterized by technological, organizational and in-
formational complexity. Technological challenges stem from the need to integrate heterogeneous systems while
ensuring safety, reliability and sustainability of residential buildings and infrastructure facilities. Organizational
complexity arises from the increasing number of participants in complex territory development projects, while in-
formation complexity results from exponentially growing volumes of heterogeneous data and requirements for
rapid decision-making.

In this regard, the issue of ensuring end-to-end life cycle management of objects and consistency of decisions for
the efficient use of resources is relevance.

The purpose of the research work is to analyze digital technologies for optimizing the life cycle management of
residential buildings and infrastructure facilities in projects of complex development of territories.

As part of the presented study, an analysis of publications was conducted, according to keywords defined by
the authors in the context of the topic under consideration. The international Scopus database served as the ba-
sis for forming specimens, according to keywords.

The analysis demonstrates that the introduction of digital twins, loT, Big Data, BIM and machine learning allows
achieving significant optimization in managing the life cycle of residential and engineering infrastructure facilities
in projects of complex development of territories. Digital transformation fundamentally changes the approach to
life cycle management, moving it from reactive to predictive and adaptive, which ensures the sustainability, relia-

bility and safety of objects, resource savings and improved quality of the urban environment.
Keywords: digital transformation, information modeling, digital twin, Internet of things, data analysis, artificial in-
telligence, life cycle of an object, sustainable development of territories

INTRODUCTION

odern projects of complex development of
M territories are characterized by technologi-

cal, organizational and informational com-
plexity. Technological complexity is justified by
the need to integrate heterogeneous systems, ensure
the safety, reliability and sustainability of residential
buildings and infrastructure facilities. Organizational
complexity arises due to the increase in the number
of participants in the implementation of projects of
complex development of territories, and information-
al complexity arises from the exponential growth of
heterogeneous information volumes, as well as re-
quirements for the speed of decision-making.

In these conditions, the issue of ensuring end-
to-end life cycle management becomes relevant
and critically important to ensure the continuity of
the project implementation process from the build-
ing design to its disposal, the consistency of deci-
sions at different stages of the life cycle, as well as
increasing the efficiency of resource use and ensur-
ing sustainable development.

Thus, the purpose of this study is to analyze dig-
ital technologies to optimize the life cycle manage-
ment of integrated territorial development projects.

MATERIALS AND METHODS

As part of the presented study, an analysis of
publications was conducted, by keywords defined
by the authors in the context of the topic under

consideration. The basis for forming specimens, by
keywords, was the international Scopus database.
In this case, the first specimen was formed by all
publications presented in the database, and the re-
maining ones for a period of 10 years from 2014 to
2024. The logic of forming specimens is described
below.

At the first stage, to identify key digital technolo-
gies in managing the life cycle of residential and
engineering infrastructure facilities in complex ter-
ritorial development projects, specimen 1 was for-
med, by keywords, life cycle, construction, Indus-
try 4.0. The cluster map of the relationship of
keywords is shown in the figure (Fig. 1) below.

From the figure, we can conclude that there is
a close connection between the life cycle of con-
struction projects and sustainable development,
Industry 4.0 technologies. A lot of attention is paid
to the issues of building materials and technologies,
considering their environmental friendliness.

At the same time, based on the initial analysis of
publications, the following technologies are seen as
key ones in the context of digital transformation of
the processes of managing the life cycle of residen-
tial and engineering infrastructure in complex terri-
torial development projects:

e BIM at all stages for creating, managing and
analyzing digital information about buildings
or infrastructure (specimen 2 — BIM + life cy-
cle);
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Fig. 1. Cluster map of the relationship of keywords of the formed specimen 1

e using digital twins to monitor and predict the state of an object
(specimen 3 — digital twins + buildings);

e implementation of loT and Big Data to manage the operation-
al characteristics of an object (specimen 4 — loT, Big Data +
+ construction);

e using Machine Learning to assess demand for infrastructure
(specimen 5 — machine learning + buildings).

Thus, at the next stage of the study, specimens 2-5 were col-
lected and analyzed, and the main aspects of the digital transfor-
mation of the life cycle management processes of construction
projects were identified.

At the same time, within the framework of this study, the life
cycle of a capital construction project, which includes residential
and engineering infrastructure facilities, is defined as the stages
regulated by CP 333.1325800.2020'. According to the document,
the life cycle of a capital construction project is the following time
periods:

1. Engineering surveys.

Architectural and construction design.
Construction.

Operation.

Reconstruction.

Major repairs.

Demolition.

. Disposal.

The specified structure is presented in the Fig. 2 and is a meth-
odological basis for the analysis of digital control technologies dur-
ing the existence of the facility.

The choice of this classification of life cycle stages is justified
by the fact that it includes all key stages from surveys to disposal,
and CP 3383.1325800.2020' is a current regulatory document in

©®NO oA ®N

T CP 333.1325800.2020. Information modeling in construction. Rules for the forma-
tion of an information model of objects at various stages of the life cycle.

« Engineering surveys

* Design

« Construction

* Operation

* Reconstruction

» Major repairs

* Disposal

——J L JL _J—I

) < < <L Q< ¢

Fig. 2. Stages of the life cycle of a construction project

the Russian Federation, developed for the application of information
modeling technologies.

To conduct a system analysis of the possibility of optimizing
the management of objects at all stages of their existence, consider-
ing digital tools, for each of these stages, management tasks, per-
formance indicators for the use of digital technology, as well as key
problems of digital transformation of processes will be identified.

RESULTS

Specimen Analysis 2 — BIM + life cycle

During the period under review, 2729 documents are displayed
in the Scopus database (Fig. 3). The dynamics of changes in
the number of publications by year are presented below, in addi-
tion, the trend line indicates a growing interest in life cycle manage-
ment issues using information modeling technologies. At the same
time, the leaders in publications are authors from China. The figure
shows the top 15 countries.

The analysis of specimen 2 allowed us to identify the main
areas of BIM application at the stages of the construction project
life cycle (Table 1).

#2/2025
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Fig. 3. Dynamics of changes in the number of publications for BIM + life cycle, top 15 countries by publications
Table 1. Application of BIM at the stages of the construction project life cycle
Life cycle stage Application area Examples Links
Design 3D visualization, coordination |+ creation of detailed digital models of residential buildings and infrastructure facilities; [1-4]
« automatic detection of collisions before construction begins
Calculations and analysis Optimization of structures considering loads and materials; calculation and analysis of energy
of parameters efficiency, illumination, acoustics, etc.
Construction Logistics and planning 4D BIM for work schedule optimization; 5D BIM for budget control, etc. [5]
Quality control Conducting a comparative analysis of the information model with the results of laser scanning
to identify deviations
Operation Asset Management - integrated use of BIM and CAFM (Computer-Aided Facility Management) systems; [6-8]
« access to communications via AR/VR for repairs
Predictive maintenance Monitoring the condition of structures through the integration of 1oT sensors
Disposal Dismantling and recycling - analysis of the information model for the selection of environmentally friendly waste [9,10]
disposal methods;
« calculation of volumes of materials for recycling
1,400 Norway [ 81
1262 Sweden mmm— 87
1,200 South Korea i 101
1,013 Netherlands 101
1,000 Canada . 107
800 France s 121
India M 123
600 Australia IE————— 138
- Russian Federarion 144
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-200 -
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0 100 200 300 400 500 600 700

Fig. 4. Dynamics of changes in the number of publications for Digital Twins + Buildings, top 15 countries by publications

The results obtained indicate that the use of information model-
ing technologies is considered in combination with digital twins,
machine learning methods, etc.

At the same time, the authors point out such positive aspects as
a reduction in costs by up to 20 % due to the minimization of errors,
as well as a reduction in time by 15-30 % due to the provision of
clear coordination of contractors [8, 11, 12].

Specimen Analysis 3 — Digital Twins + Buildings

During the period under review, 3,375 documents are displayed
in the Scopus database. The dynamics of changes in the number

of publications by year are presented below, in addition, the trend
line indicates a growing interest in the use of digital twins of build-
ings. At the same time, the leaders in publications are also authors
from China (Fig. 4).

An analysis of publications revealed that digital twins, which are
a copy of a physical object reflecting its condition and interaction
with the environment, in the context of life cycle management of
residential buildings and infrastructure facilities are used for:

e monitoring the condition of an object in real time, using loT

sensors measuring temperature, vibration, humidity, etc.;
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Table 2. Integrating digital twins with other technologies
Technology Appointment in the digital twin Links
BIM Base for 3D model and data [13-17]
loT Providing information in real time [18-19]
Big Data + Al Analysis and forecasting of the development of the object’s state [20-21]
Cloud Gomputing Storage and processing of data [22-23]
Table 3. Areas of application of loT and Big Data in construction
Direction Application Examples
Monitoring the state of the object | Using loT sensors to collect data Vibration, deformation and corrosion sensors in load-bearing structures
in real time Application of loT sensors in engineering systems | Sensors for measuring temperature, humidity, pressure in engineering
systems
Using Big Data for Analysis Equipment wear forecast
Optimization of energy Adaptive control systems Dynamic regulation of heating, lighting, air conditioning systems
consumption depending on weather conditions
Predictive maintenance Failure Prediction Using Machine Learning Models | Analysis of temperature and noise in equipment to justify spot repairs
based on sensor data
Security Management Providing comprehensive monitoring of fire safety, | Smoke detectors and cameras with computer vision models for open fire
access control analysis
e predicting emergency situations, wear and tears through in- and adaptive level, minimizing costs and increasing their energy
telligent data analysis using artificial intelligence; efficiency (Table 3) [20, 24-27].
e optimizing the operation of facilities by simulating various en- Specimen Analysis 5 — Machine Learning + Buildings
ergy consumption scenarios, analyzing the occupancy of During the period under rewe\{v, the Scopus dgtabase displays
premises — offices, hospitals, shopping centers, resource only 848 documents. The dynamics of changes in the number of
distribution, etc.: publications by year are presented below, in addition, the trend line
L . - ) ) indicates an increase in interest in the issue of using technology
e justifying decisions on modernization before implementing ) ) ) ) o
han throuah virtual verification of reconstruction under consideration. At the same time, the leaders in publications
,C anges _OUQH, ) ualveriication of reconstruction, assess- are authors from the United States (Fig. 5).
ng econom.lc efliciency. istic eff In this context, machine learning is used to assess the demand
At .the samg time, s.;e'veral \fvorll<s not? that the synerglstl.c effect for housing, transport and social infrastructure in complex territorial
of thelmtroductlon of dlglltal twins is achieved only through integra- development projects, which allows for optimized planning.
tion with Oth‘?r ‘techn.olog|es (Table 2?' . Based on historical census data, a machine learning model can
In fe_‘ct digital tW'“? make it P_st'ble to bridge the gap between predict population growth, migration, and therefore the need for
the design and operation of facilities. housing. The model can segment the market by solving the cluster-
Specimen Analysis 4 — loT, Big Data + construction ing problem and identifying the types of housing in demand.
This specimen reflects only 197 publications, which is gener- The load on transport infrastructure can be assessed by mod-
ally not much given the time interval under consideration. At eling traffic flows and planning new routes.
the same time, an analysis of current publications has shown that Algorithms can predict the congestion of roads and public
the oint use of loT and Big Data allows for the transfer of residential transport considering the density of buildings and pendulum migra-
buildings and infrastructure facilities management to a predictive tion routes, and graph neural networks, by analyzing the points of
Saudi Arabia 15
Russian Federation jmml 16
Greece 17
140
121 Morocco mmm 18
120 115 Spain . 25
102 99---" Australia [ 25
100 s B BB France [ 26
80 B 80 80 South Korea [ 28
61 - Canada [ 28
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Fig. 5. Dynamics of changes in the number of publications for Machine Learning + Buildings, top 15 countries by publications
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[ 2 Table 4. Directions for optimizing lifecycle management processes for residential and engineering infrastructure facilities in the context
of digital transformation

Result
Minimizing design errors

Reduce repair costs by predicting
failures

Effect
Budget cuts upto 20 %

Reduce operating costs by up to 35 % through smart
maintenance

Direction Technology
BIM + digital twins

loT + predictive analytics

Reducing construction and
operating costs

Optimization of logistics and budget | Reduction of construction time by up to 15 %

Reducing project implementation BIM

time Planning with Artificial Intelligence

Automatic budget allocation

Increasing reliability and safety Digital twins + loT

Monitoring of deformations,
corrosion, etc.

Increasing the service life of objects by 20-20 %

Machine learning

Analysis of emergency situations

Reducing the risk of accidents by up to 40 %

Energy efficiency and environmental
friendliness

Digital twins

Analysis of the applicability of green
solutions

Conformity Analysis LEED/BREAM

Algorithms based on artificial
intelligence

Setting up energy consumption

Reduce energy costs by up to 25 %

attraction of the population, can determine the locations for the de-
sign of public transport stops.

In addition, regression models can consider the birth rate and
age composition of the population, which will allow for a forecast of
the population's need for social infrastructure — schools, hospitals.

CONCLUSIONS

The analysis conducted revealed that digital transformation of
life cycle management processes for residential and engineering
infrastructure facilities in complex territorial development projects
through the introduction of digital twins, loT, Big Data, BIM, and
machine models will ensure optimization in the following areas
(Table 4).

Digital transformation of life cycle management processes for
residential and engineering infrastructure facilities in complex ter-
ritorial development projects changes reactive life cycle manage-
ment of facilities into predictive and adaptive management, ensur-
ing sustainability, reliability and safety of facilities.
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LincdpoBasa TpaHccopmaLusa npoLieccos
yrnpaBfieHNUsl XXM3HEHHbIM LIUKJIOM O6BHEKTOB
XXUIIOW U UHXXEHEPHOW UHPPACTPYKTYPbI

B NMPOeKTax KOMMJIEKCHOro pa3sBuTus
TeppuTopun

CoBpeMeHHble NPOEKTbl KOMMIEKCHOrO Pa3BUTUS TEPPUTOPUIA
XapakTepuaytoTca TEXHONOrMYECKOW, OPraHM3aLnoHHON U UH-
(hOPMaLIMOHHON CIIOXKHOCTbIO. TEXHONOMMHYECKUE BbI3OBbI BKIIHO-
YalT MHTEerpauuo pa3HOpPOOHbIX CUCTEM U 06ecneyeHmne yCTom-
YMBOCTU O6‘beKTOB, OopraHn3aunoHHbIX — MONHYH KoopanHauuo
YHaCTHUKOB MPOeKTa MMHMOPMaLIMOHHbIX — 06paboTKy 3HaYM-
TeJSIbHbIX 06bEMOB AaHHbIX B YCNOBUAX HEOGXOOMMOCTH Ore-
pPaTUBHOrO MPUHATUSA peLueHuin. B aTonceA3n ocobyo akTy-
anbHOCTb MMEET BOMPOCO6eCneyeHNs CKBO3HOroO ynpaBieHuns
XXWU3HEHHbIM LUWUKJIOM 06bLEKTOB N COrnacoBaHHOCTU pemeHvuZ
Ons 9 HEKTUBHOIO NCMONb30BaHUS PECYPCOB.

Llenbio nccnenoBaHnus sBAsieTCs aHanu3 LM@pPOBbIX TEXHOMO-
T 4Ns ONTUMU3aLUM YNPABIEHNS XUSHEHHBIM LIMKIIOM XMIIbIX
30aHuii U 06LEKTOB MHPPACTPYKTYPbI B MPOEKTaX KOMMIEKCHO-
ro pasBUTUS TEPPUTOPUIA.

B pamkax npeacTaBfieHHOro nccnefoBaHus NpoBeeH aHanus
ny6nnKaumi No KYeBbIM CrioBaM, onpeaeneHHbIM aBTopamu
B KOHTEKCTe paccmarpvsBaemon Tembl. Bason hopmmpoBaHus
BbIGOPOK MO KNIOYEBBLIM CoOBaM cTana mexpyHapoaHasa 6asa
Scopus.

[poBedeHHbIN aHann3 OEMOHCTPUPYET, YTO BHeApeHne uund-
POBbIX ABONHUKOB, |0T, BigData, BIM 1 MalLuMHHOro o6y4eHus no-
3BOJIAET AOCTMYb 3HAYUTENBHOW ONTUMU3aLMW MPY yNpaBieHun
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Urban design concepts creation for urban areas
redevelopment projects

Modern cities face high demands on the quality of the urban environment and building construction sector.
The paper is devoted to the development of urban planning concepts at the initial stage of the life cycle of any
construction object as the primary document substantiating the possibility of its implementing in real life. The re-
search question is how to organize the process of optimal and effective design solutions searching, taking into ac-
count the interests of all participants in the territory development project: developers, city authorities and the pop-
ulation in whose interests the territory is being developed. The analysis of the existing process of developing
an urban planning concept has been carried out, the goals and objectives of the document development have
been identified and systematized. The article highlights three main goals of any urban planning concept develop-
ing: as a tool for financial assessment of effectiveness, legal assessment of project feasibility, as well as a tool for
coordinating design solutions with urban development plans and the requirements imposed by the city to mod-
ern buildings. The article presents a functional model for the development of an urban planning concept, which
is aimed at effective coordination of the work of all participants in this process.

Keywords: urban planning concept, redevelopment, building, financial model of territory development, functional
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Alexander Vladimirovich,

rban redevelopment is an urgent area of ur-
U ban policy in many cities around the world

that are facing the consequences of urbaniza-
tion. The main problem is the search for optimal de-
sign solutions aimed at achieving the goal of sustain-
able urban development [1, 2]. In world practice,
considerable attention is paid to the issue of sub-
stantiating design solutions at the stage of develop-
ing urban planning concepts. This type of document
performs several important functions:

e function of officially coordinating visions for
the development of the city's territory by de-
velopers and city authorities;

e function of implementing solutions for sustain-
able urban development, which consists in
implementing the principles of environmental
safety, social comfort and economic efficien-
cy of the design solution;

e function of forming the architectural and ur-
ban appearance of the city.

Currently, special attention is being paid to
the quality of the urban environment. The national
program “Housing and a comfortable urban envi-
ronment”, which operates in the Russian Federation,
defines the formation of a comfortable and safe ur-
ban environment as a key goal.

Achieving the goal of improving the quality of
building in modern cities of the Russian Federation
lies in the field of integrated territorial development
and taking into account the range of factors of land
use, social security of the population, engineering,
transport services, and environmental safety re-
quirements. It is important to find optimal solutions
that take into account the interests of all participants
in the construction process — developers, city au-
thorities and various groups of the population [3, 4].

The solution of this complex task is carried out
at the stage of planning the life cycle of any con-
struction facility as part of the development of

an urban concept for the development of territories.
This document is developed at the pre-design
stage of building any territory and provides a justifi-
cation for choosing a further design solution [5-7].

The objectives of its development include ad-
dressing the following issues:

1. Coordination of the functional content of the de-
veloper's project proposals with the city authorities
in order to coordinate planned urban development
activities.

2. Approval of marginal parameters for the de-
velopment of territories and, if necessary, justifica-
tion for making changes to existing indicators.

3. Definition of the list of measures necessary
for the implementation of the project solution with
the division of financial obligations between the par-
ticipants in the process.

The tasks of developing an urban planning con-
cept include confirming the fact of full compliance
of the territorial development project with the current
legislation, as well as compliance with regulatory
requirements for the provision of social, transport
and engineering infrastructure [8, 9].

International experience emphasizes the need
for a systematic analysis of the life cycle processes
of a construction facility using modern methods of
functional and organizational modelling [10-12].

There are many risks at each stage of the life
cycle. The task of identifying and minimizing them is
especially relevant for the stage of development of
the urban development concept of territories, at
the stage of development of which the planned ef-
fectiveness of the project is laid [13-15].

Thus, the urban planning concept is the primary
document confirming the fact that design solutions,
on the one hand, ensure the national goal of creat-
ing a comfortable and safe urban environment, and
on the other hand, determine the effectiveness of its
implementation for the developer.

Senior lecturer at the Department
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State University of Civil Engineering
(National Research University)
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Moscow, 129337, Russian Federa-
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Fig. 1. Key tasks of urban planning concept for a territory redevelop-
ment

The purpose of the study was to study the specifics of the de-
velopment of an urban planning concept, taking into account
the specifics of Russian reality, the allocation of which will improve
the processes of building modern and sustainable cities.

The study allowed us to identify three main tasks of the urban
planning concept in the life cycle of a construction facility, shown in
Fig. 1.

1. Urban planning concept as a financial planning
document for the effectiveness of a redevelopment
project

The urban planning concept is being developed as part of
the process of evaluating the financial effectiveness of the redevel-
opment project (Table 1). The ultimate goal of developing this docu-
ment is precisely the financial assessment of the feasibility of
the project, which consists of the total cost of its development and
the planned income from its implementation. The cost of building
a territory consists of the sum of the costs of activities at the stages
of planning, design and construction.

2. Urban planning concept as a document of legal
regulation of the conditions of development
of the territory

At the stage of developing an urban planning concept, a pri-
mary legal assessment of a development site is carried out, which
is aimed at identifying the main legal risks associated with its devel-
opment. As practice shows, legal problems can arise at any stage
of the life cycle of a construction facility. At the same time, the con-
sequences of their occurrence can be severe, up to the point of
stopping construction, which leads to financial losses from the un-
realizability of the project.

Their timely identification and assessment is an important and
complex task.

These include the following main risk groups:

e property relations regarding the land plot, legality of owner-

ship rights, availability of easements;

Table 1. Initial data of the urban planning concept for a financial
model preparation

Life cycle stage The assessment aspect in the urban planning concept

« parameters of the planned development of the territory,
taking into account existing restrictions;

« requirements for functional content, taking into account
the existing conditions of provision of social, transport and
engineering infrastructure in the design area;

- encumbrances on the construction of additional infra-
structure

Planning

« assessment of the complexity of the design solution;
Projecting « requirements for the design solutions of the building area;
« special design conditions

- technical conditions for the organization of construction
production;
« technological complexity of construction

Building
construction

e existence of urban planning restrictions, the presence of
zones with special conditions for the use of territories, the re-
quirements of the rules of land use and development;

e environmental constraints in the area of the need to ensure
environmental safety and nature protection.

3. Urban planning concept as a document
for the implementation of the goals of planned
urban development

In this aspect, the urban planning concept acts as a document
confirming that redevelopment design solutions contribute to
achieving the goals of the current urban policy. Each city develops
development plans, which are fixed in the urban planning docu-
mentation — master plans of cities in the medium-term planning
horizon and the Master Plan for the long term. The redevelopment
projects being developed should support the overall direction of
the city's development and contribute to achieving targets for
the quality of the urban environment and the standard of living of
the population.

The evaluation of design solutions consists of several direc-
tions:

1. Improvement of the quality parameters of the urban envi-
ronment from the implementation of the redevelopment project.
The effect is estimated by improving the indicators of population
availability of various types of services, increasing the volume of
construction of residential, public, transport, engineering and other
types of infrastructure.

2. Ensuring the socio-economic impact of the redevelopment
project. The effect is estimated by the number of jobs, the planned
results of the project.

3. Inadmissibility of creating negative consequences of envi-
ronmental degradation from construction. The most common exam-
ples are the construction of residential buildings that are not pro-
vided with social facilities, increasing the passenger load on
the transport network and creating prerequisites for traffic conges-
tion or overloading existing engineering networks.

Fig. 2 shows the main areas of attention to the implementation
of urban quality indicators of the urban environment in the urban
planning concept of the redevelopment project. These include
the areas of social services for the population, the development of
transport and engineering schemes, and preliminary decisions on
the architectural and urban appearance of buildings.
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Fig. 2. Main areas of urban quality indicators consideration under the development of urban planning concepts

The designated objectives of the urban planning concept de-
velopment determine the standard composition of the documenta-
tion shown in Table 2. It includes three main blocks of information:

e block 1. Information about the existing use of the territory,

conditions of transport and engineering support;

e block 2. Information about the state of the territory in the zone

of influence of the redevelopment project;

e block 3. Information about the legal status of the territory and

the existing restrictions on its development;

e block 4. Project proposals for the redevelopment of the build-
ing site and planned technical and economic parameters of

development.

An important feature of the development of the urban planning
concept of the redevelopment project is the organization of the pro-

cess of its development, coordination and approval.

The complexity of the urban planning concept as a document
is determined by a large number of participants in this process,
whose main functions are described in Table 3.

The functional modelling of the process is shown in Fig. 3.
The process of developing an urban planning concept includes
three main stages:

1. Study of the building site.

2. Development of options for the development of a building
site. Building financial development models.

3. Selection of the development option, approval of the financial
model and its further coordination.

In conclusion, it should be noted that the urban planning con-
cept is the first document that is being developed for a building site
and defines its development. It plays an important role as a tool for
coordinating plans for the development of the territory by all par-
ticipants in the process: developers, city authorities and the popu-
lation. The key to the effectiveness of the project is an integrated
approach to analyzing existing data and building predictive

Table 2. The standard structure of the urban planning concept documentation

Information about the existing land use of the territo-
ry, conditions of its transport and engineering service

« building site plan;
« existing land use of the building site;
« the layout of the existing residential and non-residential facilities on the building site

Information about the state of the territory in the zone
of influence of the redevelopment project

Block 2

« layout of existing and planned social services and maintenance facilities within the limits of
regulatory territorial accessibility beyond the boundaries of the building site;
« calculations of the existing need for social and maintenance facilities for the building site

Information about the legal status of the territory and

Block 3 L L .
the existing restrictions on its development

« constitutive legal documents for Title documents for the building area land use;
« the boundaries layout of zones with special land use conditions on the building site;
« other documents of urban planning restrictions for the building site

Project proposals for the redevelopment of the build-
ing site and planned technical and economic parame-
ters of development

« the planned boundaries layout of the sustainable development of the building site and
allocation of its functional elements within the planning structure the building site;

« the layout of the proposed social and maintenance facilities;

« information about labor places allocation within the boundaries of project development;

« proposals for transportation services on the building site;

« proposals for the engineering support on the building site;

- activities aimed at creating comfortable and safe living conditions for the population
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p Table 3. Participants in the urban planning concept development process

Participant in the process of developing

. Operational tasks
an urban planning concept

« setting the goals for building site development;

The General Director of the project « acceptance conclusion on the building site development strategy;

« selection and approval of the recommended land use building site design project

- preparation of information on the technical possibilities of the building site development;

« development of land use planning design solutions, calculation of technical and economic indicators and the standard
output of square meters of valuable area;

« calculation of construction costs

Technical customer

« development of recommendations on the functional content of the building site based on marketing research;

Real Estate Agenc ) . .
gency « land use planning solutions scenarios development

« legal assessment of the building site

« initial assessment of the efficiency prospects for the development of the building site;

« financial assessment of development options for the building site

« decision-making process on further work with the development site based on the initial analysis of marketing research,
technical and legal assessment;

« acceptance conclusion on the building site development strategy;

« selection and approval of the recommended land use building site design project

Legal Department

Finance Department

Technical and Economic Council

Finance Technical and The General
: Legal Department
Technical customer | Real Estate Agency CE P Department Feomontic Cotimell Rt
2 = rwu.-mu:-
-T: Initial data = 1Mrmmllm: l’:::"'m
collection """”“ﬂ""“ pre Initial legal it
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Fig. 3. Functional modelling of the urban planning concept development process
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financial models of the life cycle of a construction facility. Thus,
the urban planning concept plays an important role in ensuring
the goal of sustainable urban development and achieving the tar-
gets of sectoral National projects of the Russian Federation.
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Oco6eHHOCTU pa3paboTKu
rpagocTpPoOUTEsNIbHOM KOHLienuuu
npu pepesenornveHTe ropoacknx
TeppuTopun

CoBpeMeHHble ropofa MpeabsBAsioT BbICOKME TpeboBaHMA
K Ka4yecTBYy ropofckor cpefpl 1 3acTporike. CtaTbs nocesiie-
Ha BOMpoCy pa3paboTKu rpafoCTPOUTENbHBIX KOHLEMNLUMIA Ha Ha-
YyanbHOM 3Tarne OCYyLLEeCTBEHUS XU3HEHHOrO LMKIa Nto60ro
CTPOUTENBbHOIO 06BbEKTA Kak MepBUYHOIO AOKYMEHTa 060CHOBa-
HUSi BO3MOXHOCTW peanun3aLuumn npoeKkTa ropofckon 3aCTPONKM.
VccnepoBaTenbCckuii BONPOC 3aKio4aeTcs B OpraHv3aummn npo-
Lecca noncka onTumarnbHbIX 3PdPeKTUBHbIX NPOEKTHbIX peLue-
HWIA C y4eTOM MHTEPECOB BCEX Y4ACTHWKOB NPOEKTa 3acTpon-
KW TeppuTopun: feBesionepos, BnacTe ropofga U HaceneHus,
B MHTEpecax KOTOPOro v NpoOUCXOAUT 3acTpolika TeppuTopuun.
lMpoBefeH aHanM3 cyLLEeCTBYIOLLEro npoLiecca pa3paboTku rpa-
JJ,OCTpOMTeﬂbHOVI KOHLenuun, BblaBJIEHbl U CUCTEMATU3NPOBAHDI
uenu n 3agayv pa3paboTky JoKyMeHTa. B ctatbe BblaeneHbl Tpu
OCHOBHbIe 3aJa4n pa3paboTKu rpagoCcTPOUTENbHON KOHLEMNLMN
KaK MHCTPyMeHTa (pMHAHCOBOM OLIEHKN 3(PDEKTUBHOCTM, Mpa-
BOBOW OLIEHKWN peanndyemocTu NMPoeKTa, a TakXe NHCTPYMEH-
Ta COracoBaHUA NMPOEKTHBIX PELUEHNA C FOPOACKUMM NnaHamu
pasBUTUA 1 TPe6OBaHNSAMM, NPeAbABASEMbIMU FOPOAOM K COB-
peMeHHOW 3acTponke. B ctaTbe npeacTtaBneHa yHKUMOHaNb-
Has Mofenb paspaboTKn rpafoCTPOUTENbHOr0 KOHLENLUN, Ko-
TOopas HaueneHa Ha apMeKTUBHYIO KoopAnHaLMio paboTbl BCEX
y4aCTHMKOB JaHHOro npotiecca.

KnroyeBblie cnoBa: rpafocTponTesibHas KOHUenyms, peaese-
JIONIMEHT, 3acTpouika, (hHaHcoBas Mofesib OCBOEHUS TeppUTOo-
pun, yHKMOHaIbHOE MOLENNPOBaHNe
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Ensuring competitiveness of enterprises
in the construction industry on the basis
of dynamic equilibrium concept

Relevance of research. Research shows that a special place in the modern turbulent economy is occupied by
the problems of developing the theory and practice of modelling the competitiveness of construction enterprises
from the standpoint of assessment and integrated management of both its current, medium-term, and strategic
competitiveness through a conceptual mechanism of dynamic equilibrium of the internal and external environ-
ment in conditions of uncertainty and risk.

!Z.'D

Purpose of the study. To substantiate methodological approaches to ensure the processes of assessing and -2
managing the competitiveness of construction enterprises based on the concept of dynamic equilibrium of the in-

ternal and external environment in conditions of risk and uncertainty through modelling the aggregate competi-

tive potential for key success factors.

Methods. A set of systemically interrelated methodological approaches based on both the theory of competitive- Obukhov

ness and the concept of dynamic equilibrium of economic systems was used. The methods of factor and trend
analysis, mathematical statistics, economic and mathematical modelling and forecasting, expert assessments,
uncertainty and risk theory, comparison, analysis and synthesis were also used.

Results and novelty. The article demonstrates the following main scientific results with elements of scientific
novelty: clarification of the conceptual category “competitiveness” with the definition of a set of system principles
for modelling and situational assessment of competitiveness using an indicative sector program; the concept of
dynamic equilibrium of competitiveness for construction enterprises in the areas of productivity and cost manage-
ment is modeled with the development of the conceptual category “uncertainty”. A generalized classification and
analysis of key success factors determining competitiveness based on the structuring of local potentials of invest-
ment, organizational, production, and financial and economic types has been performed; a methodological ap-
proach has been developed to determine calculated indicators of enterprise competitiveness; the main patterns
of change in key factors of competitiveness management at the operational, tactical, and strategic management
levels have been established using the example of Tunnel-2001 LLC's competitive profile.

Keywords: aggregate competitiveness, potential competitiveness, internal competitiveness assessment, man-
agement, construction company, uncertainty, dynamic equilibrium concept, internal environment, external envi-
ronment, key success factors
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INTRODUCTION

promising area of scientific and practical
Adevelopment of regional construction mar-

kets is the formation of competitive and high-
performance construction and economic systems.

The analysis of the national construction market
shows that the issue of competitiveness is espe-
cially relevant from the perspective of the modern
turbulent economy, which creates critical levels of
uncertainty for all enterprises of the construction
complex and generates increased risks of loss of
their competitiveness.

Most construction companies are characterized
by a problematic situation of significant risks of los-
ing their current operational competitiveness due to
significant threats to reduce their overall competitive
potential in the medium and strategic term.

The author's research shows that there are

A large number of scientific works by well-
known foreign and domestic economists are de-
voted to the issues of formation, assessment and
management of competitiveness of enterprises,
which affect both the meaning of the concept itself
and the methods of their quantitative and qualitative
assessment. Thus, Professor Kh.M. Gumba [1]
notes the importance of modelling the conceptual
foundations of the formation of sustainable com-
petitive advantages.

A significant contribution to the theory of com-
petitiveness was made by Professor |.G. Lukmano-
va, who thoroughly studied this topic from the per-
spective of construction industry enterprises [2],
customer orientation as a reserve for increasing
competitiveness [3], in the context of the develop-
ment of self-regulation processes [4], as well as in
the framework of competitiveness analysis from
the perspective of ensuring strategic advantages of

gaps between the current and potential compe-
titiveness of a construction company in a highly
uncertain business environment. An increase in
the key interest rate, inflation, adjustments to gov-
ernment procurement conditions, continued sanc-
tions, insufficient staffing, low direct investment in
the renovation of fixed assets, etc. have a significant
impact on dynamic changes in the external environ-
ment.

the enterprise [5].

A study by Prof. N.Yu. Yaskova, V.I. Sarchenko
and S.A. Khirevich, who predict the horizons of
competitiveness of the national economy [6], model
an integrated approach to the formation of a high-
quality competitive urban environment [7].

Noteworthy are the author's studies on the com-
petitiveness of development companies by S.M. Bo-
rozdina, PhD in Economics, in which she models
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the conceptual mechanisms of enterprise competitiveness in
the construction industry and marketing strategies [8].

Some issues in the field of modelling the competitiveness of
construction organizations were considered by Professor P.G. Gra-
bovyy [9], including the issues of risks and uncertainty [10], as well
as Prof. A.N. Larionov and Prof. V.A. Kosheev [11].

A number of authors, such as Kh.M. Gumba, S.S. Uvarova,
S.V. Belyaeva, etc., explore the topical issues of forming the con-
cept of systemic competitiveness of construction in the digital
economy [12]. D.N. Silka analyzed the factors of business activity
that determine the competitiveness of construction [13], and
K.A. Babenchuk — competitiveness management of the regional
housing market in Samara [14].

A number of studies on the competitiveness of regional busi-
ness systems and leading companies in the primary market, con-
ducted under the guidance of Prof. S.A. Baronin [15, 16].

The review analysis shows that despite significant research in
this area, a very relevant problem of the development of the theory
and practice of modelling the competitive potential of construction
enterprises from the perspective of applying the concept of dynam-
ic equilibrium of the internal and external environment in conditions
of uncertainty of a turbulent economy remains unresolved.

In this regard, recent research in the field of modelling the dy-
namic equilibrium of economic systems by such authors as
G.A. Batishchev, M.I. Zhuravleva [17, 18], as well as M.S. Melnik
on the structural and dynamic equilibrium of socio-economic sys-
tems [19] and O.E. Kichigin [20] on the dynamic equilibrium of re-
gional and corporate structures of the fuel and energy complex. But
at the same time, the problem of applying the concept of dynamic
equilibrium to the theory of competitiveness of construction enter-
prises is not investigated and is open.

Also, an additional analysis of research in the field of regional
economics shows that a research approach is becoming more
widespread, where risk theory does not dominate, but is signifi-
cantly complemented by uncertainty theory.

Most researchers interpret the concept of economic uncertain-
ty according to F. Knight sees the uncertainty of the future outcome
of the event, as well as its poor predictability due to the inability to
predict it based on current information. The translation of the funda-
mental work “Risk, Uncertainty and Profit” [21] by the American
economist Frank Heineman Knight, first published in Russian in
2003, made it possible to identify uncertainty as a decisive factor
in the emergence of the phenomenon of entrepreneurial profit.

The problem of uncertainty is manifested in various studies
of scientists. The research of A.K. Orlov in terms of forecasting
the cost of basic building materials in conditions of uncertainty de-
serves attention [22].

D.A. Petrova in his work also suggests assessing the level of
uncertainty of economic policy [23]. When modelling the processes
of assessing the competitive advantages of construction enterpris-
es, as R.V. Obukhov points out [24], it is also necessary to take into
account uncertainty when analyzing the factor space.

It is also important to take into account both the theory of life
cycles in construction [25] and the concept of sustainable develop-
ment of territories and green construction [26, 27], eco-oriented de-
velopment [28] and the model of harmonization of construction [29].

Thus, the conducted review analysis confirmed the relevance of
research on the issues of ensuring the competitiveness of enter-
prises in the construction industry based on the concept of dy-
namic equilibrium and the theory of uncertainty in a turbulent eco-
nomy.

The problem under study allowed us to formulate a scientific
hypothesis of the study. It consists in the assumption that the imple-
mentation in modern conditions of methodological provisions and
practical recommendations for the development of the theory of
competitiveness of construction enterprises is possible through
the application of the concept of dynamic equilibrium of the internal
and external environment at the current, tactical and strategic man-
agement level through modelling the aggregate competitive poten-
tial for key success factors in conditions of high uncertainty.

Construction companies operating as a competitive business
environment in a turbulent economy, increased risks and uncer-
tainty are accepted as the object of research.

The subject of the research is the category of competitiveness
of a construction company and the key success factors that form
the overall competitive potential at the operational, tactical and stra-
tegic management levels.

The purpose of the study is to substantiate methodological ap-
proaches and practical recommendations for ensuring the com-
petitiveness of construction enterprises based on the concept of
dynamic balance of the internal and external environment in condi-
tions of risk and uncertainty through modelling the aggregate com-
petitive potential for key success factors at the strategic, tactical
and operational management levels.

METHODOLOGY

At the methodological stage of the research, the following set of
methodological developments was carried out:

First, the conceptual category “fotal competitiveness” of a con-
struction company is defined. It is understood as the integral and
sustainable ability of investment, organizational, production, and fi-
nancial and economic potentials, considered as key success fac-
tors, to make high-performance use of all types of production and
economic resources while ensuring compliance with industry
standards and principles of competition with major competitors and
a business leader at the operational, tactical, and strategic man-
agement levels, provided that uncertainties and risks of the internal
and external environment.

Secondly, a theoretical approach has been developed to deter-
mine the methodological foundations for modelling indicators of
aggregate competitiveness (C,), based on the following principles
of indicative modelling:

e the formation of three local types of competitive potential as
the basis for the indicator assessment of C;: investment — Z;;
organizational and production — Z,; financial and econom-
ic — Z5, which determine the aggregate (total) potential of Z;

the principle of modelling local competitive potentials based
on the identification and analysis of key success factors (KSF)
as the main determinants or goals of C; in the framework of
the functioning of Z,—Z; in the areas of performance and cost
management. Initially, experts selected 60 factors as the ba-
sis of the KSF study. Then, during the expert survey, the final
significant factor space of KSF was formed from 25 factors
with the coefficients of their weight o, and the weight of local
potentials A;

the principle of ensuring compliance of KSF indicators with
industry-specific production and economic norms and stand-
ards. This determines the modelling of the internal competi-
tiveness of the operational type — C,, as well as the possible
managerial C; in the presence of an internal corporate plan-
ning and controlling system for this indicator — C,;
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e the principle of competition (competitiveness) with the main
competitors through the level of compliance of KSF indicators
of the analyzed enterprise with the indicators of the main
competitors. This determines the modelling of the potential
competitiveness of the tactical type — Cr;

the principle of competition with the main business leader
within the framework of the benchmarking concept is through
the level of compliance of KSF indicators of the analyzed en-
terprise with the indicators of the industry business leader.
This determines the modelling of potential competitiveness of
a strategic or reference type — Cg;

the principle of distinguishing internal C; at the operational
level and external potential at the tactical and strategic (refer-
ence) level;

the principle of modelling the total (general) competitiveness
Cg of a joint venture as an integral indicator depending on
the indices of operational, tactical and strategic C;;

the principle of preferential stability for an average type of en-
terprise according to indicators of operational C; and worse
indicators at the current and strategic level;

the principle of the need to identify gaps between the current
operational, tactical and strategic C;, ensuring their minimiza-
tion and management stabilization through the use of the con-
cept of dynamic balance of the internal and external environ-
ment;

the principle of ensuring dynamic equilibrium of Q; and V; as
a conceptual basis for the management stabilization of C; in
conditions of uncertainty and risk according to significant in-
dicators of KSF.

Thirdly, the author's research [30, 31] allowed us to propose
the following understanding of the conceptual category of the dy-
namic equilibrium concept (DR,_,), which should be understood as
a theoretical approach to modelling the abilities of development
systems to consistently identify, to restore and stabilize the losses
of lost competitiveness to an acceptable level by ensuring a con-
tinuous dynamic balance of the external and internal environment
through performance and cost management based on key success
factors in conditions of constant uncertainty and risks.

Fourth, methodological modelling of the indicators of the total
(general) competitiveness Cg through two subsystems has been
carried out:

e internal — C,: operational type, based on the principle of
comparability of actual C; indicators with industry standards
or internal corporate standards (C,,); managerial type (Cy)),
based on the principle of comparability of actual C; indicators
with their planned indicators;

e external or potential — Cp, as an ability to compete with
a competitive business environment (CBS) and with key busi-
ness leaders. The following indicators are used to calculate
the competitiveness potential;

e tactical competitiveness — Cy, as a comparability with the main
competitors at KBS;

e strategic (reference) competitiveness Cg, as a comparability
with an industry leader within the framework of the bench-
marking concept.

The performed studies also allowed us to determine the calcu-

lation formulas of formulas and indicators of C,, taking into account
the weight of X; in subsystems Z,-Z; in the factor space KSF.

RESULTS OF THE STUDY

Nomogram of the dynamic equilibrium of construction
enterprises in terms of aggregate competitiveness
in the areas of productivity and cost management

To implement the accepted theoretical approach, a nomogram
of the dynamic equilibrium of construction enterprises for overall
competitiveness in the areas of performance management (P, R)
and cost management (V,, C) was developed for various levels of
uncertainty W; and five areas of dynamic equilibrium fromD,, to D,
shown in Fig. 1.

P,
V, =f(P) . P =£(C)
V(1) Q Py(1)
1T = I
8 Py(2)
gl
g Py(3)
(¢
5 1
S P
] 1
K
B
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Wl R(D,) CoD ... %Y Dy
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Fig. 1. Nomogram of the dynamic equilibrium of construction
enterprises for overall competitiveness in the areas of perfor-
mance management (P, R) and cost management (V,, C) was
developed for various levels of uncertainty W, and five areas of
dynamic equilibrium from D, to D,

Where C — invested capital (own and borrowed);
V, — business value;
P,— labour productivity;
R — company revenue;
V, = f(P;) — the function of changing the value of a business
depending on P;;
P, = f(C) — the function of changing labour productivity de-
pending on C;
D, Dy, D,, Dy, D, — zones of dynamic equilibrium of
the enterprise in terms of general competitiveness Cg re-
spectively, the absolute Cyz(D,,), stable C4(Dy,), average
Cs(D,). satisfactory C(Dy) and critical level Cg(D,,);
Wy 5, Wy 4, Wy 5, Wy », Wy ;— areas of uncertainty and risks of
competitiveness of enterprises are absolute, discrete, range,
critical and total uncertainty, respectively.

Definition of the conceptual category uncertainty,
its classification analysis and levels of its modelling

It is proposed to understand the uncertainty W; in relation to C4
as the ability of construction enterprises to uncontrollably increase
their instability in terms of competitiveness indicators up to a crisis
state. W, also provides for: the presence of a high intensity of
changes in the external and internal environment; unpredictability,

>
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randomness, unreliability and incompleteness of information; un-
predictability and non-derivability of a reliable new competitive
state from a previously known retrospective period; the presence of
deliberate counteraction factors leading to a loss of competitive-
ness of a construction company, up to its liquidation.

The following classification of uncertainty is proposed accord-
ing to the following criteria: the external environment of the enter-
prise (W,); the internal environment of enterprises (W,); the subject
of management (W;); the object of management (W,); the target
effectiveness of management (5th kind — W;); the balance of
the internal and external environment (Wj); the choice of alterna-
tives and their multiplicity (W,); according to the state of the system
relative to its “ideal” competitiveness parameters (corporate stand-
ards, industry standards, standards of leaders, harmonic ideals)
(Ws); according to the levels of uncertainty (W,).

Within the framework of modelling uncertainty of the 9th kind of
type Wy, it is proposed to identify the following levels of modelling:

First level of uncertainty W, ; — “full certainty of the sustain-
ability of the construction company”. The interval — 1.00. It as-
sumes hypothetical complete or deterministic certainty in a predict-
able, stable and highly stable external and internal environment
with a high level of adaptation and flexibility to rare and small
changes.

Second level of uncertainty W, , — “discrete uncertainty of
the sustainable development of a construction company with mini-
mal uncertainty”. The range is from 1.00 to 0.85. It is characterized
by the presence of a number of separate local discrete situations of
depreciation of current competitive advantages with the ability to
determine the probability of their occurrence and the ability to pre-
dict scenarios for the formation of innovative strategic competitive
advantages with minimal risks.

Third level of uncertainty W, ; — “range uncertainty of
the sustainable development of a construction company C; with
the maximum allowable uncertainty”. The range is from 0.84 to 0.51.
When frequently recurring discrete situations of increasing uncer-
tainty turn into a stable and continuous manifestation in certain time
ranges, the level of uncertainty in the internal and external environ-
ment of the enterprise is transformed into a range uncertainty.

Fourth level of uncertainty W, , — “critical uncertainty of
the sustainable development of a construction company with unac-
ceptable critical uncertainty”. The range is from 0.50 to 0.25. In this
case, a further increase in entropy in uncertainty will lead to its
transformation to an unacceptably critical level. This determines
the transition to anti-crisis strategies aimed at two alternatives: by
moving to zone W 5 or to the liquidation zone.

Fifth level of uncertainty W, — “complete uncertainty of
the sustainable development of the construction company in terms
of competitiveness and its transition to liquidation”. The range is
from 0.24 to 0. This determines the possibility of implementing only
one alternative strategic scenario — the liquidation of the enterprise
with the development of optimal liquidation strategies with its maxi-
mum liquid value.

The controlled zones should include discrete, range, and criti-
cal.

Analysis of key success factors in modelling local
competitive potentials of a construction company

The developed principles of C research provide for the model-
ling of the factor space based on KSF. Initially, experts selected
60 factors distributed by types of competitive potentials Z,—-Z5 as
the KSF research base. Then, during the expert survey, the final

significant factor space KSF was formed from 25 factors with the co-
efficients of their weight o; and the weight of local potentials A.
The final results of the study are shown in Table.

The study of the main patterns of transformation of local
competitive potentials at the operational, tactical and
strategic levels of management

The scientific result of the study is in the form of the main pat-
terns of transformation of local competitive potentials at the opera-
tional, tactical and strategic management levels using the example
of six companies in the Moscow underground construction market:
Tunnel-2001 (the main analyzed enterprise); SMU No. 1; SMU
No. 6; SMU No. 8; Tunnel Detachment No. 6 and SMU No. 12 for
the analyzed period 2019-2023. At the same time, two types of
economic trends have been identified:

Firstly, patterns of change in the average indicators of the ac-
tual KSF indicators for local competitive potentials over a five-year
period have been obtained in the form of a sector diagram shown
in Fig. 2.

The sectorogram shows the following values of local compe-
titive potentials at the operational level — 0.937; at the tactical
level — 0.904; at the strategic level — 0.719.

Secondly, the main patterns of change in the actual indicators
of local competitive potentials Z,—Z; by the main KSF,; factors at
the operational (0), tactical () and strategic (s) levels are deter-
mined in the form of a diagram shown in Fig. 3.

The main patterns of transformation of local competitive poten-
tials Z,-Z5 according to the main KSF factors over a five-year period
are: a high stable level of internal operational competitiveness at
an average level of 0.937; a significant level of tactical competitive-
ness with an average level of 0.904. In some cases, the indicators
are greater than one, which forms tactical leadership zones, shown
as y; (in 2019) and y, (in 2022). At the same time, the values of
Z,-Z5 at the operational and tactical levels are always at a high
level of discrete uncertainty in the W, , zone; the presence of a con-
sistently low level of strategic (reference) competitiveness of local
potentials from 0.630 to 0.790 with an average level of 0.719.

All values of Z, ,,—Z5 ,, for the analyzed five-year period are in

lav “3.av
the range of uncertainty W ,.

Z

1.00 Z,,=0920

\  Zi,=0808

Tactical level Operational level

Strategic level

Zy,, = 0.940
Z,, =0.940

Z
1.00 1.00
Fig. 2. A model of the sectorogram of actual competitiveness in-

dicators for local competitive potentials Z,, Z, and Z; for “Tun-
nel-2001” LLC based on average indicators for 2019-2023
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The final significant KSF factor space for the three types of compelitive potential Z~Z5 and its weight by X; and subsystems

Key X; at the oper- | Key X; at the tacti- | Key X; at the strate-
Key factor ational level K; cal level K; gic level K;

+/— | Weight of o, | +/— | Weight of ; | +/- | Weight of o

1. Investment potential (Z;) — L= 0.5

X Business value - - + 0.45 + 0.45
X, Market share size - - + 0.3 + 0.45
X, Return on equity + 0.2 + 0.1 - -
Xs | Return on borrowed capital + 0.3 + 0.05 - -
Xs Return on investment capital + 0.4 + 0.1 + 0.1
X; Return on production capital + 0.05 - - - -
Xg Return on working capital 0.05 - - - -
2. Organizational and production potential (Z,) — A,=0.3
Xis Labour productivity + 0.60 + 0.40 + 0.20
Xi4 | The level of concentration of production by volume of construction works - - + 0.10 + 0.10
Xy | Fundreturn + 0.40 - - - -
Xig | The level of diversification of production activities - - + 0.05 - 0.10
Xi9 | The level of application of digitalization and high—tech - - + 0.20 + 0.20
X4 Construction works, the degree of participation in government orders and national projects | - - + 0.20 + 0.30
Xou Labour potential (average number of employees) + - + 0.05 + 0.10

3. Financial and economic potential (Z3) — k3= 0.2

Xy | The ratio of borrowed and own funds - - + 0.15 + 0.15
X,7 | Maneuverability of own funds + 0.1 - - _ -
X,s | Provision of material reserves with own working capital - - + 0.15 + 0.15
Xog Financial stability ¥ 0.3 + 0.2 ¥ 0.2
Xy | Current liquidity + 0.25 - _ _ _
Xay Promising liquidity - - - - n 0.3
X5, | Fast liquidity - - n 0.2 _ _
Xy, | Availability of own funds + 0.15 - — _ _
X5 Ability to restore solvency + 0.2 - - _ _
Xs3 | Probability of bankruptcy according to the Taffler model - - + 0.3 + 0.2
1.10
Los 1.07 '& 1.05
1.00 L 2 Wy 0.??
Discreteun
0.95 Zy,0=0.937 certainty
W9.4
.842,“_‘ =0.9050
0.81 Range

uncertainty

—_—

0.78 Wo3

0.79

Zos=0.719

0.67 0.69

0.65 0.64

0.60 0.63
2019 2020 2021 2022 2023

Fig. 3. Trends in the local competitive potentials of Z,-Z5 by CFU factors at the operational (0), tactical (t) and strategic (s) management >
levels of “Tunnel-2001” LLC in 1999-2023



#2 /2025

MexayHapoaHbI HayYHO-TEXHUHECKUI XYypHan

HeoBmX1UMOCTb: SKOHOMMUKA, ynpaeneHune

JKOHOMMKA N MEHEAXMEHT HEABMXXUMOCTH

24
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................................................................ discrete
uncertainty
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W3
0.8 Range
uncertainty
--------- zone
0.75
0.7

2019

2020

2022 2023

Fig. 4. The main trends in the internal (C,), prospective (Cp) and general (Cz) competitiveness of Tunnel-2001 LLC in 2019-2023 in relation

to the uncertainty zones Wy 53 and Wy 4

Analysis of the main trends in the internal, prospective
and overall competitiveness of “Tunnel-2001” LLC
for 2019-2023 in relation to areas of uncertainty

The approbation of the author's methodology using the exam-
ple of the competitive profile of “Tunnel-2001” LLC made it possible
to determine the main trends in changes in C;, Cp and Cg; for 2019—
2023 in relation to the level of uncertainty W; shown in Fig. 4. The
actual patterns of change in C; are approximated by linear trends.

It was found that the overall competitiveness Cg of the enter-
prise during the analyzed period moved from the range W, 5 to
the zone of discrete uncertainty Wgy ,. This demonstrates the suc-
cess of the sustainable competitive development of “Tunnel-2001”
LLC in 2019-2023. At the same time, internal competitiveness is
consistently high at an average level of 0.9306 and is located in
the W, , zone. At the same time, the potential competitiveness Cp
over the analyzed period remained in the zone of uncertainty and
risks Wy 5 and is in the range from 0.746 to 0.797 (Fig. 4).

DISCUSSION

Undoubtedly, an attempt to synthesize an indicator of the over-
all competitiveness of a construction organization based on
the principles of dynamic equilibrium in conditions of uncertainty is
of scientific and practical interest. But at the same time, when solv-
ing the task, a number of controversial issues should be noted.

First, it is necessary to model the processes of ensuring the dy-
namic competitiveness of construction enterprises, taking into
account industry specifics. For example, both underground, resi-
dential or industrial construction, as well as other segments of
the commodity construction market, require consideration of their
specifics. This will undoubtedly require an adjustment of the author's
methodology.

Secondly, the methodology of aggregate competitiveness re-
quires its development from the standpoint of modelling the life cy-
cles of both aggregate and local types of competitiveness of a con-
struction enterprise in the system of internal corporate management.

Thirdly, it is quite obvious that there is a need for additional
development of the scientific and practical foundations of state
policy in the field of bidding, tenders and auctions when selecting
contractors as part of the implementation of government orders in
accordance with federal law 44-FZ, taking into account indicators

of aggregate competitiveness according to the author's methodol-
ogy.

Fourth, it is important to provide a methodological calculation
apparatus for competitiveness with its focus on digital information
modelling technologies.

Fifth, the methodology for assessing and managing the dynamic
competitiveness of construction enterprises should have a manda-
tory element at the final calculation stage in the form of determining
specific effects and effectiveness by ensuring an increase of Cg.

The above-mentioned number of controversial issues of
the methodology should be attributed not so much to the disadvan-
tages, but mainly to the prospects for its development.

CONCLUSIONS

The research carried out on the studied issues actualizes re-
search on the development of the theory of competitiveness of con-
struction enterprises based on the concept of dynamic equilibrium
through modelling the aggregate competitive potential for key suc-
cess factors in conditions of uncertainty and risk.

The non-trivial research field is formed due to the importance of
developing exploratory scientific research in the field of applying
the concept of dynamic equilibria in the areas of productivity and
cost management relative to the competitiveness of a construction
company in a turbulent economy and increased uncertainty of
the internal and external business environment in terms of factor
space in the form of KSF.

The author's methodological framework for ensuring the com-
petitiveness of a construction company provides for comprehen-
sive C; modelling. and its approbation using the example of “Tun-
nel-2001 LLC” for 2019-2023 with the receipt of individual
scientific results: a nomogram of dynamic equilibrium; a concep-
tual definition of the uncertainty category, its classification analysis
and allocation of modelling levels; analysis of key success factors
in modelling local competitive potentials. The study of the main
patterns of transformation of local competitive potentials at the op-
erational, tactical and strategic management levels; the analysis of
the main trends in internal, prospective and overall competitiveness
in relation to areas of uncertainty.

The author identifies controversial issues and promising re-
search directions for ensuring the overall competitiveness of con-
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struction enterprises based on the KSF dynamic equilibrium con-
cept in conditions of uncertainty and risk in a turbulent economy.
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O6ecneyeHne KOHKYPEeHTOCNOCOGHOCTH
npepnpuaTUA CTPOUTESNIbHOM OTpacnu
Ha OCHOBE KOHLUEeNuuu AUHaM1U4ecKoro
paBHOBecus

AKTyanbHOCTb UccnefoBaHus. iccnegosannsa nokasbiBatoT,
4TO 0Cc060€ MECTO 3aHMMaeT B COBPEMEHHOW TypOyneHTHOW
3KOHOMUKeE npobnemaTvika pasBuTua TEOPUM U MPaKTUKN Mofe-
NMPOBaHUS KOHKYPEHTHOCTUCTPOUTENbHBIX NPEANPUATUIA C NO-
3V OLIEHKW U MHTErpanbHOro ynpasieHns Kak ero TeKyLlen,
CpeaHecpo4HON, TaK 1 CTpaTern4eckon KOHKYPEeHTOCNOCO6HO-
CTbIO Yepe3 KOHLeNTyanbHbI MeXaHn3M AMHaMUYECKOro pas-
HOBEeCUsi BHYTPEHHEW 1 BHELLHeN cpefbl B YCNOBUSX Heonpeae-
NEHHOCTU 1 pUCKa.

Llenb uccnepgoeanus. O60CHOBaHWE METOOMYECKMX MOAXOA0B
no o6ecrneyeHunto NPOLECCOB OLIEHKM U YMPaBIIEHUS! KOHKYPEHTO-
CMOCOGHOCTLIO CTPOUTENBbHBIX NMPEANPUATHAIA HA OCHOBE KOHLEN-
LMK AMHAMWYEeCKOro paBHOBECUSI BHYTPEHHEN 1 BHELUHe cpefbl
B YCIIOBUSAX pUCKa MU HEonpeOeeHHOCTM Yepes ModeNMpoBaHme
COBOKYMHOIO KOHKYPEHTHOrO MoTeHLmana no KnoyYeBbiM ak-
TopaM ycnexa.

MeToabl. icnonb3oBasncsa KOMMIEKC CUCTEMHO B3aUMOCBSA3aH-
HbIX METOAMYECKNX MOAXOA0B, OCHOBaHHbIX KakK Ha TEOPUMN KOH-
KYPEHTOCMOCOOBHOCTH, Tak N Ha KOHLIENUUN AMHAMUYECKOro paB-
HOBECUSI SKOHOMUYECKNX cUCTEM. [pUMEHANNCE Takxke MeToAbI
(PaKTOPHOro M TPEHAOBOrO aHanusa, MaTeMaTU4YeCcKon cTaTu-
CTVIKM, 9KOHOMMKO-MaTEMaTUHECKOrO MOAENMPOBAHUS U MPOrHO-
3MPOBaHUA, SKCMEPTHbLIX OLEHOK, TEOPMU HeonpeneneHHOCTH
1 PUCKOB, CPaBHEHUS, aHann3a v CMHTe3a.

Pe3ynbTaThl M HOBM3Ha. B cTatbe NPoAEeMOHCTPUPOBaHbI crie-
LYIOLLME OCHOBHbIE Hay4Hble pe3ysnbTaTbl C ANIEMEHTaMU Ha-
YHHOW HOBW3HbI: YTOYHEHME MOHATUMHOWN KaTeropum «KOHKY-
PEHTOCMOCOBHOCTb» C ONPEAESIeHNEM KOMIIIeKCa CUCTEMHBIX
NPUHLMMNOB MO MOAENNPOBAHMIO N CUTYaLMOHHOW OLIEHKE KOHKY-
PEHTOCMOCOBHOCTM C UCMONb30BAHNEM UHAMKATUBHOW CEKTOPO-
rpaMMbl; CMOJeNMpoBaHa KOHLEeNuMsa AMHaM1M4eckoro paBHoBe-
CUSi KOHKYPEHTOCMOCOBHOCTU A1 CTPOUTENBHOrO NPEANPUATUIA
Nno HanpaBfeHUsM yrnpaBfieHns NPOU3BOANTENbHOCTLIO U CTO-
VMOCTbIO C pa3paboTKOn NMOHATUMHOM KaTeropun «Heonpege-
NEHHOCTb»; BbIMOSIHEHA 06006LLeHHas Knaccudukaums u aHanua
KI0YeBbIX PaKTOPOB ycnexa, onpeaenstoLmMx KOHKYPeHTOCno-
COBHOCTb Ha OCHOBE CTPYKTYpu3auun fnokanbHbIX NoTeHuma-
NOB MHBECTULMOHHOIO, OPraHM3aLUMOHHO-NMPOM3BOACTBEHHOIO
1 (PpUHAHCOBO-3KOHOMUYECKOro TUNa;paspaboTaH meToam4ye-
CKMWIA NOAXopA MO ONpefeneHnto pacyeTHbIX MHAMKATOPOB KOHKY-
PEHTOCNOCOBHOCTU NPEANPUATUA; YCTAaHOBIIEHbI OCHOBHbIE 3a-
KOHOMEPHOCTU U3MEHEHNS KNIOYEBLIX (DAKTOPOB yrnpaBieHns
KOHKYPEHTOCNOCOOHOCTbIO HA OMepaLMoHHOM, TaKTU4ECKOM
N CTpaTerm4yeckoM YpoBHAX yrnpaBneHnsHa NpUMepe KOHKYpPEeH-
THoro npocuna OO0 «ToHHenb-2001».

Knro4yeBble cioBa: COBOKYIMHAs KOHKYPEHTOCMOCOGHOCTb, M0-
TeHUMasibHasi KOHKYPeHTOCNOCOGHOCTb, BHYTPEHHSISI KOHKYPEH-
TOCMOCOGHOCTb, OLeHKa, ynpaBrieHne, CTPOUTENIbHOE Mpes-
npusTne, HeornpeaeneHHOCTb, KOHUenuus AUHaMU4ecKoro
paBHOBECHSs, BHYTPEHHSISI cpeda, BHELUHsIs cpeda, Klo4HeBble
akTopsl ycriexa
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any economically developed countries of
M the world implement state or municipal

programmes for the renewal of urban
housing stock due to their significant physical and
moral deterioration, as well as to address social
problems' [1, 2]. The authorities are forced to de-
molish residential buildings in areas of compact
residence of practically unemployed population (mi-
grants and poor citizens who do not want to work
and live on the allowances of the state and public
organizations), who themselves have brought house
buildings into disrepair because they did not pay for
housing and communal services [3, 4]. Residents of
dilapidated housing and ghetto houses are relo-
cated to new comfortable houses, as a rule, free of
charge, and the compact living of migrants and
the poor in new buildings and their non-payment of
housing and utility bills are not allowed, so that
the very revival of ghetto districts does not repeat
itself. In developed countries, urban housing stock
is renovated for two main reasons:

e due to significant physical and moral deterio-

ration of residential buildings;

e for the elimination of ghetto slums for the pur-

pose of social integration.

In Russia, the renewal of the urban housing
stock is carried out only for the first main reason —
because of the obsolescence of apartment build-
ings built before 1975, mainly panel two-five-story
buildings, for which the normative terms of

' Renovation Waves for Europe. A Renovation Ware for Europe.
European Commision. URL: https://energy.ec.europa.eu/topics/ener-
gy-efficiency/energy-efficient-buildings/renovation-wave_en

their operation of 50-75 years have expired or are
expiring. The housing stock of the Russian Federa-
tion is being renovated through new construction of
apartment buildings and individual residential con-
struction; new construction of apartment buildings
to replace the demolition of emergency and dilapi-
dated housing; reconstruction, modernization and
major repairs of the existing urban stock.

MATERIALS AND METHODS

The most developed countries carry out the re-
newal of urban housing stock in the format of imple-
mentation of specialized national, regional or mu-
nicipal programs for urban renewal of the living
environment of their citizens?. Western theory and
practice of real estate management distinguish four
types of programs for renewal of physically and
morally obsolete urban housing stock:

e carrying out major repairs of residential build-
ings without changing their functional pur-
pose and parameters. As a result, the physi-
cal deterioration of houses is reduced. Capital
repair programs are implemented at the ex-
pense of the owners of premises in apartment
buildings and have the form of simple renewal
of the housing stock;

e renovation of residential buildings as a set
of projects for renovation and modernization
of existing residential buildings and infrastruc-
ture without changing their functional purpose

2 Samoilov E.K., Rumyantseva A.V. European and Russian ap-
proaches to the renovation of residential areas. Ekaterinburg, UrFU,
2021; 249-254. URI: https://elar.urfu.ru/handle/10995/97901 (rus.).
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and architectural appearance (insulation of facades, walls
and roofs of residential buildings, full or partial replacement of
communications and engineering equipment, improvement
of adjacent territories, etc.). Urban renovation programs can
represent simple or narrowed forms of housing renewal, car-
ried out through major repairs and modernization (reduction
of moral deterioration of residential buildings) and infrastruc-
ture facilities with improvement of energy efficiency of build-
ings (primarily apartment buildings);

redevelopment of residential and industrial zones of urban
development. These programs are carried out through demo-
lition of physically and morally obsolete residential buildings,
non-functioning industrial buildings and infrastructure faci-
lites with subsequent construction of new more energy-
efficient apartment buildings, buildings and structures in their
place or adjacent territories, as well as reconstruction of some
real estate. When reconstructing buildings, it is possible to
preserve or replace their functional purpose. Redevelopment
is an extended form of renewal of the housing stock;
revitalization of the urban environment is a comprehensive
revitalization and renewal of entire urban areas. Implementa-
tion of housing stock revitalization programs radically im-
proves the condition of urban areas (significantly reduces not
only the physical and moral deterioration of buildings, but
also their economic deterioration) and the entire urban plan-
ning complex, and increases the level of comfort of living con-
ditions for the population. Basically, it is an extended form of
renewal of the housing stock.

In the Russian legislation there are no clear definitions of
the above terms, which has caused some confusion in the names
of domestic programs for the renewal of the housing stock. For
example, a number of Russian scientists understand renovation as
the process of demolition of physically and morally obsolete real
estate objects and construction of new objects in their place or
nearby based on modern technologies and consumer stand-
ards [5]. In the Program of renovation of residential development of
Moscow. Moscow under renovation is understood as “a set
of measures aimed at renewing the living environment and creating
favorable living conditions for citizens, public space in order to pre-
vent the growth of emergency housing stock in Moscow, to ensure
the development of residential areas and their improvement”. Ac-
cording to the Western methodology, the Moscow renovation pro-
gram is mainly a program of residential redevelopment or revitaliza-
tion of the urban environment. It is the implementation of projects of
integrated development of territories, redevelopment of urban de-
velopment (former industrial zones and residential neighborhoods
built up in 1957-1968), as well as projects for reconstruction, mod-
ernization, restoration of individual buildings — objects of cultural
heritage with their possible re-profiling. The regional programs of
capital repair of the general property of apartment buildings operat-
ing throughout the country are, according to the Western methodol-
ogy and in essence, programs of renovation of the housing stock,
as in addition to traditional works (overhaul of building elements and
engineering communications and equipment, elevator facilities), it
is mandatory to carry out works to improve the energy efficiency of
apartment buildings. The most important problem in the implem-
entation of regional programs on housing stock renovation is
the attraction of budgetary and non-budgetary funds for financing

3 The Status of the Capital of the Russian Federation : Law of the Russian Federa-
tion from 15.04.1993 No. 4802-1.

projects on resettlement of residents, demolition of outdated apart-
ment buildings and construction of new housing in their place.
Abroad, in developed countries, such programs are implemented
in a centralized manner in accordance with national programs by
specialized government agencies at the expense of budget (mu-
nicipal) funds. In Russia, similar programs can be implemented
only in a few economically developed regions that have budget sur-
pluses, and the majority of the Russian Federation subjects are un-
able to implement renovation projects (redevelopment according to
Western methodology) of their housing stock due to the lack of fi-
nancial resources. Therefore, it is possible to relocate citizens living
in the housing stock built before 1975 in these regions only with
the allocation of federal funds, and for this purpose it is necessary
to adopt appropriate laws and a federal target program for the next
15 years (2026—-2040) on the demolition of dilapidated housing with
a total area of about 273 million m?#4 and the construction of new
energy-efficient and comfortable housing with a total area of about
360 million m? in their place. The exception is the programs of ur-
ban environment revitalization (in domestic practice they are desig-
nated as housing stock renovation programs), which are imple-
mented in the format of highly profitable projects for the integrated
development of territories, usually in the central districts of cities.
Such projects for the integrated development of territories attract
investors and are implemented at the expense of private invest-
ment®.

RESULTS

Renovation programs (according to Western methodology —
redevelopment) of housing in the constituent entities of the Russian
Federation are social projects to obtain new housing on preferential
terms, mainly for low-income citizens, through their free resettle-
ment under exchange agreements from pre-demolition (dilapidat-
ed) and emergency houses to new houses, with the area of new
apartments larger than the old ones. Resettled citizens will not pay
the difference between the market value of new and old apart-
ments, and also have the right to purchase an additional area (an-
other dwelling) at a discount®. Part of the apartments, parking spac-
es and non-residential premises on the first floors in the apartment
buildings built under the renovation are to be sold on the market
and, accordingly, there will be income to the budget under the ren-
ovation program. Therefore, it is possible to plan the amounts of
revenues (R) and expenses (E) from the implementation of the pro-
gram for the regional budget, as well as the level of negative profit-
ability (NR) of the social program by the following formula:

NR = (R — E)/P - 100 %, (1)

where the numerator reflects the planned budget expenditures
and revenues from the sale of non-residential premises, car spaces
and part of the apartments (as additional housing for citizens be-
ing resettled) in the built houses, and the denominator reflects
the planned budget expenditures on the implementation of the pro-
gram.

4 Natalia Gustova. The volume of outdated housing in Russia will increase sharply.
What does this mean. RBC-Real Estate. 2023. URL: https://realty.rbc.ru/news/650d30fb9a
7947a57708783d?from=copy (rus.).

5 Amending the Town Planning Code of the Russian Federation and Certain Legisla-

tive Acts of the Russian Federation in order to Ensure the Integrated Development of Terri-
tories : Federal Law No. 494-FZ dated 30.12.2020.

¢ The Program of Housing Fund Renovation in Moscow : Resolution of the Moscow
City Government dated 01.08.2017 No. 497-PP.
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[ 2 It is proposed to classify Russian programs on renewal of
the urban housing stock by the format of their organization and im-
plementation into:

e regional address programs on resettlement of citizens from

the emergency housing stock’;

e regional programs of capital repair of the housing stock with

modernization of houses?;

e regional programs and/or municipal projects of redevelop-

ment of industrial territories?®;

e regional or municipal programs of renovation (redevelop-

ment) of residential buildings;

e regional, municipal or private projects of integrated territorial

development (revitalization of city districts).

Implementation of overhaul programs with modernization of
apartment buildings allows qualitative renewal of the city's housing
stock, increasing the remaining physical and economic (the length
of time of profitable use of real estate) life of these buildings. These
programs represent simple or narrowed forms of residential real
estate renewal.

Redevelopment projects of industrial territories of urban space
consist in demolition of unused buildings and structures in indus-
trial zones and construction of residential neighborhoods in their
place. Thus, the expanded renewal of the housing stock is realized.

DISCUSSION

The essence of regional residential renovation programs is
the demolition of dilapidated housing (standard class) and the con-
struction of new modern apartment buildings (comfort class) in their
place with the resettlement of residents in new buildings under ex-
change agreements. Such activity of developers at the expense of
budget funds is redevelopment of residential areas of the residential
zone of cities. Moreover, the total area of apartments in new buildings
of the capital is about 1.32 more than in outdated houses. Resi-
dents who are relocated do not pay for the increase in the area of
new apartments, as well as the difference in the market value
of a new apartment in a comfort-class house and an old standard-
class one, which is a violation of the terms of the exchange agree-
ment. According to the terms of the exchange contract, when ex-
changing real estate objects, one of the parties to the transaction
(resettled citizens) must compensate for the difference in prices™. As
a result, the construction of the house and, accordingly, the apart-
ments in the new apartment building, is financed at 50-70 % of their
market value, at the expense of budget funds. According to the terms
of the Moscow renovation program, new apartments for relocated
citizens are considered to be their private property. In fact, the new
apartment buildings will be built or have already been built at the ex-
pense of budget funds and funds of the resettled citizens and, in
essence, are common property of the resettled citizens and the re-
gion, i.e. private-public property or shared ownership in the total cost
of the apartment (if it is possible to determine the share of each own-
er-co-investor). In the total cost of a new apartment, the citizen's
share will be on average 40 %, and the share of the subject of
the federation will be 60 %. According to the country's legislation,

7 The Housing and Utility Sector Reform Assistance Fund : Federal Law No. 185-FZ
dated 21.07.2007.

8 The Regional Program of Capital Repair of the Common Property in MFB on
the Territory of the City of Moscow : Resolution of the Moscow City Government dated
29.12.2014.

¢ Measures for the Implementation of Non-residential Development CRT Projects in
the City of Moscow : Resolution of the Moscow City Government No. 331-PP dated
23.03.2021.

19 Civil Code of the Russian Federation. Chapter 31: “Mena”.

honored people, orphans and some categories of disabled people
have the right to free housing. The vast majority of citizens being re-
located do not have any merits and therefore they should not enjoy
benefits when receiving a new apartment under renovation.
The share of state or municipal property (S,,) in the total cost of a new
apartment can be determined using the formula:

S, =(V,-V,)- 100 %/V,, (2)

where V,, ;) — the market value of the new (demolished) apartment
under the exchange agreement as of the date of the agreement.

The introduction of the term of public-private ownership and
the size of shares of a citizen and the state (municipality) in the total
cost of an apartment received under renovation will contribute to
compliance with the basics of the market pricing mechanism by all
participants in housing relations. Otherwise, all homeowners who
bought residential premises on the primary or secondary market (in
houses with little wear and tear) for 100 % of their market value, in-
cluding mortgages for payment terms of up to 30 years, will con-
sider themselves cheated by developers and banks. They did not
have to work hard, save on all expenses of the family budget for
10-30 years, but simply exchange to move to live in an obsolete
apartment building and wait for state benefits at a low-paid job.
Implementation of such programs will stimulate low labor activity of
the working population. Housing stock renovation programs refer to
the extended form of housing renewal. In Russia, projects for the re-
vitalization of the urban environment should include projects of in-
tegrated territorial development (ITD), mainly in the central districts
of major and large cities. In accordance with ITD projects, residen-
tial neighborhoods, public, commercial and business centers, land-
scape and recreational areas and the entire infrastructure of
the central districts of cities will be qualitatively renewed by means
of new construction of real estate objects to replace obsolete ones;
major repairs of buildings with their modernization; restoration and
reconstruction of cultural heritage objects and landscaping objects.
The result of ITD projects, usually financed by private investment,
will be a reduction in the physical, moral and economic deteriora-
tion of residential buildings and an increase in their comfort and
energy efficiency. All forms of housing stock renewal are possible
in the implementation of ITD projects.

CONCLUSIONS

It is recommended to classify urban housing stock develop-

ment programs according to the following indicators, reflecting:

e sources of financing investments into: budgetary (fully social
programs); private (commercial programs); mixed sources of
financing in the format of public-private partnership or munic-
ipal-private partnership (partially social programs);

e the structure of the program (S,,,,) for the renewal of the hous-
ing stock, characterizing the size of the total areas of various
forms of housing renewal and their shares in the volume of
the program: construction of new apartment buildings to re-
place demolished dilapidated and emergency housing (S,
P.n); construction of new apartment buildings on the site of
former industrial zones (S,,, P,); volumes of reconstruction
and restoration (S, P,); volumes of capital repair with mod-
ernization of housing (Sg/m, Pim)-

The total area of the program should be calculated as the sum

of areas of houses belonging to different forms of renewal of
the housing stock:

S

prog =

Sren + Srd + Srr + Sq/m' (3)
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Program structure is the Proportion of shares of different forms
of housing renewal, calculated as a percentage:

Prent Prgt P+ Py =100 %; (4)

e density of construction in new city neighborhoods before
the demolition of obsolete buildings and after the implemen-
tation of the program;

e the number of residents to be relocated from demolished
standard-class houses to new comfort-class or standard-
class houses;

e the value of the coefficient of expanded renewal of housing
stock for resettled residents (C,,). It is calculated as the ratio
of the total areas of apartments in built houses (S,) and de-
molished houses (S,) according to the formula:

C,.=S,/S.: (5)

e method of payment for the difference in the market value of
apartments — free of charge; free of charge, but with payment
for the extra area of the new apartment compared to the old
one; paid — the entire amount of the increase in the value of
the new apartment is paid.

Knaccudukaumsa nporpamm
Nno BOCNPOU3BOACTBY FOPOACKOro
XunuwHoro coHpa

B ctatbe paccmoTpeHa npobsiema knaccudgukalmm nporpaMmm
N MPOEKTOB MO PasBUTUIO XUMULLHOro doHpa. lNMpreeperHa
KnaccuurKkauma nNpoeKToB Mo YNyHLIEHNIO XWUIOA 3aCTPON-
KN 1 KOMMNEKCHOMY OBGHOBIIEHUIO LiefbIX FTOPOACKMUX PaNOHOB.
B nccnepoBaHmm paccMOTPEHbI MOHATUS «PeHOBALIMS XXWUITON 3a-
CTPOVIKM», «PefeBeNloNMEHT NMPOM3BOACTBEHHBLIX 30H ropoaa»,
«peBuTann3aumsa ropofcKkUx pamnoHoB» B COOTBETCTBUM C 3anaf-
HOW 1 POCCUMCKOW METOLOMOrNAMU. YKa3aHbl raBHble MPUYUHbI
OBGHOBMEHNs U pocTa XunuwHoro goHga B Poccun n 3a py6e-
XKOM, MpoaHanuM3vpoBaHa B3anMOCBA3b MeXAy hopmaTomM npo-
rpamMmbl yyHLLIEHWUS XXUTON 3aCTPOVKM 1 hOPMOI BOCMPOU3BOA-
cTBa XunuwiHoro goHpa. NposefeHo ncecnefoBaHne ycrnosui
npefocTaBieHNs HOBOrO XWUJbs MO MOCKOBCKOM nMporpamme pe-
HOBaLWKW, OTMEYeHbl AUCKYCCUOHHbIE BOMPOCHI MO COBIIOAEHUIO
nonoxenui 'K PO no npoueccy hopMMpoOBaHNS FaBHbIX MyH-
KTOB [OrOBOpa MeHbl (06MeHa) CTapon KBapTMpbl Ha HOBYIO. AB-
TOp OTMEYaET, YTO BaXKHeNLLEeNn NpobnemMon B fene peannsauyum
nporpamMm BOCMPOU3BOACTBA XWITOW 3aCTPONKMN ABNAETCA NOUCK
MNCTOYHMKOB (DMHAHCMPOBAHMA KanuTasbHbIX BIOXeHUN. B 3a-
BVCMMOCTM OT UCTOYHMKOB (PUHAHCMPOBaHWUA NMporpammel (Npo-
eKTa) npegnaraeTca Ux knaccuduumpoBaTtb Ha coumanbHble,
4aCTMYHO coumarnbHble UM KoMMepyeckue. B pabote copmy-
IMPOBaH BbIBOA, O pa3paboTke HaLMOHaNbHOM NPOrpaMMbl PEHO-
BaLN NN peaeBenonMeHTe ropoACKON XXMUON 3aCTPOVKM (pai-
OHOB, 3aCTPOEHHbIX NaHeNbHbIMXU AOMaMU U APYIYMU BETXMMMU
1 aBapviHbIMK JOMamMu, MOCTPOEHHbIMM B0 1975 r.) Bo BCex pe-
rMoHax cTpaHbl Ha nepuop 2026—2040 rr. 3a c4eT cpeacTs de-
OepasnbHOro 1 pervoHarnbHbIX 6104XeToB. YC0BUS pacceneHns
HaceneHvs 1 NPefoCTaBNEeHNs XMOro NOMeLLLeHNs Mo AOroBo-
Py MEHbI KaXXAbl PerMoH 6yaeT pellarb CaMoCTOATENbHO. Tak-
Xe Ha YCMOTpEeHue pervoHa BbIHOCATCA BOMPOCHI NpefocTaB-
NIeHNSA NbroT OTAENbHbIM KaTeropusiM paccensiemMbix rpaxaaH,
onpefeneHns NNoTHOCTN HOBOW XXWUITON 3aCTPOMNKMK, Krnacca KOM-
(POPTHOCTN U 3HEPTrOIPIPEKTUBHOCTU HOBBIX MHOFOKBAPTUPHBIX
XWnbIX [OMOB.

Krnro4yeBble cnioBa: (hopMbi BOCIIPOU3BOL[CTBA XUITNLLHOIO (hOH-
Aa, KanuTtasbHbIVi PEMOHT, PEeHOBaLUs, PeeBesIoNMeHT, peBnTa-
TIM3auunsi XNIou 3aCTPOVIKU

REFERENCES

1. Kosareva N. How does renovation take place in the USA and
Germany? Arguments and Facts. 2017; 26. URL: https.//aif.ru/dont-
knows/actual/kak_proishodit_renovaciya_v_ssha_i_germanii?utm_
referrer=mirtesen.ru (rus.).

2. Korotkova E. Khrushchevki in the USA: how Americans built so-
cial housing. RBC Real Estate. Foreign Real Estate. 01.08.2013.
URL: http://realty.rbc.ru/articles/01/08/2013/562949988319340.
shtml (rus.).

3. Nikitenko S.N. Foreign experience of housing stock renovation.
Discussion. Journal of scientific publications on economics. 2024,
124(3):35-40. DOI: 10.46320/2077-7639-2024-3-124-35-40. EDN
CTAEAU. (rus.).

4. Balukhina N.V., Dolgov A.V., Gibadulina A.R. Three cases:
the French experience of restoration of modernist residential neigh-
borhoods. Academic Bulletin of Uralniiproekt RAASN. 2019, 3:
41-46. DOI: 10.25628/UNIIP.2019.42.3.008 (rus.).

5. Grabovyy P.G., Lapidus A.A. Construction management. Part 1.

Organizational management models and contract structures of

a capital construction project : study in 2 parts. Moscow, ASV,
2022; 484. (rus.).

CIMMNCOK NCTOYHUKOB

1. KocapeBa H. Kak npovcxognt peHoBauus B CLUA v lepmarimn? //
AprymeHTbl u ¢hakTbl. 2017. Ne 26. URL: https://aif.ru/dontknows/
actual/kak_proishodit_renovaciya_v_ssha_i_germanii?utm_referrer=

mirtesen.ru

2. Koportkosa E. XpyLésku B CLLIA: kKak CTpOUIN COLPKUITbE aMepu-
kaHUbl. PBK-HegswxumocTs. 3apybexHas HeaBmKUMOCTb. ABrycT
2013. URL: http//realty.rbc.rw/articles/01/08/2013/562949988319340.
shtml

3. HukuteHko C.H. 3apy6exxHbivi OrbIT peHOBaLn XXUTULLIHOMO GhOH-
Aa // Anckyceus. XXypHan Hay4YHbIX rny6mKaLmi no SKOHOMUKE.
2024.T. 124. Ne 3. C. 35-40. DOI: 10.46320/2077-7639-2024-3-124-
35-40. EDN CTAEAU.

4. banyxvHa H.B., fJonros A.B., [nbagynuHa A.P. Tpu kevica: copaH-
Liy3CKW¥ OMbIT BOCCTAHOBJIEHNSI MOLBEPHUCTCKUX XXWITbIX KBAPTAsI0B //
Akagemunydeckmii BecTHuK YpanHuinpoekt PAACH. 2019. Ne 3.
C. 41-46. DOI: 10.25628/UNIIP.2019.42.3.008

5. [pa6osbwi 1.I"., Jlarmpyc A.A. YripasneHue cTpoutesibcTeom. Y. 1.
OpraHn3aunoHHbIe MOAENN Yrpas/ieH!si U KOHTPaKTHbIE KOHCTPYK-
Lunm 0O6bEKTa KanuTasibHOro CTPOUTENbCTBA : y4. B 2-X YacTax. M. :
ACB, 2022. 484 c.

06 aBtopax: JlykmHoB Butanui AnekcaHppoBUY — [OKTOP
9KOHOMUYECKMX HayK, Npodeccop kadeppbl OCYH; HaumoHanb-
HbIW uccnepoBaTeNlbCKUW MOCKOBCKUM FOCYAapCTBEHHbIN
cTpouTenbHbIA yHUBepcutet (HUY MICY); 129337, r. Mockaa,
flpocnasckoe Lwocce, . 26; SPIN-kog: 7999-3575, AuthorlD:
690308, Scopus AuthorlD: 57190407564, WoS ResearcherID:
AAE-8836-2022, ORCID: 0000-0001-9544-3522; LukinovVA@
gic.mgsu.ru;

KupnuyeHkoB AHgpein AHppeeBuY — acnvpaHT; HauvoHanb-
HbIi MccnepoBaTeNbCKUW MOCKOBCKMI FoCyAapCTBEHHbIN
cTpouTtenbHbi yHuBepcutet (HUY MICY); 129337, r. Mockaa,
flpocnasckoe Locce, A. 26; SPIN-koa: 2155-3825, ORCID: 0000-
0003-0291-6015; andrey.kirpichenkov @ mail.ru.

For citation: Lukinov V.A., Kirpichenkov A.A. Classification of
programs for renewal of the urban housing stock. Real Estate:
Economics, Management. 2025; 2:28-31.

Ona uutuposanus: JlykmHoB B.A., KuprinderHkoB A.A. Classifi-
cation of programs for renewal of the urban housing stock //
HepBmxumocTb: 3koHoMMKa, ynpaeneHue. 2025. Ne 2. C. 28-31.

>



#2 /2025

MexayHapoaHbI HayYHO-TEXHUHECKUI XYypHan

HeoBmX1UMOCTb: SKOHOMMUKA, ynpaeneHune

TPAROPETYNINPOBAHME U VNIPABJIEHUE XUHULLHO-KOMMYHAJbHBIM KOMIJIEKCOM

32

ubC 711.4

Korostelev Yu.S.

Korostelev

Yuri Sergeevich,
postgraduate student;

State University of Land Use
Planning; 15 Kazakova st., Moscow,
105064, Russian Federation;
ORCID: 0009-0000-2846-1886;
korostelevis@mail.ru

Value assessment in integrated territorial
development projects

The article discusses the important problem of distinguishing and taking into account the concepts of cost and
value in the process of implementing integrated territorial development (ITD) projects. The traditional approach
to evaluating such projects often focuses solely on the economic cost, which can lead to ignoring other equally
significant aspects that affect the quality of the urban environment. This paper substantiates the need to expand
the assessment, including the multifaceted aspects of value, encompassing social, environmental, cultural and
aesthetic factors. Special attention is paid to the role of the state-owned ITD operator as a potential represent-
ative of the long-term interests and values of future generations. New approaches to the assessment and inte-
gration of various aspects of value using qualimetric analysis and generative neural networks are proposed.
These methods can be implemented in decision-making processes, which will take into account the interests of
all stakeholders and create a more sustainable and comfortable urban environment. Thus, this study highlights
the importance of an integrated approach to the evaluation of ITD projects.

Keywords: integrated development of territories, cost, value, qualimetry, neural networks, stakeholders, sus-

tainable development, state ITD operator

are a powerful tool for transforming urban space,

aimed at creating a comfortable, sustainable
and economically prosperous environment. ITD has
become the main tool of urban planning due to its
ability to solve complex problems of territorial devel-
opment, attract investments and improve the quality
of life of the population.

However, the traditional approach to the imple-
mentation of ITD often focuses primarily on the eco-
nomic component, namely on the cost and capital-
ization of projects, understood as the cost of their
implementation. Such an approach, focused on
measurable financial indicators, can lead to over-
looking other equally important aspects that deter-
mine the quality of the urban environment and
the well-being of its inhabitants.

In the monograph [1], all existing methods for
evaluating the effectiveness of ITD projects (the Mos-
cow methodology, the methodology of Institute of
City Economics, the ITD standard, etc.) are ana-
lyzed and an unambiguous conclusion is made that
all of them are based solely on the concept of
the most efficient use (MEU) and are focused on
increasing the cost and profit from projects for indi-
vidual participants. In the same work, a different ap-
proach to the implementation of ITD projects is pro-
posed, which is based on the concept of rational
and most efficient use (RMEU) [2]. This concept is
typical for the theory and practice of land manage-
ment, but is not applied or very rarely used by de-
velopers and urban planners. The concept is based
on the concept of the value of the territory, not its
value. Unlike the cost, the value of the territory must
take into account such important aspects as social
factors, environmental factors, cultural factors, aes-
thetic factors, etc. The lack of explicit consideration
of these factors may lead to the fact that the proj-
ects of ITD, recognized as effective from the point
of view of current methods, will have negative

I ntegrated Territorial Development (ITD) projects

consequences for the social, ecological and cul-
tural value of the territory.

The problem of valuing was first fundamentally
investigated in the famous work of Sarah Seis and
her colleagues from the Kingston University School
“Real estate appraisal: from value to worth” [3],
which states that when evaluating real estate, worth
in the broadest sense of the word should be taken
into account.

In [1], this idea was continued in relation to ur-
banized territories and their development projects,
which should not be limited to financial indicators
and should include a whole range of non-monetary
aspects that are significant for various stakeholders
(stakeholders) and for future generations.

Cost in the economic sense is often reduced to
the market value of real estate for typical market play-
ers' [4-8]. Value, in contrast to value, is a broader
and more multifaceted concept [3, 4]. The value is
subjective and can vary significantly for different
stakeholders. In addition to residents, developers,
municipal authorities, the business community, and
future generations, they may also include, for ex-
ample, tourists, investors, public organizations, en-
vironmental activists, representatives of cultural
communities, and other stakeholders and groups
whose interests may be affected by ITD projects.

In order to ensure a truly sustainable develop-
ment of territories, taking into account the interests
of future generations [6], through ITD, it is neces-
sary to shift the focus from exclusively economic
value to consideration of multifaceted value. This
approach requires a comprehensive analysis of all
the factors affecting the value of the territory and
consideration of the interests of all stakeholders.

' Korostelev S.P. Theory and practice of economic measure-
ments in real estate. LitRes. 2023. URL: https://www.litres.ru/book/
sergey-pavlovich-kor/teoriya-i-praktika-ekonomicheskih-izmereniy-v-
nedvizh-68845437 / (accessed: 11/21/2023).
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Combining the different values of stakeholders into a single
integral indicator is a complex task that requires taking into account
different points of view and using methods such as multi-criteria
analysis and weighting. The difficulty lies in the fact that different
groups of stakeholders may have different, sometimes contradic-
tory, ideas about the value of the territory. For example, maximizing
profits may be a priority for developers, while preserving green
areas and cultural heritage sites is more important for local resi-
dents [9, 10].

In this context, a special role, as indicated in [4], can be played
by the recently introduced state operator of ITD (SO ITD) into the ur-
ban planning process. Acting as a representative of the state and
a guarantor of the rational use of land for future generations, the op-
erator can ensure that long-term values are taken into account,
which may not fully reflect the short-term economic interests of de-
velopers. However, in order to effectively fulfill this role, the operator
must have not only the authority, but also the appropriate method-
ological framework and the necessary methods for assessing
the value of territories. These methodologies should take into ac-
count the long-term impacts of the implementation of ITD projects,
including changes in the environmental, social and economic
spheres.

The analysis carried out in [1] showed that it is not possible
to make a correct assessment of the value of the territory using
economic measurement tools [4]. For this procedure, it is neces-
sary to apply quantitative quality assessment methods, in particu-
lar, qualimetry methods.

Qualimetry, as a scientific discipline dealing with the quantita-
tive assessment of quality [11-13], can serve as a methodological
basis for assessing various aspects of the value of an urban area
within the framework of ITD projects. Applied to urban areas, qual-
imetry allows:

e to translate the qualitative characteristics of the territory into

quantitative indicators;

e to create a hierarchical system of quality indicators;

e to develop mathematical models for a comprehensive as-
sessment of the territory;

e t0 ensure the objectivity and comparability of the evaluation
results.

Qualimetry, as a science, was formed back in the 60s of the last
century, its developer and active guide to the practice of measure-
ments was Prof. G.G. Azgaldov®. However, the theory of qualimetry
has not become widespread. First of all, because of the complexity
of conducting research.

To develop a Quality Assessment Methodology (QAM) based
on the methodology of Prof. G.G. Azgaldov it is necessary to create
three main groups of participants:

e Organizational Group (OG). It is formed for methodological
guidance of QAM development and is headed by the person
developing QAM (PDM). The OG may include one or two
experts on the assessed object;

e Technical Group (TG). This group is being created “to provide
technical support for the creation of QAM, the execution of
typewriting, drawing, computing (including machine count-
ing) work” [12]. The TG is subordinate to the PDM or another
member of the OG at his direction. Usually, an item instance
consists of one or two people, sometimes three with a short
development time for complex QAM,;

2 URL: http://www.labrate.ru/

e Expert Group (EG). It is necessary to obtain expert assess-
ments in the quality assessment process. For a simplified qual-
ity assessment method, the appropriate number of EG is from
7 to 10 people, depending on the complexity of the facility.
“The selection of experts for the EG is made by OG by selecting
specialists who know the type of object being evaluated well,
followed by a personal conversation to assess their compe-
tence, confidence, objectivity, efficiency and interest” [11-13].

All methods require the involvement of leading experts in vari-
ous industries in research, taking them away from their main activi-
ties for several days or even weeks.

The general evaluation algorithm for the simplified qualimetry
method [13]:

1. Definition of the nomenclature of the evaluated properties
of the object and construction of a tree of properties of the object.

2. Choosing a method for determining the values of property
indicators.

3. Definition of the assessment situation.

4. Determination of the basic (reference) values of the property
indicators.

5. Determination of coefficients of relative importance of prop-
erties.

6. Determination of reference and rejection values of indicators.

7. Determining the values of property indicators.

8. Determination of the values of quality indicators in general.

The algorithm described above turned out to be very costly and
time-consuming, as it was formed without taking into account mod-
ern technologies. The emergence of artificial intelligence (Al) can
significantly reduce the complexity of quantifying quality [14], espe-
cially in the context of the rapid growth of new models of generative
neural networks (GNN). They have now reached such a level that
they can easily replace experienced experts. Such GNNs as Deep-
Seek and Gemini 2.0 Flash have achieved a particularly high level
of training and expertise.

The main problem of the researcher when working with the GNN
is to compile the correct assignment for the GNN, which is called
a promt. The correct promt can be created interactively by testing
on already known examples.

A bot named “Qualimetry” was created to test the qualimetric
software in the environment of the GNN Monica integrator using
GNN DeepSeek V3. All known, published works on qualimetry were
uploaded to the bot's knowledge base, first of all, the works of
G.G. Azgaldov, the founder of the scientific discipline. GNN learned
from these materials, and then the first software was written to per-
form the procedures for compiling property trees and performing all
the necessary calculations to determine the weights of simple prop-
erties into which the problem under study is decomposed (simple
properties are called properties that can be measured analytically
or expertly). These weights for simple properties are defined in
the methodology as a tiered normalized coefficient (TNC).

To test the possibility of using of GNN in the practice of quali-
metric value research and to debug promt in the Qualimetry bot,
the author conducted an experiment with reproducing an example
from the books of Prof. Azgaldov G.G. [2, 7] on the creation of
a qualimetric methodology for determining the winners of the Na-
tional Award in the field of franchising “Golden Brand” in the nomi-
nation “Golden Franchise” (as of 2007). In the example, 10 experts
were involved in solving the qualimetric problem (p. 125 [12]). Due
to the limited time required to complete the work, an analysis of
the experts' qualifications was not carried out, which further affected
the results of the study. The complexity of the work was estimated by
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[ 2 Table 1. Tree of properties from an example of the efficiency of enterprises-nominees in the field of franchising from the book [12]
Tier 0 Tier 1 Tier 2 Tier 3 Tier 4 Tier 5
1. Number of franchisees with multiple
S _ _ o 12. Prevalence by number | franchises —1.1.1.1.1.1.
o 5 13. Generalized franchise characteristics — | of franchises — 1.1.1.1.1. |2 Total number of franchisees —
i g 1111, 141112,
S S -
2 2 3. Prevalence by region — 1.1.1.1.2.
< =
§ =] § - 4. Number of cancelled franchises — 1.1.1.2.1.
2 £ &£ 14. Success of franchising — 1.1.1.2.
£ 2 < 5. The number of terminated franchises in % — 1.1.1.2.2.
& (@5
3 < 6. Total sales volume — 1.1.2.
o
o
= 7. Franchisor’s expenses for franchise advertising — 1.2.1.1.
§ A é ~ 15. Franchisor's expenses for franchise ad- 8. Costs related to franchisee assistance — 1.2.1.2.1.
ko] - .
28 S | vertising —1.2.1.2. 9. Waste costs upon termination of the franchise — 1.2.1.2.2.
s 2 T o2
§ 2 = § 10. Cost of increasing goodwill in franchise advertising — 1.2.1.3.
(GEN]
o % 11. Share of franchise costs in total advertising costs — 1.2.2.

the authors as follows (p. 128 [12]): “With six calculations (which can
also act as experts) and with all the initial data, this complexity will
amount to approximately 9 people-day (not counting the PDM time
cost)”.

To test the possibility of using GNN in practice, the following
property tree was created in this study based on 19 criteria (Ta-
ble 1), which is “based on information provided to PDM by the orga-
nizers of the competition” (p. 128 [12]).

The above numbering of properties by tiers in the book, which
requires renumbering the entire tree when changing properties on
one tier, turned out to be not applicable to the bot, which required
changing the encoding of each property when the bot was running.
In Table 2, the new numbering is shown at the end of each property.

Next, the bot was trained interactively. If the bot made a mis-
take, it was asked to write a promt so that these identified errors

would not be repeated, and this part of the promt would be inserted
into the main promt. Thus, it was possible to train the bot and teach
it to perform correct calculations using the qualimetry methodology.
As a result, the promt was 16,380 characters (including symbols).

After receiving satisfactory training results, the bot was given
the task to reproduce an example from the book [12]. During inter-
active interaction with the bot, he revealed some inconsistency be-
tween the rules for compiling such trees developed in the example
of the property tree. Nevertheless, he was instructed to reproduce
the example from the book in full and calculate the weights accord-
ing to the rules of qualimetry, which he did. The results of compar-
ing the output parameters of the example (TNC) and the values
calculated by the bot are presented in Table 2.

From the Table 2 It can be seen that the results obtained are
very close. Some discrepancy is explained by the fact that

Table 2. Comparison of the results of the qualimetric analysis of the example and the calculation of the bot

. The values of the group and tier Gi Values of the group and tier Gi importance coefficients

e importance coefficients (an example (calculated by the bot)

5 from the book)

Name é Average | Normalized | Calculated TNC | Encoding | Assigned weight | Normalized values | Calculated
= | datavalue | values of by example of the GNN bot of group q.v. TNC by bot
9KCMepToB | group q.v.

Number of franchisees with multiple franchises | 1 74 0.426 0.0637 1111141 75 0.429 0.0624
Total number of franchisees 2 100 0.574 0.0858 1.1.1.11.2 100 0.571 0.0832
Prevalence by region 3 77 0.435 0.1153 11112 80 0.444 0.1165
Number of cancelled franchises 4 51 0.456 0.0720 1.1.1.21 90 0.474 0.0745
The ratio of terminated franchises to the total | 5 61 0.544 0.0860 1.1.1.2.2 100 0.526 0.0828
number
Total franchise sales 6 47 0.324 0.2022 1.1.2. 49 0.329 0.2055
Costs related to franchisee assistance 8 100 0.778 0.0972 1.21.21 100 0.769 0.1024
Losses in case of termination of contracts 9 29 0.222 0.0278 1.21.2.2 30 0.231 0.0307
Franchisor’s expenses for franchise advertising | 7 60 0.290 0.0937 1.2.141 70 0.286 0.0932
Share of expenses for increasing goodwill 10 67 0.324 0.1048 1213 75 0.306 0.0998
Share of franchise costs in advertising costs 11 16 0.138 0.0516 1.2.2. 15 0.130 0.0489
Checking the 5th tier 1.0000 - - - 1.0000
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Table 3. Decomposition of the parent property “Success rate of franchising” in the example
Number | Values of group non-normalized i-th importance coefficients for different experts | ayerage
Name
on tree Exp. 1 Exp. 2 Exp. 3 Exp. 4 Exp. 5 Exp. 6 Exp. 7 value
Number of cancelled franchises 4 10 100 10 20 20 100 100 51
Ratio of terminated franchises to the total number 5 100 10 100 100 100 10 10 61

the values of the group coefficients in the example were taken as
averages according to experts, and in the calculation they were
assigned by the bot. Moreover, the average data of experts in some
cases contradicted the rules of qualimetry. For example, for the
parent property “Success rate of franchising”, the following group
non-normalized coefficients were obtained (Table 3).

From the Table 3 it can be seen that in this decomposition,
the experts gave the exact opposite result, which may indicate
the competence of the experts. In this case, the rules of qualimetry
require a second round of evaluation to coordinate the positions of
experts, but this was not done, which led to a calculation error.
In this regard, the bot's calculation turned out to be more correct
and consistent with the rules.

Thus, it was proved that the bot can correctly, interactively, cre-
ate property trees and perform the necessary calculations accord-
ing to the rules of qualimetry. This conclusion allowed us to proceed

Table 4. Final decomposition of the territory's value

to the assessment of the value of the territories, which was dis-
cussed at the beginning of the article.

For this purpose, a bot was created in another, more advanced
version of GOOGLE's GNN Gemini 2.0 Flash. The created promt
was transferred to the Qualimetry_GM bot and materials on the the-
ory and practice of qualimetry and territory assessment were up-
loaded. The bot was given the task to build a property tree and
calculate the weighting coefficients for tiers and for simple, measur-
able properties at the end of the calculations, provided that
the three basic properties of value are equal — economic, environ-
mental and social. The interactive mode was disabled and the bot
had to independently decompose all the parent properties until
simple, measurable properties were achieved and the weights of
these properties were calculated.

To solve the problem, it was sufficient for the bot to decompose
into 3 tiers (Table 4).

Tier 0 | Tier 1 Tier 2 Tier 3 TNG TNG, %
Diversity of the local economy (100 %) 1.1.1.1 Availability of retail facilities 0.0289 2.89
1.1.1.2 Development of the service sector 0.026 2.6
1113 Representation of public catering 0.0231 2.31
1114 Availability of small and medium-sized businesses 0.0202 2.02
= | Infrastructure for business activity (90 %) 1.1.21 Availability of office space and coworking spaces 0.0327 3.27
§ 1.1.2.2 Quality of telecommunication infrastructure 0.0294 2.94
s 1.1.2.3 Availability of service infrastructure for businesses 0.0261 2.61
g Transport accessibility and connectivity 1.1.3.1 Development of the public transport network 0.0231 2.31
E (80 %) 11.3.2 | Availability and quality of pedestrian infrastructure 0.0208 2.08
,_,8_1 1.1.3.3 Availability and quality of bicycle infrastructure 0.0184 1.84
g 1.1.34 Accessibility of motor transport 0.0161 1.61
S 0.0256 2.56
g 0023 | 23
s 00205 | 2.0
% Environmental condition (100 %) 1214 Level of atmospheric air pollution 0.0289 2.89
2 1212 | Water quality 0.026 26
S 1.21.3 Soil pollution level 0.0231 2.31
= 1214 Noise pollution level 0.0202 2.02
§ Availability and accessibility of green areas 1.2.2.1 Area of green spaces per capita 0.0327 3.27
2 |(90%) 1.2.2.2 Share of the territory occupied by green areas 0.0294 2.94
2 1.2.2.3 Assessment of the quality and improvement of green areas 0.0261 2.61
§ Biological diversity (80 %) 1.2.31 Species richness of flora 0.026 2.6
S 1232 Species richness of fauna 0.0289 2.89
E 1.2.3.3 Presence of rare and protected species 0.0231 2.31
0.0256 2.56
0.023 2.3
0.0205 2.05 | 2
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> Tier 0 | Tier 1 Tier 2 Tier 3 TNC TNC, %

Level of social infrastructure development 1.31.1 Availability of educational institutions 0.0265 2.65

(100 %) 1.3.1.2 Provision of healthcare facilities 0.0265 2.65

1.3:1.3 Provision of cultural and sports institutions 0.0239 2.39

1314 Availability of social security institutions 0.0212 212

= _ Security and law and order (90 %) 1.3.2.1 Crime rate 0.0327 3.27

:g g 1.3.2.2 Residents’ sense of security 0.0294 2.94

= = 1323 Effectiveness of law enforcement agencies 0.0261 2.61

; § 0.0291 2.91

E’ ;3 00262 | 262

S 0.0233 2.33

0.0144 1.44

0.016 1.6

0.0144 1.44

0.0128 1.28

As a result of the calculation, the main parental property (MPP),
the value of the territory for ITD, was decomposed into 41 simple,
measurable properties with their own normalized weights (TNW).

CONCLUSION

Taking into account the multifaceted value along with the eco-
nomic value is a key factor for the success and long-term sustain-
ability of integrated territorial development projects. Qualimetry
provides methodological tools for quantifying various aspects of
value and integrating them into decision-making processes.
The state-owned ITD operator, acting as a representative of long-
term interests, can play a crucial role in ensuring a balance be-
tween cost and value, contributing to the creation of truly sustain-
able and comfortable urban environments for present and future
generations. The article shows and proves the fundamental possi-
bility of using Al in the form of GNN for conducting research and
measurements using qualimetry. Further research should be aimed
at developing practical methods for assessing and integrating val-
ue into the practice of implementing ITD projects.
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TPaOMLUMOHHbBIN YOKYC Ha 3KOHOMMUYECKOM CTOMMOCTU 1 0BOCHO-
BbIBAETCH HEOOGXOAMMOCTb PACLUMPEHUS OLIEHKW 3a CHET BKIIO-
YeHUsi MHOTOrPaHHOM LIEHHOCTU, OXBaTbIBalOLLEl coLunarbHble,
3KOJIOTMHeCcKMe, KyJibTypHble U acTeTu4eckne acrnekTbl. Oco-
60€e BHUMaHWe yOesisieTcs posiu rocyaapCTBEHHOro orneparopa
KPT Kak noTeHuuansHoro npeacTaBuTens A4ONroCPOYHbIX LieH-
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HOCTEN 1 MHTepecoB 6yayLUnX nokoneHun. Mpegnaratorcs noa-
XOfbl K OLEHKE U MHTEerpaumm pasfinyHbliX acnekToB LeHHOCTU
C UCMONb30BaHNEM KBaNMMETPUYECKOrO aHanm3a u reHepartmB-
HbIX HEMPOHHbIX CEeTEN B NPOLIECChI MPUHATUA PELLIEHUA B paM-
kax KPT.

KnroyeBble cnoBa: KOMMIIEKCHOe pa3BuT1e TeppUToOpui, CTo-
UMOCTb, LUeHHOCTb, KBAJIMMETPUS, HEVIPOHHbIE CETU, CTEUKXOJI-
Aepbl, ycToNnYnMBoe pa3sutne, rocynapctseHHsvi onepatop KPT
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Ways to improve operational reliability
of water supply and wastewater disposal
systems in buildings

Ensuring operational reliability of engineering systems of buildings, regardless of their functionality, is one of
the most important problems of the state, regions, municipalities and specialized business. At the same time, op-
erational reliability is not only a technical and technological category, but also an economic and social one, be-
cause the increase in the terms of safe and reliable operation, reduction of repair costs are equivalent to the ef-
fects that can be obtained only from the construction of new buildings. This implies the need for a targeted study
of the operational reliability of engineering systems by solving a number of applied problems.

The global picture of drinking water losses and environmental pollution from wastewater is very sad. The figures
are measured in billions of cubic meters per year. In Russia, with its difficult climate, and where a significant part
of the engineering infrastructure of buildings is worn out, and new buildings are often delivered with correspond-
ing deficiencies, this problem is particularly acute. Despite numerous discussions of theoretical provisions, anal-
ysis and systematization of experimental data in available publications, these issues remain on the periphery of
scientific interests of specialists, and the indicators of operational reliability have not been fully investigated. In
this article the key aspects and modern solutions of the way of formation and increase of operational reliability of
water supply and drainage systems (hereinafter referred to as WSS) of buildings are considered. The authors an-
alyzed the normative and technical regulation of these issues, the existing methods of determining reliability and
ways to improve it, the prospects and projected effects of new technologies on this path, the challenges and op-
portunities of transition to predictive maintenance.
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INTRODUCTION

eliability of centralized WSS systems is one
Rof the key requirements for modern build-

ings of any functional purpose. This applies
to both cities and any settlements. The tasks in
the sphere of water supply at the state level are reli-
able provision of consumers with quality drinking
water, measures to reduce uncontrolled emergency
wear and tear of water supply networks, leading to
significant losses. And among the tasks in the field
of wastewater disposal it is necessary to note the fo-
cus on reducing uncontrolled emergency wear of
wastewater disposal networks, leading to the in-
gress of untreated wastewater into the terrain and
water bodies'. Internal WSS systems in comparison
with other systems are the most expensive to create
and maintain and at the same time very vulnerable,
but they largely determine the functional suitability,
sanitary and epidemiological condition and comfort
of buildings in which we live, study, work. Ensuring
their stable and uninterrupted operation is the task
of management organizations, city and district re-
source supplying organizations, operation services.
To ensure their functions, water supply systems
should be characterized by the necessary strength,
durability, safety. All these properties determine
the reliability of the systems.

' Strategy for the development of the construction industry and
housing and communal services of the Russian Federation for the pe-
riod up to 2030 with a forecast up to 2035.

NEGATIVE TRENDS

As of today, there is a high level of existing ac-
cumulated wear and tear of fixed assets and network
facilities in urban and municipal WSS systems both in
Russia and worldwide. There is a significant increase
in the number of serious accidents, while minor ac-
cidents and leaks are not counted at all. This leads to
large volumes of drinking water losses, which deter-
mines significant economic, social infrastructure
risks, and not less loss of polluted water, which de-
termines a number of environmental and engineering
risks. Not to be overlooked is the risk of scouring of
subgrade soils, overwatering of structures, and dam-
age to finish coatings, which are always a concomi-
tant result of severe or long-term leaks. Although
the number of major accidents in the WSS system
has been decreasing in recent years, their absolute
value is still very high. For water supply it is more
than 28.5 thousand, and for wastewater disposal
more than 5 thousand accidents per year?. The over-
all wear and tear of engineering networks is steadily
increasing. More than 80% of pipelines in Russia
have 50 to 80 % wear and tear due to corrosion, me-
chanical damage and natural aging, degradation
under the influence of soil, temperature differences
and hydrostroke and require replacement.

Among the main environmental problems re-
sulting from leaks in the sewage system are
the probability of contamination of drinking water,

2 Unified Interdepartmental Information and Statistical System
(EMISS). URL: http://www.fedstat.ru/indicator/34186
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discharge of chemicals, reagents and medical products into
the system?®. Even hidden sewer leaks inside buildings lead to bac-
terial contamination and development of black mold, threatening
the health of residents. The role of negative design factors in
the formation of unhappy statistics is great. Errors in determining
the schemes, diameters, slopes, parameters of precipitation of en-
gineering systems and buildings during design are becoming a fre-
quent phenomenon. Errors in installation, replacement of materials
or equipment with analogs, selection of applied laying technology
are no less frequent.

It is impossible not to mention the lack of funding for programs
and activities to modernize and repair systems. Most municipalities
in our country are facing budget deficits, which makes it difficult to
carry out repairs, replacements, and the introduction of new tech-
nologies. Attraction of private investments is complicated due to
long payback periods of projects in this sector. And there are no in-
centives for insurance of this type of activity.

The most frequent culprits of any accidents in the systems are
local management, resource supplying or maintenance organiza-
tions. The problem of low-quality maintenance services has been
topical for years. Clogs, bursts, odors are on the lips of almost all
residents of apartment buildings. In most cases, the population is
unaware of the distribution of responsibility for the quality of drink-
ing water between water utilities and management companies. And
if the former ensure quality in external networks, the latter ensure
quality in internal networks, and their poor condition also leads to
the provision of poor-quality service*.

OPERATIONAL RELIABILITY OF WSS SYSTEMS

In accordance with SP 517.1325800.2022°, reliability of central-
ized systems and structures of WSS of buildings is defined as their
property to preserve in time, within the established limits, the values
of all parameters characterizing the ability to perform the required
functions in the given modes and conditions of application, mainte-
nance, storage and transportation of water. Reliability indicators are
quantitative characteristics or parameters for each of the properties
that make up the reliability of the system. For example, for a water
supply system, the reliability indicator is the number of interruptions
in water supply as a result of accidents, damages, violations. And
for wastewater disposal system — specific number of accidents or
blockages in terms of the length of the system®.

At the same time, as for other building systems, the reliability of
WSS is necessary during the operation period, which can be de-
fined as a stage of life cycle, at which their operable state is real-
ized, maintained and restored. It takes into account the work of
specialists, equipment, technical systems to maintain, restore

3 Environmental problems of wastewater disposal systems in the 21st century —
News from TD Eurotrading LLC. URL: http://WWW.GIDROLICA.RU/NEWS/EKOLOGI-
CHESKIE-PROBLEMY-SISTEM-VODOOTVEDENIYA-V-21-VEKE/?YSCLID=MCDQJJH
MUN401858333

4 The Russian Association of Water Supplyand Sanitation — RABBI about dilapidat-
ed pipes, tariffs, the consequences of the largest accidentin Volgograd and other problems
of water utilitiesin an interview with the publishing house “NewlndustryMedia” for the Hous-
ing and Communal Services Administration project. URL: http://raww.ru/pressroom/associ-
ation-news/2112-ravv-o-vetxix-trubax,-tarifax,-posledstviyax-krupnejshej-avarii-v-volgograde-
i-drugix-problemax-vodokanalov-v-intervyu-izdatelskomu-domu-»novyie-otraslevyie-media»-
dlya-proekta-upravdom-zhkx.html?ysclid=mcdqx0byih22870671

5 SP 517.1325800.2022. Operation of centralized systems, water supply and sanita-
tion facilities. Ministry of Construction of Russia

5 On Approval of the List of indicators of reliability, Quality, and EnergyEfficiency
of Centralized Hot Water Supply Facilities, procedures and Rules, and determination of
planned values : Order of the Ministry of Construction of the Russian Federation dated
April 4, 2014 No.162/pr. Ministry of Construction of Russia.

engineering systems, minimize damage from accidents. Against
the background of failure statistics, their causes, scope, risks of
recurrence come first. Therefore, the definition of operational relia-
bility becomes more capacious and informative.

Some authors define reliability of WSS systems as the probabil-
ity that the system fulfills its functions in accordance with given re-
quirements during time t. And if the system should supply 100 % of
water, then this ability should be evaluated, rather than calculating
the possible water supply of the system at given reliability indicators
of its elements [1]. Approximating this and a number of other defini-
tions, we can conclude that the operational reliability of an engi-
neering system can be defined as “the technical capability to use
the system for its intended purpose at the right time and with the re-
quired efficiency”.

It follows from the obtained definition that along with strength
and durability, the WSS systems should have in their maintenance
manufacturability, maintainability and cost-effectiveness. It is these
properties that make engineering systems more flexible and effi-
cient, and thus reliable in operation. These properties make it pos-
sible to take into account collected and systematized data on all
damages and accidents in the systems, to identify their causes, to
plan changes in operational measures, to apply information tech-
nology and to carry out operational control more effectively. Fulfill-
ment of all requirements imposed on the water supply system en-
sures normal level of operational reliability.

The level of operational reliability can be considered as a key
indicator that determines the ability of a system to maintain its func-
tional characteristics throughout its service life. Increasing the level
of operational reliability reduces operating costs, reduces the risk
of accidents and extends the lifetime of systems. Establishing, en-
suring and assessing compliance of operational reliability levels is
fully consistent with the current transition to the parametric method
of standardization in construction, which is defined as a method of
establishing regulatory requirements, in which the establishment
of key requirements is applied only to the functional and (or) opera-
tional characteristics of the object of standardization, including in
the form of requirements for quantitative parameters, regardless of
its design and performance’. The normative also determines that
the ways to achieve the key requirements are established with
the possibility of using acceptable and (or) alternative solutions.

ASSESSMENT AND IMPROVEMENT OF OPERATIONAL
RELIABILITY

WSS systems are multifunctional, as they provide not only sup-
ply or withdrawal of given amounts of water for consumers of differ-
ent categories, but also the required water quality, pressure, and
flow rate at the required points. As already mentioned, operational
reliability can be achieved only within the framework of an integrat-
ed approach throughout the entire life cycle. Establishment of func-
tional and operational characteristics in the design task, develop-
ment of design solutions on their basis, selection of appropriate
equipment, preparation and carrying out of installation and com-
missioning works, realization of effective operation and manage-
ment. It is a set of measures for the operation of systems, provides
water supply of the required quality, head and quantity, prevent
losses in the system, eliminate the overgrowth of pipes and corro-
sion, possible freezing, to realize the current repair if necessary [2].

7 SP 555.1325800.2025. The system of regulatory documents inconstruction. Basic
provisions. Ministry of Construction of Russia.
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Existing methods of reliability assessment contain theoretical or
statistical methods of determining the distribution function of up-
time, which determine the degree of probability of system operation
without failures for a certain period of time. They are probabilistic in
nature and are measured in fractions of a unit or percent. For exam-
ple, reliability can be assessed by the ratio of the total duration of
periods of decline in the quality of functioning to the total duration
of operation. Or the degree of decline in certain indicators and
the frequency of periods of deterioration in performance.

To calculate the reliability of WSS systems, it is necessary to
obtain a large amount of data on their actual operation. Indicators
are determined for individual sections of the operated systems as
a result of long-term observation of their operation during operation,
recording and processing statistical data on all damages and ac-
cidents. Very important is a continuous registration of accidents
and damages [3].

When carrying out calculations, when only some important fac-
tors are taken into account or average values are used, inadmissi-
ble errors occur, which makes the forecast of accidents incorrect,
and consequently incorrect maintenance plans, repair volumes,
frequency of inspections, leads to increased costs for repair and
maintenance works. In addition, the complexity of assessment
and forecasting of water supply systems is that today there are no
tools for their diagnosis for individual elements and equipment.
Therefore, at present, it is considered optimal to assess with the col-
lection of statistical data on the operation of the water supply sys-
tem and their subsequent processing. At the same time, the service
life of the water supply system is long enough and the results of
statistics collection are presented for a very long period®. These
conditions reduce the reliability of statistics in this issue.

Other researchers propose a different methodology for assess-
ing the reliability of water supply systems based on the probabi-
lity of accident occurrence based on Poisson's law. To estimate
the probability of X accidents in a certain (t + /) year, it is necessary
to use statistics for t years and determine the value of /t+ 1. To do
this, determine the value of the average acceleration b, and
the change in the value /, which is the accumulated initial value.
After that, the calculated values are compared with the existing
physical values and changes with accident occurrence statistics
[4]. This method is also not absolutely accurate, since almost no
one maintains the history of accidents with their clear ranking.

It should be remembered that low operational reliability of engi-
neering systems and the building as a whole, leads to higher costs
of current and capital repairs, as well as reconstruction. Reliable
operation of engineering systems depends on factors that reduce
reliability and those that increase it. Measures that increase reliabil-
ity can be divided into two groups: increase of failure-free operation
and increase of maintainability. Basically they go by using more
reliable and durable pipes, valves, electric protection installations,
providing redundancy of system elements, organization of effective
operation and purposeful improvement of control systems of pro-
cesses occurring in the system. More modern methods allow to
predict the basic properties of reliability taking into account the var-
iability of system characteristics during operation, heterogeneity of
requirements of different equipment or elements. Here in a com-
plex can be applied: optimization of functional schemes, unification
of solutions, modern technologies of installation and repair works,
more accurate accounting of negative factors, increasing maintain-
ability, increasing the effectiveness of prevention.

8 Bykov A.A., Bersugir M.A. Methods of forecasting accidents in water supply sys-
tems. URL: svs43343.pdf

A number of objective and not so objective factors, such as:
lack of clear rules of operation, lack of qualified personnel, negli-
gence in the work of employees of operation services, low quality
of equipment and elements, lack of uniform terminology and formu-
lations, lack of quantitative assessment of reliability of elements,
haphazardness in the formation of information about repairs
and maintenance, lack of continuous information about the state
and wear of systems and their elements.

The development of modern technologies in the field of con-
struction monitoring and engineering analysis makes it possible to
significantly improve operational reliability, safety and efficiency of
engineering systems. One of the directions on this path is the transi-
tion to predictive maintenance.

PREDICTIVE MAINTENANCE OF BUILDING
ENGINEERING SYSTEMS

Predictive maintenance (hereinafter referred to as PdM) is
a complex method of management of engineering networks and
equipment, which includes collection of information on the state of
equipment, its analysis and forecasting of failure dates of equip-
ment of different levels for the purpose of timely preparation and
implementation of measures to prevent failures in operation. In other
words, it is a service when a “breakdown forecast” appears, without
reference to normative-technical or design requirements. PdM has
already been successfully implemented in the power industry,
transportation, industry, oil and gas industry, and airlines. Monitor-
ing and control systems detect any deviations in the operation of
equipment and systems.

Sensors and sensors are the key elements of PAM. Based on
the information from them, the status of system elements is con-
stantly analyzed. The data is transmitted to the controllers of
the monitoring system and, if the monitored parameters exceed
the permissible values, the relevant equipment, elements, parts are
included in the scope of the nearest scheduled maintenance. A fore-
cast of the situation development is also made, and complexes of
measures for replacement, repair or maintenance are developed.
Thus, even the most complex engineering systems can function pre-
dictably and smoothly for a long period of time. The choice of sen-
sors depends on the types of monitored equipment, elements, as
well as the types of potential faults and the requirements of SCADA
systems. They can be pressure, deformation, angle deviation, hu-
midity and temperature, component wear, leakage sensors, remote
visual inspection tools, acoustic, ultrasonic, infrared sensors.

The objectives of PdM include:

® engineering systems management;

e improvement of management processes;

e improving the operational reliability of systems;

e optimization of maintenance costs;

e reducing accident risks;

¢ planning of replacement and repair costs;

e increasing the functionality of systems;

e improvement of systems.

Implementation of PAM systems is most effective in the condi-
tions of software and hardware complexes (hereinafter PAC), which
provide real-time collection of information on the state of system
elements, on processes in them, on deviations from the set param-
eters, on the need for maintenance, etc. PdM can be recommend-
ed when working with large engineering systems with equipment
and elements with different characteristics, service life, modes
of operation, maintenance and repair conditions. PdM can be rec-
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Table 1. Comparison of service methods

Method Advantages

Disadvantages

reducing resource consumption;
reducing the number of failures

By resource |+ ensuring standard service life of equipment and standard downtime;

» mismatch of equipment resource utilization with actual
operating conditions;

« the need to invest in maintenance personnel and technology;

« continuing probability of serious failures;

« possible premature maintenance

By state « reduction of resource consumption;

reduced probability of serious failures

matching the service life of the equipment to the actual operating conditions;

« the need to provide personnel for diagnosticians;
« the need for diagnostic equipment;

« the need for software;

« unexpected occurrence of failures and accidents;
« long downtime associated with repairs

PdM

timely detection of faults and wear;
prediction of faults before failures occur®;
reduction of costs for serious and urgent repairs;

increased building safety;
increase of labor safety of the personnel;
the possibility of corrective maintenance;

reduction of the number and duration of downtime

possibility to analyze data on the operation of equipment and elements in real time;

extension of service life of separate equipment and elements of engineering systems;

planning of the most cost-effective volumes and terms of repairs and replacements;

« the need to implement SCADA systems and loT platforms;

« the need to implement statistical analysis tools, machine
learning or neural networks;

« necessity to verify sensors

ommended when working with large engineering systems that in-
clude equipment and elements with different characteristics, ser-
vice life, operating modes, maintenance and repair conditions.

The application of controllers based on loT and machine learn-
ing is promising; it allows collecting data from sensors and sensors,
analyzing them in real time, providing the possibility of central mon-
itoring, quickly responding to emerging problems™.

In accordance with SP 255.1325800.2016"" there are two main
methods of maintenance:

e “by resource” or preventive maintenance, which implies sched-
uled maintenance with the planning of measures for the re-
source of engineering equipment and structural elements
(e.g., standard service life by operating time, by the number of
failures, etc.);

e “condition-based” or preventive maintenance, which implies
scheduled maintenance with planning of measures based on
the values of actual (current) parameters of the technical con-
dition of engineering equipment elements of buildings.

PdM, compared to these methods, is able to provide cost sav-
ings by performing only those justified tasks and at a time when it is
justified. Let us compare the advantages and disadvantages of
these three methods (Table 1).

As can be seen from the comparison, PdM has significantly
more advantages than the disadvantages or advantages of other
methods. The main difference, however, can be seen as working
with accurate information about the state of the system, based on
actual data rather than average or expected values.

Nowadays, the development of customized models for PAM im-
plementation is starting to gain popularity in the industry. They allow
to incorporate a whole range of data and parameters from different

¢ On the development of predictive maintenance using the example of transformer
diagnostics. Habr. URL: http:// habr.com/ru/companies/etmc_exponenta/articles/744174/

© Predictive maintenance of engineering systems using loT. TRIASK. URL: http://
triask.ru/prediktivnoe-obsluzhivanie-inzhenernyh-sistem-s-ispolzovaniem-iot/

" SP 255.1325800.2016. Buildings and structures. Operating rules. Basic provisions
(Order of the Ministry of Construction of Russia dated August 24, 2016 No. 590/pr). Minis-
try of Construction of Russia.

sensors. Conduct operational adjustments under changing condi-
tions of engineering tasks. And during operation, not only to monitor
the exceeding of control values of parameters, but also to detect
fluctuations in values, dynamics of deviations development, con-
nection with changes in other parameters. In the field of operation
of building WSS systems, such PACs can also be expected to have
significant effects. For example, detection of dripping leaks in
the joints of water pipes at the time of the lowest water consump-
tion, i.e. at night and drying during the day. This cannot be detected
by conventional floor sensors or daytime inspections, and the situ-
ation may indicate that a serious nighttime leak is approaching.

It is quite difficult to build your own PdM system for building
engineering equipment. It is necessary to solve the problems of
proper placement of sensors, organization of storing the necessary
amount of incoming data, setting up the analytics and forecasting
system, providing machine learning, and warning of failures. Sev-
eral methods are most often used to analyze sensor data. From
simpler statistical analysis, to complex neural networks. For maxi-
mum efficiency, sensors can be integrated with ERP (Enterprise
Resource Planning) or CMMS (Computerized Maintenance Man-
agement System) systems. This integration allows for the creation of
a unified information environment that always has up-to-date data
and the ability to embed digital services. For example, assistance
in the formation and maintenance of electronic passports, assis-
tance in the maintenance of building information models.

We would especially like to note the possibility of integration
with the information model of the capital construction object. After
all, data from PdM systems can supplement the information model
with models of behavior of engineering systems in real conditions
of construction and operation. And this is already a serious step
towards the application of digital twins, which are now defined in
the professional environment as “information models of capital con-
struction objects, further developed through the addition of models
of processes related to the creation, operation and use of this
object”2. Here we can even talk about mechanisms of integration

2 Digital twins of capital construction facilities. URL: http:/niisf.org/biblio/glavnaya/
tsifrovye-dvojniki-obektov-kapitalnogo-stroitelstva
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Table 2. Projected effects as part of operational measures from the implementation of NeoDetect's smart system

Types of operational activities

Forme deffects

Maintenance

localization of cleaning places

reduction of the number of scheduled periodic inspections of routes, chambers, wells;
reduction of the number of inspections of the technical condition of system elements;
increasing the accuracy of inspections and checks;

Analysis of network operation modes |+ development of the hydraulic electronic model of the system;
refinement of pressure gauge survey;

clarification of water consumption values;

refinement of the results of the analysis of system operation modes;
tracking changes in the existing zoning structure;

identification of deviations from the operation modes

Overhaul

possibility to take more accurate account of the results when planning capital repairs;

assessment of pipeline reliability indicators obtained on the basis of statistical processing and analysis of operational data;
analyzing the technical condition of pipeline sections based on the results of SCADA system data;

ranking of system elements according to the impact of negative factors and actual condition;

analysis of risks of material and environmental damage

Reconstruction

justification of changes in initially established indicators of systems functioning;
restoration of the required functional characteristics

Provision of automated process
control system (APCS)

easy integration with automatic process control system at the local control level;
control of normal operating conditions of control and measuring devices;

control of automatic regulation and control systems serviceability;

simplification of connected equipment and applied data exchange standards;
increase of control accuracy due to the use of SCADA databases;

control of the efficiency of preventive maintenance, service and repair of systems

Searching for pipeline faults

diagnostics of hard-to-reach areas;

alternative to television diagnostics

simplification of tracing of surveyed pipeline sections;
simplification of checking the serviceability of water fittings;

alternative to correlation and acoustic leak detectors;
refinement of pipeline cleaning methods;

of building doubles containing mainly geometry with doubles of en-
gineering systems synthesized with PAM hardware and software.
A digital twin of an engineering system may be a simpler and more
accessible step than a building twin. Such a twin will be able to
model the operational states, processes and life cycle of an asset
and allows the generation of any amount of data that is difficult to
obtain in reality'.

In the future, we can assume the creation of digital doubles of
equipment or systems by their manufacturer, providing them to de-
signers so that they can put the necessary parameters into design
solutions, and then to the operating organization as diagnostic sys-
tems. But predictive operation is our tomorrow. The nearest step in
this direction is the development of the market of sensors and lay-
ing software supporting their operation. Let's consider what pros-
pects have these PACs applied in WSS systems today.

HARDWARE AND SOFTWARE COMPLEXES IN BUILDING
WSS SYSTEMS

Sensors, as a hardware part of PAC, are primary converters
and elements of measuring, signaling, regulating or controlling ele-
ment of the system. They convert the monitored quantity into a us-
able signal. The most popular applications in WSS systems are
water leakage sensors and clog sensors. They play an important
role in timely detection and prevention of leaks and clogs, which

3 On the development of predictive maintenance using the example of transformer
diagnostics. Habr. URL: http://habr.com/ru/companies/etmc_exponenta/articles/744174/

can lead to accidents and failures, flooding of premises, and prop-
erty damage.

There are several basic types of sensors available and used
today, each with its own advantages, disadvantages and applica-
tions. The most common, simple and inexpensive are point contact
sensors. Linear cable sensors, are more complex devices, repre-
senting an entire contact cable that reacts to water at any point.
These variants can be wired and wireless. More complex, expen-
sive and rare are smart flow meters, acoustic and correlation sys-
tems. These are used predominantly on complex systems. In addi-
tion, pressure sensors are popular for signaling clogs, pump
failures or overflow in the drainage part of the system.

The main disadvantages of most such sensors are: short time
or lack of autonomous operation, lack of its own moisture protec-
tion, lack of notification by sound signal, small area of the sensing
element, unreasonably high price [5].

Against this background, the implementation of modern sen-
sors and PACs for leak and clog detection offers enormous bene-
fits: the main ones are saving water and money, preventing damage
from the devastating effects of floods and corrosion, improving sys-
tem operational reliability, reducing response times to breakdowns,
reducing the labor and cost of monitoring, maintenance and repair
activities, preventing soil contamination, and reducing the risks of
infections and allergies.

As an example, here is one of the variants of such sensors. This
is an intelligent water detection system by NeoDetect. This system
allows monitoring and timely preventing flooding of premises by
shutting off the water supply. The linear sensor extends along
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the pipes, which allows you to detect a leak along the entire length
of the pipeline, determine the exact location of the leak or clog, and
prevent serious flooding. It is a system that can be used to monitor
the drying process of water, see the temperature, and the exact
location of the affected area [6].

The developers of this intelligent system predict that its devel-
opment, improvement of its sensors and expansion of the range of
software, creation of a common digital environment, will gradually
lead to a number of tangible effects at the stage of operation of any
buildings as part of the relevant operational measures (Table 2).

From the analysis of effects, it is obvious that the introduction of
intelligent systems will not only help to improve the safety of build-
ing WSS systems, but will also make maintenance professions more
“digital” and attractive to young people. The digital tools them-
selves, such as chatbots and applications, when implemented in
a comprehensive manner, will simplify interaction between building
owners or residents, operating or management companies, and
resource supply organizations.

REQUIREMENTS TO HARDWARE AND SOFTWARE
COMPLEXES IN BUILDING WSS SYSTEMS

The main task of PAC in building WSS systems, as part of
the ACS, is to maintain the operable state of the control system in
allmodes and at all stages of its operation, as well as to organize its
efficient use. Hence, the following requirements can be made to all
developed complexes:

e support of remote and automated system control;

e maintainability and modularity of design;

e unified in terms of connected equipment and applied data

exchange standards;

e protection against unauthorized access to the object control

and SCADA databases;

e duplication of control communication for the most critical ob-

jects;

e connection of mobile users to SCADA servers of objects.

CONCLUSIONS

Improving the operational reliability of buildings’ WSS systems
requires a comprehensive approach: from replacing worn-out pipes

MyTu NoBbILEHUS IKCNITyaTaLMOHHOM
HaZleXXHOCTU CUCTEM BOAOCHa6XeHua
M BOAOOTBEAEeHUs 30aHun

O6ecneyeHneaKennyaTaumoHHONHaAEXKHOCTUNHXXEHEPHbIX CU-
CTEM 3[4aHUN, HE3aBMCUMO OT UX PYHKLUMOHANA, ABMSETCA OOHOM
13 BaXXHENLLMX Npo6ieM rocyaapcTea, PErMOHOB, MyHULIMNANM-
TETOB M NPOGUIILHOrO 6u3Heca. BmecTe ¢ TeM akcnyaTaumoH-
Hasi HaeXXHOCTb SABMSETCH HE TONMbKO TEXHUYECKOWN 1 TEXHOSOM M-
YeCKOW KaTeropven, HO 1 SKOHOMUYECKOW 1 CoLManbHON, BeAb
yBeNn4yeHne CpokoB 6€30MacHOM 1 HaJeXXHOW akcnayaTauuu,
COKpalLLleHVe 3aTpaT Ha PEMOHTbI 3KBMBAaNEHTHbI 3 heKkTam, Ko-
TOpble MOTYT 6bITb MOyYeHbl TONIbKO OT CTPOUTENIbCTBA HOBbIX
30aHui. ATo NpegnonaraeT He06X0ANMOCTb LiefieHanpaBeHHO-
ro uccnepfoBaHNsa aKCnayaTauMOHHON HAAEXHOCTU MHXEHEPHbIX
cUcTeM NocpencTBOM peLLeHUs psga NpuKnagHbIxX 3agad.

MvpoBas kapTuHa noTepb NUTLEBOW BOAb! U 3arpsi3HEHUS OKPY-
Xalollen cpegbl CTokaMy BecbMa nevansHa. Lindgpbl nameps-
toTcs Munnvapaamy Ky6oB B rog. B Poccuu ¢ ee cnoxHbiM Knu-
MaToMm, rae 3HaYUTeNbHasA YacTb MHXEHEPHOW NHAPACTPYKTYpPbI

to implementing intelligent systems and switching to PdM. Some
Russian cities, such as Rossosh, have already started modernizing
networks under concession agreements, investing hundreds of mil-
lions of rubles. However, success depends not only on technology,
but also on legislative support, staff training and awareness of
the importance of prevention by all participants in the process —
from management companies to residents. The logical subsequent
transition to PdM using loT of all engineering systems of buildings,
will become an accepted standard for the majority. And with the de-
velopment of artificial intelligence technology, its success will in-
crease many times over. This method of maintenance will require
careful planning, proper selection of equipment and operating al-
gorithms. There is already a strong need for the development of
electronic components, PACs, regulatory and technical require-
ments, and training of maintenance personnel.
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3[aHUI N3HOLLEHA, a HOBble 3[aHMsi YaCTO COAIOTCH C COOTBET-
CTBYIOLMMU HegopaboTkamu, 3Ta npobrnemMa CTouT 0CO6EHHO
0CTPO. HecMoTps Ha MHOro4YUCIIEHHbIE 06CYXAEHNA TEOPETU-
YEeCKMX NOMOXEHUN, aHann3 1 cMcTeMaTnU3aumio IKCnepumeH-
TasIbHbIX JaHHbIX B UMEIOLLMXCS My6nvMKaumsxX, JaHHbIE BOMPOChI
OCTaloTCs Ha Nepudepun HayYHbIX MHTEPECOB CMELMANnNCTOB,
N nokasaTenu 3KcnayaTaLMoHHOW HAaAEeXHOCTM MOSTHOCTLIO He
nccnefoBaHbl. B faHHONM cTaTbe pacCMOTPEHbI KtoYeBble ac-
NeKTbl 1 COBPEMEHHbIE peLLeHnst NyTh (hOPMUPOBAHUS U NOBbI-
LLIEHNS SKCNyaTauMOHHON HAAEXXHOCTN CUCTEM BOJOCHAGXEHNSA
n BogooTBefdeHusa (BuB) 3pgaHuii. ABTOpbI NpoaHanu3vMpoBa-
JIM HOPMAaTUBHO-TEXHUYECKOE PerynmpoBaHmMe 3TUX BOMPOCOB,
CyLLeCTBYIOLUME METOAbI ONpefeneHnst HaoexXHoCTN 1 NyTh ee
MOBbILLEHWSA, NEPCNEKTUBBLI U NPOrHO3Mpyemble 3PdeKTbl OT
NMPUMEHEHNSA HOBbIX TEXHONOMUIA Ha 3TOM MyTW, 3ada4vn U BO3-
MOXHOCTM Nepexofa Ha NpeankTUBHOE 06CNyX1BaHNE.

KnroyeBble crioBa: skcrislyataynoHHas HafAeXHOoCTb NHXEHep-
HbIX CUCTEM, OTKa3 CUCTeM, aBapumn CUCTeM, AaTHUKM, NPeanK-
TUBHOE 06C/yXUBaHne, 06CIyXXNBaHNE CUCTEM, yrpaBrieHne
cuctemamm
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Comprehensive approach to scientific
and technical support of unique facilities
at all stages of the life cycle

The modern construction industry is moving inexorably forward, constantly increasing the uniqueness of invest-
ment and construction projects. Unique objects, whether they are unique high-rise buildings or large-span ones,
require a special approach at all stages of the life cycle of construction projects.

Scientific and technical support at all stages of the life cycle plays a key role in ensuring the safety, reliability and
efficiency of such facilities.

However, the lack of an integrated approach to the maintenance of such facilities can lead not only to an increase
in project implementation time, but also to the risk of abnormal situations during the implementation of projects
due to the failure to perform certain types of work within the framework of scientific and technical support.

This paper discusses the formation of an integrated approach to scientific and technical support at each stage
of the facility's life cycle in order to minimize risks during the implementation of investment and construction pro-
jects.

Aims and Goals. Development and justification of an integrated approach to scientific and technical support of
unique facilities at all stages of their life cycle. This paper is aimed at identifying key approaches that ensure ef-
fective process management within the framework of scientific and technical support, minimizing risks and im-
proving the safety of unique facilities.

Materials and methods. The paper considers an integrated approach to scientific and technical support of
unique facilities, which is based on the analysis of the regulatory framework, practical experience in project im-
plementation, as well as the integration of theoretical and practical methods. The main focus is on the formation
of methodology and fundamental principles, in terms of an integrated approach that ensures effective manage-
ment of facilities at all stages of their life cycle.

Keywords: scientific and technical support, methodology, construction, architectural and construction design,
unique high-rise buildings and structures, buildings of class KC-3, construction and design of unique high-rise
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buildings and structures

INTRODUCTION

odern trends in the construction industry
M tacitly lay the foundation for the develop-

ment of various kinds of work, in particular,
on scientific and technical support of unique build-
ings and structures.

According to GOST 27751-2014, p. 2.1.21: “Sci-
entific and technical support: a set of works of re-
search, methodological, expert, control, informa-
tion-analytical and organizational-legal nature,
performed by specialized research organizations in
the process of research, design, erection, opera-
tion, reconstruction or dismantling of construction
objects to ensure their reliability, safety, functional
suitability and durability” [1].

The purpose of the article is to conduct a com-
prehensive approach to scientific and technical
support, both at individual stages of the life cycle of
the construction object, and the relationship of sci-
entific and technical support between the stages:
engineering surveys, design, construction and fur-
ther operation of the object.

The peculiarities of the performed works, taking
into account the specificity of unique buildings and
structures, within the framework of STS survey
and design, as well as the peculiarities of design
of underground and above-ground components of
the object are considered; the interrelation between

the results of STS P and STS C works is determined.
Practical examples of realization of scientific and
technical support at different stages of the life cycle
of the construction object are given.

Unique objects are various buildings and struc-
tures that have additional requirements for design
and construction, in this regard, one of the ways
that affect, first of all, to ensure safety, is the mecha-
nism of scientific and technical support (STS).

Conducting scientific and technical support
should be comprehensive, in order to consider
the most possible criteria and analyze the occur-
rence of different scenarios.

At the stage of pre-project work, the develop-
ment of architectural and urban planning concept, it
is necessary to analyze and determine the compo-
sition of work on the STS.

These works may include: modelling and “land-
ing” of the building based on the results of the per-
formed SGI, assessment of construction impact,
development of recommendations to the pro-
gramme of engineering-geological surveys, justifi-
cation of possible deviations from the current regu-
lations in terms of volumes and methods of surveys,
analysis of archival materials in terms of engineer-
ing surveys, evaluation of the obtained data to en-
sure safe design [2].

Formation of the final set of works on STS will
depend on the received initial data on the object.
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Specifics of unique buildings

and structures KS-3

Il

{

Classification of objects of KS-3
In accordance with the guidelines of clause 2 of article 48 1
“Particularly dangerous, technically complex and unique objects”
of the Town Planning Code

I

Height of more than 100 m, for wind turbines —
more than 250 m

Spans of more than 100 m

The presence of a console of more than 20 m

TN

Burial of the underground part (fully or partially) below
the planning ground level by more than 15 m

]
)
)
)
)

i

(Complexity and irregularity of unique buildings and structuresj
]

Non-typical architectural and structural solutions: often have complex shapes,
large spans, cantilevers, complex nodes and connections
Innovative materials and technologies: can utilize new building materials, technologies
and engineering systems that require a special approach to design and construction

)
)

Innovative materials and technologies: can utilize new building materials, technologies
and engineering systems that require a special approach to design and construction

J

Unique functional requirements: can be designed for cpecial
purposes requiring special engineering solutions
(e.g. airports, stadiums, nuclear power facilities, etc.)

\

Features during design and construction )
]

Necessity of interdisciplinary approach: require close interaction of different specialists:
archtects, designers, engineers, surveyors, etc.

)

High precision and guality requirements: high precision in design and construction
as well as strict quality control at all stages must be ensured

Y
Operational peculiarities
]

( )

Increased reliability and safety requirements: reliable and safe operation
throughout the entire life cycle must be ensured

Necessity of technical condition monitoring: continuous monitoring of technical condition
is required, including the use of automated systems

(

Need for customized calculations and studies: often require special calculations,
testing and modeling

Need for emergency response plans:
specific emergency response plans should be developed

(

Application of STS: often requires the development of site-specific
special technical specifications (STS)

)
)
)

Special attention to fire safety: require increased attention to fire safety

)
)
)
)

Fig. 1. Specifics of unique buildings and structures

Unique objects are buildings and structures that require a spe-

cial approach to design and construction, and one of the mecha-
nisms contributing to safety is the mechanism of scientific and tech-
nical support (STS) (Fig. 1).

The relevance of the study, in terms of STS, is also due to
changes in legislation, in terms of design of buildings and struc-
tures, namely, the transition from the development and coordination
of special technical conditions and approval of compensatory mea-
sures to the development and implementation of scientific and tech-
nical support [3].

The scientific and technical support should become compre-
hensive, in order to consider the most possible criteria and analyze
the occurrence of various scenarios.

At the stage of pre-project work, the development of architec-
tural and urban planning concept, it is necessary to analyze and
determine the composition of work on STS.

Formation of the composition of works, which would be optimal
and sufficient for scientific and technical support, is one of the most
important stages, which, for example, may include a variety of
works, including:

e development of recommendations to the programme of engi-

neering-geological surveys;

e justification of possible deviations from the current normative
documents in terms of volumes and methods of surveys;

e analysis of archive materials and previously performed sur-
veys;

e evaluation of the obtained data to ensure safe design;modelling
of geological environment reaction to earthquakes and devel-
opment of a set of synthesized accelerograms for calculation
studies of earthquake resistance of buildings and structures;

e development of additional requirements for the calculation

and design of buildings and structures of the facility taking
into account the high seismic activity of the construction site
and other dangerous natural processes, with the perfor-
mance of verification calculations and quality control of
the facility design [4].

Scientific-technical support during the construction phase is
essential to improve efficiency, specifically, to reduce the amount of
time required for the work. However, the regulatory documents par-
tially reflect organizational and technical measures that can affect
the efficiency of construction.

It is crucial not only to develop a methodology for providing
scientific-technical support at various stages of the life cycle of
an investment and construction project's life cycle, but also to con-
duct a comprehensive assessment to ensure the correct formation
of the composition of the work performed [5].

A list of areas for analysis and further organization of scientific
and technical support work.

1. Conducting a comprehensive assessment of the surrounding
site development.

During the stages of conceptual design and the initial phase of
project development, an integral part is the analysis of the immedi-
ate construction site and the surrounding area to identify and locate
capital construction sites, cultural heritage sites, underground net-
works, and structures that cannot be dismantled, as well as other
underground utilities that may affect the future progress of the proj-
ect. This includes conducting various types of engineering surveys,
as well as providing scientific and technical support for design and
foundation engineering.

The analysis also involves verifying the accuracy of calculated
soil models and calculating methods, performing foundation calcu-
lations when structures and foundations are working together, and
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Fig. 2. Analysis of surrounding development

checking the bearing capacity and stability against the ascent of
foundations of the stylobate section (Fig. 2, 3).

2. Carrying out STS works at the stage of engineering surveys
(geological risk assessment, SIA)

The volume of construction of high-rise buildings is constantly
increasing. In this regard, before the start of design and survey
works, it is important to determine the necessary and sufficient list
of both types of works and the composition of works directly on
the engineering survey works.

In addition to the correct definition of the composition of scien-
tific and technical support, within the framework of engineering sur-
veys, there is a possibility of carrying out other works, depending
on the conditions of the construction site or after the analysis of
data obtained during the survey, for example, such works can be
modelling the response of the geological environment to earth-
quakes, the development of a set of synthesized accelerograms to
perform computational studies of earthquake resistance of unique
buildings and structures, the development of additional require-
ments for calculation.

In this regard, the development of a comprehensive approach
and the formation of a methodology for scientific and technical sup-
port of unique buildings and structures is an urgent problem that
requires elaboration [6, 7].

3. Carrying out STS work at the design stage.

In the design of unique buildings and structures, several parts
of the facility can be distinguished, viz:

1. Design of excavation enclosure structures.

2. Design of foundations and bases of unique buildings and
structures.

3. Design of underground and above-ground parts of unique
buildings and structures.

When constructing excavation enclosure structures for high-
rise buildings, there are a number of peculiarities that need to be
taken into account in the design.

High-rise buildings, as a rule, have an underground part made
under the protection of the enclosing structure. The excavation en-
closure structure (wall in the ground, sheet pile, etc.) located close
to the foundation slab and buried below the bottom of the excava-
tion can create (if one or more edges of the foundation of a high-
rise building are located next to the excavation enclosure) an inho-
mogeneous (asymmetric) stress state in the foundation base, which
changes the shape of the foundation slab deformation and causes
additional building roll [8].

This impact of the excavation fence depends on:

e depth of the excavation, material;

e the depth of the excavation and the method of excavation

fencing;

e dimensions of the excavation in plan;

* soil conditions;

e loads acting on the foundation from the building and other

factors.

Given the high sensitivity of high-rise buildings to uneven settle-
ment, the normative literature recommends that the high-rise build-
ing should be located in the center of the excavation.

In case of impossibility, its influence should be taken into ac-
count in the design by joint calculation of the foundation soil, exca-
vation enclosure and building structures, including the foundation.

>
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Fig. 3. Planting of the complex. Fencing structures of the excavation

When calculating the foundation, the method of construction of
the enclosing structure is important.

Fig. 3 shows, as an example, the planting of a complex, which
consists of multi-height buildings, next to the excavation enclosure.

In the construction of foundations of high-rise buildings there
are a number of peculiarities that must be taken into account in
the design, as well as in the scientific and technical support, within
the framework of the design and working documentation, with sub-
sequent recommendations for the work [9, 10]:

1. Due to the fact that the pressure along the foundation foot-

ings of high-rise buildings can be many times greater than for

buildings up to 75 m high, this requires special survey work, as

laboratory and field surveys.

2. The existing norms apply to the calculation of the bearing

capacity of a pile up to 35 m long (resistance at the lower end

of the pile) and up to 40 m long (resistance at the lateral sur-

face). Since modern projects are characterized by significant

height, this may not be sufficient for foundations of high-rise

buildings, as the length of piles can reach 70 m.

3. Under significant loads (1-2 MPa) transferred to the sub-

strate, it is necessary to take into account both the strength and

deformation characteristics of rocky and non-rocky soils with

E > 100 MPa, which are considered in accordance with current
regulations (CP 22.13330.2011)", as incompressible, as well as
an increased stress distribution zone in the ground, both in plan
and depth, which can lead to an increase in soil layers that
absorb the load from the foundation. This can have a particu-
larly strong effect if the layers are uneven.

4. An increase in the depth and width of the compressible layer
in the soil leads to a longer time for soil consolidation to com-
plete and a longer duration of the precipitation process.

5. If the foundation is built on soils with different coefficients of
consolidation, both primary and secondary, it is important to
consider the possibility that due to the uneven stress-strain state
of the soil at the intermediate stage of consolidation, the consoli-
dation of different types of soil may occur at the same time. This
could lead to the building tilting beyond the limit values.

6. An increase in the size of the deformable area of the founda-
tion can have a greater impact on surrounding buildings and
structures, including water-carrying communications. This must
be taken into account when calculating and carrying out work.

1 SP 22.13330.2011. Soil bases of buildings and structures. Date of introduction

2011.05.20.
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Insufficiency of completed works on the analysis of the surrounding
development. Necessity to conduct NTS in the part of surveys.

Insufficient analysis of normative documents, both within the framework
of the constuction site under consideration, buildings, structures, etc.
located on the site (including undergraund structures), which may be of
value to the state — possible refusal to approve project or the need
to revise it (including underground), which may be of value to the state —
the project may be denied approval or need to be redesigned

Insufficient analysis of geological conditions — errors in the design
of the foundation and underground part of buildings and structures, which,
respectively, will cause uneven settlement of the building, deformations
and possible deformations of structures

Unidentified aquifers can lead to many problems in terms of excavation,
structural corrosion and the need for additional drainage work

)

Features of the integrated approach. Stage of design and SMS

Failure to correctly identify the composition of structures, facilities

[and unilities to acsess the impact of construction and furher monitoring

(

There is an increased risk of emergencies due to incompletely

identified composition of structures and facilities

(

Reduced ability to provide adequate security for the conservation

and normal operation of existing buildings and structures

(

Relationship between the implementation of the pre-project phase
and the design phase

)

Relationship between the implementation of the pre-project

phase and the design phase, in terms of conducting NTS P
Engineering surveys (geodetic, geological, environmental etc.,
including special surveys), study climatic conditions, existing
infrastructure and other factors.
Design stage (NTS P): analysis and evaluation of engineering
surveys, including the study of climatic conditions, existing
infrasructure and other facrors.
Surveys, including the determination of sufficiency/insufficiency

\ 0f the preliminary surveys conducted

Carrying out design work to formulate preliminary solutions for
archtectural, structural and engineering systems design solutions
for architectural, structural and engineering system solutions.
Design stage (NTS P): analysies and evaluation of the executed
design solutions, including modeling of the NTS system, modeling
|| of the NTS of the system, engineering systems, design soluting,
including modeling of the NTS system, alternative calculation, etc.

Result: determination of the correctness of the implemented design
colutions, as well as of the performed preliminary calculations, etc.
The result: determination of the correctness of the implemented design
solutions as well as of the performed preliminary investigations

Fig. 4. Peculiarities of the integrated approach to conducting STS

During the construction of structures of the underground and
aboveground parts of high-rise buildings a number of features arise
that must be taken into account when designing [11].

1. Wind loads and aerodynamics:

¢ high-rise buildings are subject to significant wind loads,

which can cause fluctuations and vibrations.

As part of the design and scientific and technical support, com-
plex aerodynamic modelling is carried out, the aim of which is to
provide recommendations on the assignment of aerodynamic coef-
ficients for wind loads used in the calculation of load-bearing struc-
tures and enclosing facade systems of tall buildings of the facility.
Additionally, the assessment of the level of relative wind comfort in
pedestrian areas is conducted.

2. Vertical and horizontal deformations:

e shrinkage and creep of concrete: the need to take into ac-

count long-term deformations;

e temperature deformations: due to temperature fluctuations,

stresses occur in structures;

e tilt and differential settlement: it is important to ensure an even

distribution of loads on the foundation.

3. Fire Safety and Evacuation:

e fire resistance of structures;

e smoke protection, smoke-free stairs, and individual elements

of buildings and structures;

e safety zones and elevators (including for evacuation purposes).

4. Architectural planning and energy efficiency solutions.

J

Relationship between the implementation of the pre-project stage and the con-
struction and installation stage (analysis of the implementation of NTC | + NTC P)

[Analysis of performed survey works (geodetic, geological, environmental, etc., h

including special ones), design documentation, calculation model. 1st of the most
critical nodes.
Design stage (NTS P): analysis and evaluation of engineering surveys, including
special ones, suveys, including determination of the sufficiency/insufficiency of

\ the preliminary surveys conducted. Y,

[The interrelation of the pre-deign and construction stages within the framework of NTS\
consists in translation of the results of NTS of survey and design in terms of specific
organizational and technical solutions ensuring optimization of various types
of works, reliability of erected structures and safety of surrounding buildings.
Intergration of NTS data at the construction and erection stage requires strict quality
control of materials and works, geodetic and geotechnical monitoring of possible
deviations and deformations, as well as copliance with design solutions, which is
ensured by close interaction between project participants and justification of possible
solutions in connection with deviations within the framework of scientific and technical
support of construction.

Efficient implementation of the NTS at the construction and erection stage, based on
the pre-design analysis data, guarantees compliance of the facility with safefy, reli-
\ability and durability requirements, minimizing risks and optimizing construction costs )

Carrying out scientific-technical support work at the construc-

tion stage

The main organizational and technical solutions, in terms of scien-

tific and technical support during the construction phase, are [12, 13]:

e the formation of a work plan for the implementation of scien-
tific-technical support for construction;

e development of recommendations for quality control of mate-
rials, joints, and fasteners;

e conducting control tests on materials, joints, and fasteners.
Quality control of installed structures, including using instru-
mental methods, if necessary. Determining the scope of con-
trol within the scientific-technical support programme;

¢ providing scientific and technical support in solving technical
issues arising during the construction of the building;

e quality control of construction and installation works (CIW) at
all stages of the construction process, in accordance with
the scientific and technical support programme or schedule,
which forms an integral part of the scientific and technical
support contract;

e control over compliance with the project for the construction
of the building's structures, and, if necessary, development of
proposals to strengthen or modify the structures;

e analysis of structural health monitoring data for a building un-
der construction;
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e assessment of compliance and performance of structures

built with design deviations;

e development of recommendations to address identified struc-

tural deficiencies.

The programme of scientific and technical support during
the CIW stage is formulated at the design phase, and it may involve
an analysis of the solutions developed in the working documen-
tation.

The implementation of scientific and technical support is pri-
marily based on the provisions of GOST 27751-2014 [1] and
SP 539.1325800.2024 [2].

To summarize, it can be said that providing scientific-technical
support during the design phase of unique high-rise buildings is
crucial, considering the complex and often individual characteris-
tics of both the underground and above-ground components of
such unique structures.

In order to ensure not only the necessary safety during the opera-
tion of unique buildings and structures, but also to optimize design
solutions, it is important, within the framework of scientific and techni-
cal support of engineering surveys, to determine the necessary com-
position of organizational and technological solutions, thanks to which
the stage of design and survey works will be the most effective at
the stage of further operation, as well as — optimal for all project
participants at the stage of direct design and survey works [14].

Scientific and technical support ensures that all factors affect-
ing the correct implementation of projects of unique high-rise build-
ings are taken into account, which allows developing more effective
design solutions. This contributes to minimizing risks, optimizing
costs and improving the safety of the object at all stages of its life
cycle (Fig. 4) [15, 16].

Thus, the relationship between the composition and results of
scientific and technical support (STS) at the stages of survey, de-
sign and construction has been established.

This means that the results of STS at each stage (survey, de-
sign, construction) are interrelated and form a single system that
ensures the continuity and consistency of solutions.

It is reasonable to perform scientific and technical support at all
stages as a single set of works, including involvement of specialists
who participated in the STS of survey and design in the STS of
construction.

This is due to the fact that the features of the object identified at
the stage of STS design (including forecast values, reserves and
stocks) allow making more reasonable conclusions about the reli-
ability and safety of the object at the stage of STS construction.
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KomMmnnekcHbIv nogxoa B pamMKax
Hay4YHO-TeXHU4YeCKOoro cornpoBoXxxaeHus
YHUKaJbHbIX 06bEKTOB Ha BCEX aTanax
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Mo3ToMy Hay4HO-TEXHUYECKOE COMPOBOXAEHNE Ha BCEX dTanax
urpaet Kinto4eByto posib B o6ecneyeHnn 6e30nacHoCTu, Haaex-
HOCTU 1 3PDEKTUBHOCTU TAKNX OOBLEKTOB.

OpHako OTCYTCTBME KOMMIIEKCHOTO MOAXOAA K COMPOBOXAEHNIO
TaKnX 06bEKTOB MOXET MPUBECTU HE TOJBKO K YBEIIMYEHUIO CPO-
KOB MX peanusaumu, HO N K PUCKY BOSHMKHOBEHUS HELUTATHbIX
CUTYyauMin B XOAE UCMONTHEHNS MPOEKTOB B CBA3W C HEBbIMOMHE-
HVeM oTAeNbHbIX BUAOB PaboT B paMkax Hay4HO-TEXHUYECKOro
conpoBoxAaeHus. B naHHol ctatbe paccmarpuBaeTcs opMupo-
BaHMe KOMMMEKCHOro NoAxofa K Hay4HO-TEXHUHECKOMY COMpo-
BOX/AEHWIO HA KaXKAOM 3Tane )XM3HEHHOro LmKa 06beKTa.
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Llenb. Pa3pa6oTka n 060CHOBaHME KOMMIEKCHOrO noaxofna
B 4aCTu BbIMOJIHEHUA HAYyYHO-TEXHUYECKOro COnpoBOXAEeHUA
YHUKaJIbHbIX 0O0BbEKTOB Ha BCEX aTanax UX >XWU3HEHHOro LmnkKna.
[aHHas cTaTbs HamnpaBfieHa Ha BbIIBAIEHME KIHO4EBbIX MOAXO-
0oB, ob6ecnevmnBatroLLnx 3PPEKTUBHOE yrNpaBneHue npouec-
camu, B pamMkax NnpoBefeHUst Hay4YHO-TEXHUYECKOro COMpPoBO-
XOEHUS, MUHUMN3ALMIO PUCKOB M MOBbILLEHNE 6€30MNacHOCTH
YHUKanNbHbIX 06GbEKTOB.

MaTtepwuanbl 1 meToabl. B ctaTbe paccmaTpmBaeTcs KOMMek-
CHbIN nogxon K Hay4YHO-TEeXHUYEeCKOMY COMPOBOXAEHUIO YHU-
KanbHbIX 0OBEKTOB, KOTOPbIA 6a3MpyeTcs Ha aHanus3e Hop-
MaTUBHO-NPaBOBOM 6a3bl, MPAKTUYECKOM OMbITe peanu3aunuun
NPOEKTOB, a TakXe MHTerpaunm TeopeTUHeCKUX 1 NpakTUHecKmx
meTofoB. OCHOBHOE BHUMaHWE yaenseTcs (OpMMpPOBaHUIO Me-
TOAVKW U OCHOBOMOMAarawLmx NpUHLMNOB B YacTU KOMMJIEK-
CHOro nogxopa, obecnevnBatoLLero 3PPeKTUBHOE yrpaBneHme
06bEKTAMM Ha BCEX 3Tanax Mx XU3HEHHOro LMKna.

Knto4yeBble cnoBa: Hay4YHO-TEXHUHYECKOE COMPOBOXAEHNE, Me-
TO4OJI0rNs, CTPOUTESIbCTBO, aPXUTEKTYPHO-CTPOUTESIbHOEe [1PpOo-
EeKTUPOBAaHUE, YHUKAJIbHbIE BbICOTHbIE 34aHWUs U COOPYXEHUS,
3gaHus knacca KC-3
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The paper discusses non-commercial issues of shopping centres development, its role for creating comforta-
ble environment according to the Integrated development of territories (IDT). The IDT concept suggests creat-
ing comfortable living areas with smart planning of social, public and business places. The main role in creating
comfortable urban environment play attraction centres — apparently, Neighborhood and Community centres can
perform such a function for both new and developed areas. Statistical data presented in the paper confirms pop-
ularity of Community shopping centres construction in new residential areas in various cities of Russia. The au-
thor pointes out the new elements, which carry out social function, attract visitors, meet the demand of the hab-
itants of the neighborhood. Recommendations of the IDT Standard for shopping facilities, regarding the low-rise,
middle-rise and central models have been pointed out for the new areas of construction. New outside elements
are suggested to be included by developers at the concept and new district planning stage, regarding parking
and landscaping. As an example of the existing residential areas development a project in Moscow is studied.
A development company transforms movie-theaters of the soviet period into Community Centres and focuses
on a close interaction with local community and loyalty program. Based on the optimal tenants mix their concept
allows to increase the shopping centre attendance, events and discounts also stimulate new visits. The article
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ommercial estate in Russia has transformed
gradually from clothing markets to modern
shopping malls. At each stage of its devel-
opment shopping real estate reflected the current
demand tendencies [1]. In 2020 the Federal Law
No. 494 “Amendments to City Plan Code of the Rus-
sian Federation and some legislative acts in order to
provide integrated development of territories” [2]
was passed and later some other amendments for
better functioning of IDT mechanisms. The changes
logically confirmed the vector towards auxiliary
needs of visitors, which has been shaping during
the past years. According to article 64 p.1 of
the City Plan Code of RF 5 main goals of IDT in-
clude: providing proper conditions for development
of transport, social and engineering infrastructure,
settlements territories’” amenity and landscaping,
better access to such infrastructure, efficient use of
settlements’ territories, also for creating comfortable
city environment, service and employment points.
Achieving those goals is impossible without, first of
all, neighborhood and convenience shopping cen-
tres [3] with thoroughly considered concept [4].
The Standard for integrated development of ter-
ritories was worked out by the Construction Ministry
(Minstroy), DOM.RF and CB Strelka (Construction
Burau), the Standard was initiated n the Govern-
ment Chairman for IDT adaptation [5]. The recom-
mended percent of social and business infrastruc-
ture for low-rise, mid-rise and high-rise residential
development is correspondingly 10-20, 20-30
1n 30 % and more [6]. The standard implies division
into coverage sub-areas in case of a large territory
of residential complex, as the standard model is for
land plots of 14ha, which is the most comfortable
for walking accessibility. Social and business area

consists of street-retail and single-standing build-
ings of a specialized purpose. The standard recom-
mends [7]: “In the case of low functional variety of
the territory it is recommended to include a magnet-
unit (a leisure centre, for example, which attracts
visitors from other city districts and creates addi-
tional traffic for other elements of shopping, servic-
es and leisure infrastructure”. Thus, it is the neigh-
borhood shopping centres that can enrich and
improve residential complex’s infrastructure, as it is
the place where interest of retail and customers
meet: large indoor spaces allow to form the most
convenient tenant mix (shops, services, entertain-
ment) at one place and create a favourable leisure
atmosphere [8].

By the end of 2024 (Fig. 1) 397,000 sg. m of
shopping centres have been built. The main share
is presented by regions — 68 %, including 13 %
Moscow region. Moscow share is 32 % [9].

During the first 3 months of 2025 five malls have
been opened in Moscow: BOTANICA, a part of
transporting connection point at st. Botanicheskaya
(GLA: 28.5 thous. sq. m), meeting point VITYAZJ
from ADG Group (GLA: 11.0 thous. sq. m), AFlI
GAllery (GLA: 8.1 thous. sg. m), ZYORNISHKO/
CORN (GLA: 6.4 thous. sg. m), ZILART universal
store (GLA: 16.7 thous. sg. m). Total GLA of the malls
appeared January-March 2025 is 69 thous. sg. m
(+102 % yly). Till the end of 2025 about more than
20 malls are expected, which, provided on-time
commissioning, can even lead to record-breaking
figures for the period of 2017-2025.

There was no opening of shopping centres in
2023-2024 in St. Petersburg, whereas in the 1st
quarter of 2025 a gradual opening of Park Mall
(GLA: 30 thous. sg. m) at London Park has started.
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Fig. 1. Volume of construction of new shopping centres 2014-2025, thous. sq. m

Also 5 more malls have been announced to be open in 2025:
HOLLYWOOD (GLA: 60 thous. sg. m), SKY (GLA: 25.7 thous. sg. m),
second phase of Eco Park Murino (GBA: 12 thous. sg. m) and two
projects from Kronung Group — at Novogorelovo (GLA: 11.8 thous.
sg. m) and at the residential complex Sun City (GLA: 3.8 thous. sg. m).
Total amount of the expected malls is 136.6 thous. sg. m.

January—March 2025 nine malls opened in regions of Russia,
with total square almost 80 thous. sg. m: Grand City Kemerovo
(GLA: 30.0 thous. sg. m), DEPO in Voronezh (GLA: 12.5 thous.
sq. m), Esfera Centre in Naljchik (GLA: 12.0 thous. sg. m), Mosko-
vskii in Velikii Novgorod (GLA: 6.9 thous. sg. m), Soldatov in Perm
(GLA: 6.5 thous. sg. m), Melnitsa in Tula (GLA: 5.0 thous. sg. m), lIj
in lljinskoye (GLA: 3.3 thous. sg. m), Arsenal in Perm (GLA: 2.5 thous.
sq. m) Danish Quarter in Mitishchi (GLA: 1.3 thous. sg. m).

Till the end of this year 200 thous. sg. m of malls is expected,
which is 9 % less than in 2024. Regional market shows the tendency
for smaller average square of shopping centres: in 2000-2014 it
was 30.8 thous. sg. m, in 2015-2025 it reduced by 25 % — till
23.2 thous. sg. m.

Construction of qualitative shopping centres continues in Rus-
sia, comprising mostly neighborhood ones. GLA of 75 % shopping
centres built since the beginning of 2024 is about 15,000 sqg. m.
The trend for neighborhood shopping centres is a result of decen-
tralized development of city areas. Since cities grow via new resi-
dential areas, the demand for better infrastructure and shops with-
ing walking distance grows as well. Retail has to transform to remain
up to date and attractive. The transforming buyer’s behaviour de-
fines development vector of retail market, stimulating participant to
catch up. As shopping centres have to adopt to the increasing seg-
ment e-commerce [10] new formats and attraction points prove to
be extremely useful.

Since 2000's food court, entertainment and kids’ zones [11] be-
came essential part of shopping malls. During the last 5 years new
social and business tenant appeared, such as “My documents”,
MOEK and other organizations. Rates are very low for such tenants,
but they attract huge traffic (rate issues are not a subject to this
paper).

Social function also continues to develop and progress. Be-
sides basic segments new ones are appearing and taking root re-
flecting social function, they don’t make much profit, but are very
convenient and attractive for visitors.

The main new element is children’s fests and celebration ac-
tivities of the main holidays or just seasonal. Interesting to mention:

all parties benefit from it: parent get free entertainment just by their
home, tenants act as sponsors and advertise their products, visitors
attend their ans neighboring shops, food places, supermarket.
Graudally a loyal attitude to the shopping mall appears, especially
if the even was successful [12]. Many families, leaving nearby can
come together or get acquainted, which cultivates positive climate
in the neighborhood.

Almost all shopping centres already have kids’ zones with free
sensor screens for children with drawing or puzzle games.

A similar effect has exhibitions and master-classes for grown-
ups. A shopping centre can support local artists, painters, musi-
cians or invite from the city.

Current generation is very environment-oriented, sharing ideas
of reasonable economy, things re-use, waste sorting and recycling.
Shopping centres also don't stay away from the green movement:
there are separate waste bins at the floors, special boxes for batter-
ies, lamps, clothes and other things. People know, that in their
neighborhood there is a place where they can apply their care
about the planet and the idea is shared [13].

Parking place comes at hand as during the last 5-7 years elec-
tro scooters and electro bicycles, not to mention bicycles have be-
come extremely popular and the malls’ parking is a very convenient
place to rent or to leave this kind of transport.

Charging zones for smart phones ans other devices, free wi-fi,
info via applications is also for mutual use.

It's becoming popular to place express health-check points at
shopping centres: just pressure and temperature scanners or small
cabinets with specialists.

Local residents now can meet a technological innovation, such
as robot-administrator, helping with navigation or other issues at
their own neighborhood centres, without going to central regional
malls.

Original museums, reading corners or book-exchange points
are also a part of shopping centres’ concept now.

There is news about shopping centre exterior space as well.
Leasure territory makes a mall more popular and successful. Hod-
inskoe Pole Park is a good example of such symbiose: sport facili-
ties, green landscaping, children’s playgrounds and one of the most
popular in Moscow shopping centres “Aviapark”.

Based on the Standard developer has an opportunity at the area
planning stage incorporate in the malls’ concept not only revenue
interest, but also IDT improvements, for example: to place a shop-
ping centre (or even several, depending on the territory size) at

#2/2025



#2 /2025 MexxayHapoHbIN Hay4HO-TEXHUYECKUIA XXypHarn HeoBmX1UMOCTb: SKOHOMMKA, ynpaBneHne

FPA[JOPET'YJINPOBAHME U YNIPABJIEHUE XWIULLHO-KOMMYHAJIbHbIM KOMMJIEKCOM

Multicinema
hall
entertainment
hobby and
education  goaing ;
club Sommelier
i i courses ;
?ermrsétﬂﬁ degustaions Rgmgg Sport
fests po
Playgrounds sports
animators nutrition
holidays Seasonal
fairs Make up
i tasting
Kids “C’E?SZE farmers courses Clothes
culinary products beauty
school contests and
stylist shoes
Household Hea(ljth
goods an
Everyday goods beauty
and services

ONEHTA

Fig. 2. A variant of effective tenant mix for a Neighborhood center

Loyality programme

Collecting
customer
information

44 Personal

data
o ﬁ Purchase
“ oing
B Events
@ Polis
= WiFi
Authorization

Messages
analysis
and sending

#& Segmentation
T Messages
1% Bonuses E

Fig. 3. Loyalty programme of a shopping center



HeaBmXnMoCTb: 3KOHOMUKA, ynpaeneHune

MexayHapoaHbI Hay4HO-TEXHUYECKUI XYypHan

TPAJOPETYJIUPOBAHME W YNPABJIEHUE XUJTULLHO-KOMMYHAJIbHBIM KOMMJIEKCOM

55

the most convenient places, to calculate optimum size, to plan so-
cial and public elements, necessary for the neighborhood, to do
landscaping considering parking and vehicles, playgrounds, to
combine quest and residential parking (especially for “free of cars”
courtyard concept), to add an extra bus stop.

Functional neighborhood shopping centres’ concept at the new
construction areas is preferable, and that is exactly what developer
company ADG suggested even before the IDT law: the company
worked out a net of new Neighborhood/Convenience shopping cen-
tres for existing residential areas. The main idea is to compensate
the lack of local attraction points after complete redevelopment of
soviet period movie-theaters into leisure and shopping centres.

According to the ADG the effective tenant mix of everyday
goods and services, coffee places, restaurants, movies, activities
and entertainment (Fig. 2) provides high traffic during the whole
day [14].

The individual approach of Customer loyalty programme cre-
ates close long-term relationship with local habitants offering them
extra occasions for visits. Individual communication system allows
to target the offer to those really interested, which is reflected at
Fig. 3. The constructive open plan effect combines with confidential
relationship with residents and online resources.

There are also insights about residents for better range of prod-
ucts, online full range, centralized network of pick-up points that
allow to reach the maximum income per square meter.

Developers are interested in taking into consideration IDT con-
cept for designing shopping centres as the last 10 years have
confirmed the benefit of enlarging social function and including en-
tertainment and public zones [15]. The more comfortable and inter-
esting a shopping centre is the more traffic of loyal visitors it has
and the longer they stay at the centre the higher is the bill. And
the city and its residents get effective infrastructure and a possibil-
ity to satisfy needs without inconvenient long trips as well as addi-
tional working places. The IDT concept gives developers conveni-
ent instruments, such as the Standard, practical recommendations,
which promote complex approach at the stage of planning new ar-
eas or developing the existing ones. As a result, neighborhood
shopping centre becomes a place that residents love, are proud of
and consider to be a part of their life.
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Ba HOBbIX panoHHbIX TL| B pasnunyHbix ropogax Poccuun. AsTo-
POM BbIAENEHbI HOBbIE 3NIEMEHTbI, BbINOMHALLNE COLManbHY0
hyHKLMIO, MpUBREKatoLne noceTuTenen n yaoBneTesopsioLime
NoTPEObHOCTU XMBYLLMX MO COCEACTBY ropoxaH. Viccnepytorcs
pekomeHgauun B Ctanpgapte KPT B OTHOLUEHUW HEABUXUMO-
CTW TOProBOro Has3Ha4YeHus Asi Mano3aTaxHoON, CpefHeaTaxXHon
N LieHTpanbHOW Mofesnen npu HoBOW 3acTporike. [nsa geseno-
nepoB NpefaoXeHbl BapuaHTbl OpraHM3aumm BHELLHEW cpefbl,
KOTOPbIe HY>XHO MPefycMOTpeTb Npu pas3paboTke KOHUenuum
MUKpOparoHa 1 Bbibope MecTornonoxexus ana TLi, cBssaHHble
C NMapkKoBKOW, 6naroycTporcTeoM. B kayecTBe npyumepa passu-
TUSA yXe CYLLIeCTBYIOLMX parioHOB pacCMOTPEH MPOEKT co3fa-
HWMS COCENCKUX LIEHTPOB B peayfibTaTe pefeBenornMeHTa co-
BETCKMX KMHOTEaTpoB OAHOW U3 [eBenonepCcKux KomnaHum
MockBsbl. [pn pa3paboTke KOHLENLMM OCHOBHOE BHUMaHWe yae-
nseTcs B3aMMOLENCTBUIO C XUTENSMU parioHa, noaaepXaHuio
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nporpamMmsl osinbHOCTU. Bnarogaps cosgaHuio onTUMasbHOro
Habopa apeHOaTopoB yBenuuuBaeTcs nocelleHune TL B pasnuny-
HOEe BpeMmsi, pa3BriekaTesibHble MEPOMNPUSATUS UM CKUOKN CTaHO-
BATCA NOBOAOM O OOMNOJIHUTESIbHbIX BUSUTOB. CTaTtba NomMo-
raeTt OueHUTb, HAaCcKobko KoHuenuua KPT nomoraet c6nM3ntb
VHTEepechbl 6u3Heca 1 06LLeCTBa, KakMe MHCTPYMEHTbI U haKTo-
pbl 3TOMY CMOCOBCTBYIOT.

Knro4deBble crioBa: ctaHgapT KOMIJIEKCHOrO pa3BUTUSI TEPPU-
TOpUN, KOMGOPTHasi ropofcKas cpeaa, HoBble 3/IEMEHTbI paui-
OHHOro TOProBOro LeHTpa, fneLexogHasi 4OCTYNHOCTb, MPOoXo-
ANMOCTb, 06LEeCTBEHHbIE MecTa, coynarnbHas yHkyms TL,
LeHTpasibHasi MOAESIb, OKPYXXHOV TOProBbIV LIEHTP
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Improvement of the methodology for creating
an architectural digital information model of
a residential building using a modular approach

The aim of the study is to analyze the application of a modular approach based on a library of standardized build-

ing blocks and Building Information Modelling technologies (BIM technologies) in the design of typical residen-

tial buildings.

Research hypothesis: creation of BIM models of typical residential buildings using a modular approach and

a library of TIM components reduces the time required to complete design work, reduces cost and improves

the quality of design work. Research methods: analysis, synthesis and modeling.

The methodology for creating digital information models of typical residential buildings, described in principle

in previous works, was considered in relation to all possible special cases. Based on the projects of the Atom-

stroykomplekscompany, fundamentally possible variants of typical residential buildings were determined —

these are three groups: point, sectional and corner buildings with different floor areas, divided into subgroups by

the number of elevators.Staircase and elevator unit modules were created for each subgroup. At the next stage,

the parameters of the number of storeys and floor area for the BIM models in each of the subgroups of residential

buildings were changed, and the changes occurring in the library modules were determined. As a result, the ac-

tions that need to be taken to library modules for their adaptation for use in apartment buildings with different

numbers of storeys and floor areas were described.

As a result, the following was determined:

* possible variants of architectural forms of plans of residential buildings;

¢ changes that library modules may undergo due to changes in the area of a residential building during the de-
sign;

¢ measures that should be taken to adapt library modules to allow for changes in the area of sections of resi-
dential buildings.

Keywords: building Information Modeling (BIM), digital information model, methodology for creating digital in-

formation models of typical residential buildings, BIM module library, residential construction, library for design
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work, mass housing construction.

INTRODUCTION

ull implementation of BIM technologies'? into
Fthe business processes of an enterprise® leads

to the development of solutions to increase
the efficiency of their use [1]. In the case of a large
volume of similar construction projects, such a solu-
tion may be unification, which, in turn, helps to speed
up the implementation of stages of the life cycle of
typical residential buildings from the pre-investment
stage to the construction stage. This article covers
the design stage of the life cycle.

For example, the Atomstroykompleks corpora-
tion designs and builds a wide range of facilities,
such as schools, kindergartens, medical institutions,
public buildings, sports facilities, restored cultural
heritage sites and standard facilities — mass resi-
dential housing. Mass residential housing is typical
because in this type of objects it is possible to

T SP 328.1 325 800.2020. Building information modeling. Rules
for describing information model components. URL: https://minstroyrf.
gov.ru/upload/iblock/117/SP-328.1325800.2020.pdf (date of access:
29.03.2025). (rus.).

2 SP 54.13330.2022. SNIP 31-01-2003. Residential multi-apart-
ment buildings. URL: https://www.minstroyrf.gov.ru/upload/iblock/eef/
SP-54.pdf (date of access: 29.03.2025). (rus.).

3 Atomstroykompleks has started designing residential build-
ings in BIM. URL: https://atomsk.ru/company/press/news/atomstroy-
kompleks-nachal-proektirovat-zhilye-doma-v-bim/ (date of access:
20.09.2024). (rus.).

identify elements of the building, premises and
zones that can be repeated from project to project
after standardization. After analyzing completed
projects, unification was conducted with the aim of
moving to modular design. Modularity is the division
of a residential building into elements — modules,
which are the volumetric-planning parts of the build-
ing. Which building elements were chosen as mod-
ules and how they were standardized is described
in previous articles [2—-4]. Modularity involves the
repeated use of modules from project to project,
while a building can consist of modules either
100 % or partially with local individual design.

As a result of the project analysis, the following
module classification was created:

e modules of the first level, representing
the rooms of apartments (bathrooms, loggias
and balconies);

e modules of the second level, representing
apartment modules and modules of staircase
and elevator unit modules, including an eleva-
tor hall, a stairwell and an inter-apartment cor-
ridor.

For the selected building elements, the company
created standard albums containing a list of possible
volumetric planning solutions for each element.
These albums became the basis for the creation of
BIM module library. Taking into account the regula-
tory framework a BIM module library was created,
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which so far includes only staircase and elevator unit modules and
modules of the first level. The library elements are digital informa-
tion models created in accordance with the Employer Information
Requirements (EIR) of the company.

The library is owned by the customer, who should benefit from the
implementation of modular design. One of the areas of application of
modular design is to accelerate and reduce the cost of the design
process of the main type of company facilities — typical residential
buildings.This is justified by the fact that a designer, receiving
a ready-to-use BIM module library as part of a design assignment,
can create a typical residential building from a typical floor to the roof
entirely or almost entirely from the components of this library. The con-
tractor will not create a completely unique building (with the exception
of the ground floor and basement), therefore, the involvement of high-
ly qualified specialists and a large number of man-hours is not re-
quired. The use of library components with the LOD 400 (Level of
Development) will allow us to come to the conclusion that the BIM
models at the stages of project and working documentation will differ
only in the design of the project sheets. It should be noted that verifi-
cation of structural calculation, hydraulic calculation, insolation calcu-
lation and others inherent in classical design remains necessary.
In addition, using library components, the designer is limited in
the use of materials and technical solutions that deviate from
the standard of the company. If a company has its own contractors,
the use of standard components and materials will improve the qual-
ity of construction and installation work and, accordingly, the opera-
tional characteristics of the facilities.

Some foreign researchers are engaged in the implementation of
amodular approach in the design and construction of typical residen-
tial buildings [5, 6]. There are authors who also suggest using
the module library in the design process and describe the mecha-
nism for changing layouts [7-9]. Other authors are taking steps to
create a system for automatically filling the library with modules based
on previously created projects, as well as automatically checking po-
tential modules for compliance with the requirements [10-12].

CREATING A TYPICAL FLOOR PLAN

In previous studies, an initial set of elements of the BIM module
library for the design of typical residential buildings was created,
which included:

e staircase and elevator unit modules;

e modules of the first level.

Methodological recommendations have been developed for cre-
ating a digital information model using a BIM module library.
The conducted timing measurements of the creating of a typical floor
of the architectural section showed that the use of a BIM module
library accelerates the process of creating an information model by
almost 40 %. The previous article [2] contains an algorithm for creat-
ing a model of an architectural section.

Fig. 1 and 2 show the floor plan of a typical residential building
assembled from library elements. The green color indicates
the staircase and elevator unit module, the green-blue color indi-
cates apartment modules, the blue color indicates bathroom mod-
ules, and the brown color indicates loggia modules.You can see
that the bathroom and loggia modules are part of the apartment
modules.

IMPROVING THE LIBRARY OF STAIRCASE
AND ELEVATOR UNIT MODULES

In the process of testing the methodology for constructing
a typical floor of an architectural section, it was discovered that
the staircase and elevator unit modules need to be improved. Their
disadvantage is that in the existing configuration the blocks are de-
signed for a certain floor area, and therefore a certain number of
apartments. At the same time, from an architectural point of view,
the shapes of sections of residential buildings in the plan can be
point, corridor and corner.

In point buildings (Fig. 3), the inter-apartment corridor is locat-
ed around the core with elevators and is its border on three sides.
The increase in the floor area of point buildings does not have a sig-
nificant impact on the architectural section, since it occurs in most
cases due to the increase in the area of apartments, while the di-
mensions of the inter-apartment corridor do not change. Even if
the number of apartments increases, the configuration of the stair-
case and elevator unit module does not change; it is only neces-
sary to provide for the possibility of installing additional water sup-
ply, heating and electricity supply systems.

In corner and corridor buildings (Fig. 4, 5, respectively), the in-
ter-apartment corridor adjoins the core with elevators and is its bor-
der on only one side. When increasing the area of the section, ei-
ther due to the area of the apartments or due to an increase in
the number of apartments, the length of the corridor may change.

Fig. 1. A typical floor plan consisting of elements from the BIM module library
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Fig. 2. Elements of the BIM module library that make up a typical floor plan: 1 — loggia module; 2 — bathroom module; 3 — apartment module;
4 — staircase and elevator unit module; 4.1 — inter-apartment corridor as part of staircase and elevator unit module; 4.2 — stairwell as part of
Staircase and elevator unit module; 4.3 — elevator hall with elevator shafts as part of staircase and elevator unit module

Fig. 3. Example of a point section



#2 /2025

MexayHapoaHbI HayYHO-TEXHUHECKUI XYypHan

HeoBmX1UMOCTb: SKOHOMMUKA, ynpaeneHune

TEXHOJIOTUSA U OPTAHU3ALNA CTPOUTENILCTBA

Fig. 4. Example of a corner section

The change in the length of the corridor and, consequently, the area
of the section is limited by the length of the escape route from
the apartment to the entrance to the stairwell.

In the corridor and corner sections, niches for utility networks are
located directly in the inter-apartment corridor. An increase in
the floor area, both due to a change in the area of apartments and
due to a change in the number of apartments, changes the configu-
ration of the inter-apartment corridor in terms of the location of
the entrance doors to the apartments. The relocation of entrance
doors to apartments in turn entails the relocation of niches for utility
networks in the space of the inter-apartment corridor and/or the in-
stallation of additional water supply, heating and electricity supply
systems. As in the case of point sections, as well as in the case of
corridor and corner sections, it is necessary to standardize the di-
mensions of niches for engineering systems in order to increase or
move them in the corridor space and seamlessly increase the num-
ber of systems.

The possibility of changing the configuration of the staircase and
elevator unit module of the architectural section entails changes
in the staircase and elevator unit modules of the engineering

sections.Engineering systems should be modified so that they can
be placed in standardized niches to seamlessly change their loca-
tion in the plan or increase the number of systems.

ADDITION OF THE METHODOLOGY FOR CREATING
A TYPICAL FLOOR

The developed methodological recommendations provide the fol-
lowing composition of the architectural module of the stair-elevator
unit:

e staircase unit;

e vertical load-bearing structures;

® non-load-bearing walls and partitions;

e trays for electrical networks;

e ventilation ducts;

e premises and basic finishing of premises.

However, in the process of testing the methodology for creating an
architectural typical floor, it became necessary to refine the staircase
and elevator unit modules. It was established that staircase and eleva-
tor unit modules can be of three types: point, corridor and corner.
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Fig. 5. Example of a corridor section

The principle of constructing the model was initially based on
the construction of point building models. However, in the previous
section it was established that it is necessary to decompose the stair-
case and elevator unit modules into 3 types. In connection with
the described features of the staircase and elevator unit module
types, the composition of the staircase and elevator unit modules
and the procedure for working with them must be changed.

For point modules, the composition does not change, the di-
mensions of the inter-apartment corridor remain unchanged, it is
only possible to increase the number of niches and trays for placing
electrical networks in them. After placing the staircase and elevator
unit module, it is necessary to add a check of the number of niches
for the placement of engineering systems.

The composition of point and corner modules can be divided
into two categories. The first category is permanent elements,
which include the stairwell, elevators and elevator hall with
the structures that limit them. The second category is variable ele-
ments, which are the inter-apartment corridor and the structures
that limit it. The procedure for working with these types of staircase
and elevator unit modules should include a process for checking
the number of niches for placing engineering systems. The process
of creating a typical floor plan must be supplemented by the pro-
cess of linking the location of niches for engineering systems with
apartment layouts. After creating a typical floor plan, a process
must be added to check the compliance of the length of the inter-
apartment corridor with the requirements of SP 1.13130.2020* and
bring the length into compliance with the standards by editing
the floor plan.

CONCLUSION

In the process of researching the methodology for applying
a modular approach to constructing architectural digital information
models of residential buildings, shortcomings were discovered that
arose due to the expansion of the range of modules of staircase and
elevator unit modules. The disadvantage is the lack of adaptation
of modules to a possible increase in the floor area or an increase

4 SP 1.13130.2020. Code of Practice. Fire protection systems. Evacuation routes
and exits. (rus).

in the number of apartments on the floor, which consists in the inabil-
ity of modules to change the number of engineering systems or
change their location in common areas.

To eliminate this deficiency, the following measures were taken:

1. The nomenclature of staircase and elevator unit module was
classified into modules for point sections, modules for corridor sec-
tions and modules for corner sections.

2. For each type of staircase and elevator unit modules, it was
determined which elements and how would be subject to change
when the area of the section floor changes.

3. The methodology for constructing a digital information model
was adjusted, operations were added for each type of staircase
and elevator unit module, taking into account the possibility of
changing the area of the section floor.

In the future, it is necessary to test an improved method for
constructing digital information models using improved modules of
staircase and elevator unit modules.
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CosBepLUueHCTBOBaHME METOA0JI0rMU co3aa-
HUA apXUTEeKTypHOU umdposoun nHcpopma-
LMOHHOM MOAENN XXUIOro 3AaHus ¢ npume-
HeHueM MoAaynbHOro noaxoaa

MpeaMeToM UccnenoBaHws ABASeTCs NPOLECC NPOEKTUPOBAHUS
TUMOBbIX MHOTOKBAPTUPHbIX AOMOB. Llenb nccnepgoBaHus — aHa-
N3 NPUMEHEHNS MOZYbHOIO NMOAX0Aa, OCHOBAHHOTO Ha 6U6NK-
OTEKe TUMOBbIX MOZYJEl 3AAHUA U TEXHOMOIUAX UHPOPMaLIM-
OHHOro mMopenvpoBanus (TUIM), B NpoeKTVpOBaHUU TUMOBBIX
MHOrOKBapTUPHbIX JOMOB.

lvnoTesa nccnepoBaHus: co3gaHne LMGPOBbIX MHPOPMALIMOH-
HbIX MOZEenen TUNoBbIX MHOTOKBapPTUPHbLIX JOMOB C NPUMEHe-
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MeTogonorus co3ganHmsa LM@POBbIX MHPOPMALMOHHBIX MOAEe-
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HUTENIbHO KO BCEM BO3MOXHbIM YaCTHbIM ciy4asM. Ha ocHose
NPOEKTOB KOMMaHUn ATOMCTPOMKOMMEKC 6bIN onpeneneHs!
NPUHLMNMANbHO BO3MOXHbIE BapuaHTbl TUMOBbLIX MHOIOKBap-
TUPHbIX OMOB — 3TO TPWU TFPynmnbl: TOYEYHbIE, CEKLMOHHbIE
1 YrnoBble AoMa C pasnn4yHou nmnowafbio ataxa, paséutbie
Ha moArpynmnbl Mo KonnyecTsy NMATOB. [Ona KaXKaon nogrpynmbl
6b1I1 co3aaHbl MOAYIN NIECTHUYHO-NNMPTOBLIX Y3/10B. Ha cneny-
IOLLEM 3Tane M3MEHANUCb NapameTpbl 3TaXHOCTU 1 NoLwann
ataxa ana LM B kaxpow 13 nofarpynn MHOrOKBapTUPHbIX A0-
MOB, ONpefensanuchk NPoOMCXoasLme N3MeHeHUst B MOaynsix 6u-
6nmoTekun. B utore 6b11m onucaHbl [EWCTBUS, KOTOPbIE HEOOXO-
OVMO NPeAnpuHATbL B OTHOLLEHMW MOAYNen 6U6NINOTEKN ONna X
afjantaumu K NpYMEHEHNI0 B MHOrOKBapTUPHbLIX AOMax C pas-
JIMYHOW 9TaXXHOCTBIO M MIIOLaAbo STaxa.

B pesynbtate onpeneneHsbi:

* BO3MOXHbI€ BapvaHTbl apXMTEKTYPHbIX (hOPM MIIaHOB XUJIbIX
[LOMOB;
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TeKW 13-3a U3MEHEHUS MJTOLLAAM XMUIOro AoMa B MpoLecce Bbl-
MOJSTHEHUS MPOEKTHbIX PaboT;

* yKa3aHbl MEPOMNPUSATUS, KOTOPbIE CNeayeT NPeanpuUHsATL Ans
agantaumm mogynen 6ubnnoTekn Ansa BO3MOXHOCTU M3MEHe-
HUS NoWann CeKLmii Xnnbix JOMOB.
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The role of functional requirements
for university campus facilities in their
design and operation

This article is a continuation of a series of publications on the further development of the network of universi-
ty campuses as innovative educational spaces in our country. At the moment, the Russian economy is facing
great challenges in the field of technological development. And the integration of education, science and technol-
ogy on the basis of modern educational spaces plays a new role as a fundamental element in the implementa-
tion of national projects and the solution of many global problems. In previous publications, within the framework
of this direction, the author disclosed the results of his research, determining the possibility and effectiveness of
implementation and application of a number of multifunctional tools, such as “Educational-technological condi-
tions”, “Educational-technological task”, “Combinatorial matrices” within the development of innovative educa-
tional spaces. The ways of integration of “Educational-technological task” with information models of capital con-
struction objects within campuses were described. The peculiarities of life cycle management of various objects
of university campuses were analyzed.

This article is devoted to the identification of the determining role of functional requirements and their prevalence
in the modern educational environment over architectural, constructive, technical and other requirements. After
all, they determine the properties of the created and developed material and spatial environment of the univer-
sity, which in turn contributes to the prestige and competitiveness of higher education. The article touches upon
the interdisciplinary approach to the stages of design, operation, repair, modernization of campus facilities, de-
termined by the need to solve a variety of tasks in them, involving in their functioning students, teachers, scien-
tists, entrepreneurs of different ages, with different interests. It is the interdisciplinary approach that can ensure
density and intensity of communications, quality of space, flexibility, ability to rebuild and experiment, diversity of
non-academic functions, formation of effective economic and management models.

Keywords: scientific and technological development, innovative methods, material and spatial environment,
technological companies, requirements, interdisciplinary approach, environment parameters

INTRODUCTION the ountry's transition to the next technological
modes. It is necessary to implement a set of organ-
izational, legal and other measures aimed at a sig-
nificant increase in the efficiency of expenditures
on research and development, increasing the return
on investment in the relevant areas of the economy
for the development of national research and devel-
opment centers. The creation of effective partner-
ships with domestic and foreign research centers,
the emergence and development of private compa-
nies capable of becoming leaders in technological
markets can play an important role in this direction.

This is what the Standard of Innovative Educa-
tional Environment (campuses) [3] is largely aimed
at with its requirements and provisions, such as:

for Scientific and Technological Development of

the Russian Federation, the priorities of scientific
and technological development of Russia will be
those areas that will allow to obtain advanced scien-
tific and scientific-technical results, to form break-
through technologies that are the basis for innova-
tive development of the domestic market of products
and services, sustainable position of the country
in the foreign market. They will enable the transition
to advanced digital, intelligent production systems,
creation and application of high-tech products [1].

Accordingly, systemic changes in approach-
es to scientific and technological development of
the country are required to achieve technological
sovereignty in the field of critical and cross-cutting
technologies. And on this path, it is necessary to
consolidate the efforts of federal public authorities,
public authorities of the subjects of the Russian

I n the next 10-15 years, according to the Strategy

e creation of campuses as centers of new op-
portunities, points of migration, technological
and investment attraction;

e end-to-end implementation of digital twin
technologies;

Federation, scientific, educational and business * necessity and possibility of creating innova-

community, civil society institutions to create favora- tive products, modern technologies, patents

ble conditions for the development and application on the basis of research infrastructure;

of science and technology in the interests of socio- * maximum involvement of students of all levels

economic development of Russia [2]. in project, research activities, technological
In order to ensure leadership in traditional and entrepreneurship, and sports life of the univer-

new markets of technologies, products and servic- sity;

es, to build an integrated national innovation sys- e creation and continuous increase in the num-

tem, it is necessary to concentrate resources in or- ber of high-performance jobs;

der to obtain new scientific results necessary for e formation of flexible ecosystems of techno-
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logical entrepreneurship with support from industrial part-
ners, development institutions;

e provision of elements of related business infrastructure and

continuous improvement of user satisfaction.

The campus that provides these conditions will be transformed
into a center of innovative production and implementation of new
technologies, attract the most highly productive and creative work-
force due to the availability of innovative infrastructure and high
standard of living on its territory [4]. This is the target image of new-
type campuses. But for this, it will be necessary to revise the ap-
proaches and ensure a variety of factors in the design and organi-
zation of the material and spatial environment.

PRINCIPLES AND FACTORS OF SCIENTIFIC
AND TECHNOLOGICAL DEVELOPMENT

In the current situation and under the conditions of providing
complex functional requirements, the subjects of scientific and
technological development in our country can become:

e associations (technological holdings, etc.), including educa-
tional, research, design and production base, pilot produc-
tion, which can be formed around technical universities or
technological companies on the basis of an integrated ap-
proach [5];

e research consortia, capable of implementing large-scale tech-
nological projects up to the development of prototypes ready
for commercialization, the main functionality of which will be
aimed at the operational solution of scientific and educational
tasks by building effective interaction between the consortium
members by combining their own and external resources, re-
distribution of these tasks between them and optimization of
costs for research, development and technological work [2].

In the activities of such entities, it is possible to identify the most
significant principles of scientific and technological development
and group them by directions: financing, opportunities, support
(Table 1).

The described principles, in the conditions of state policy in the
field of scientific and technological development of the Russian
Federation, suggest the availability of opportunities and prospects

Table 1. Principles of scientific and technological development

for the use of innovative methods, new technologies in the transfor-
mation of education and science, and the integration of education,
science and business.

But such global changes in the organization of scientific, tech-
nical and innovation activities lead to the emergence of new signifi-
cant internal factors for the scientific and technological deve-
lopment of the country, which also need to be taken into account in
the analysis of ways to address the goals and objectives [1].

Such factors include:

e compression of the innovation cycle: the time for obtaining
new knowledge and creating new technologies, products and
services and bringing them to market has been significantly
reduced;

e blurring of disciplinary and industry boundaries in research
and development;

e a sharp increase in the volume of scientific and technological
information and the emergence of fundamentally new ways of
working with it;

e changes in the forms of organization, hardware and software
tools for research and development;

e growing requirements to the qualification of researchers, in-
ternational competition for talented highly qualified workers
and their involvement in science, engineering, technological
entrepreneurship;

e increasing role of international standards;

e the emergence of a limited group of countries dominating in
research and development and the formation of a scientific
and technological periphery that is losing its scientific identity.

THE ROLE OF FUNCTIONAL REQUIREMENTS

The basic requirements for the functioning of the campus listed
in the introduction should be ensured by an appropriate material
and spatial environment. For example, in order for the campus to
become a platform for joint development of researchers and busi-
nesses, incubators and startups, it is necessary to provide a num-
ber of multifunctional spaces for joint projects of the university and
companies, which will be aimed at the creation and testing of new

Directions Principles Significance of the principles
Financing Integrity of the innovation | Ensuring “seamlessness” and provision of support measures at all stages of technology creation and implementation
cycle from research and development to implementation in the real economy within the framework of the technological de-
velopment ecosystem
Concentration of resources | Focusing intellectual, financial, organizational and infrastructural resources to support research and development,
creation of products and services
Opportunities | Freedom of scientific and | Providing opportunities for scientific teams and organizations, other participants of research and development
technical creativity to choose and combine directions, forms of interaction, methods of solving research, technological problems while
increasing their responsibility for the effectiveness of their activities and the significance of the results obtained for
the development of the national economy and society [6]
Openness Effective interaction of scientific organizations, participants of research and development with representatives of
the business community, society and the state, as well as based on national interests with the international community
Recognizing the right to risk | Possibility of failure to achieve the planned results of technological works, including research and development works
Support Systemic support Ensuring a full cycle of obtaining new knowledge, developing qualitatively new technologies, creating innovative,
breakthrough products and services, forming new markets, and taking a sustainable position in them
Rational balance State support for research and development aimed at solving both significant tasks within the framework of the pri-
orities of scientific and technological development of the Russian Federation and tasks initiated by researchers and
conditioned by the internal logic of science development, state and public support for fundamental research as a tool
for long-term development of the country
Fair competition Use of public mechanisms to provide access to public infrastructural, financial and non-financial resources to
the most productive research teams, other subjects of scientific, scientific-technical and innovative activity regardless
of their organizational and legal form and form of ownership >
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technologies. In the necessary volume for the future development
and corresponding to a number of functional requirements for
the possibility of transformation. Today, in the architectural and ur-
ban planning understanding, a modern scientific and educational
complex is a cluster system, which includes various types of ob-
jects: educational centers, workshops, research laboratories, as
well as public recreational and residential facilities [7].

In order to keep the campus oriented towards practice-orient-
edness, to increase students' responsibility for the results of learn-
ing, to form programs of cognitive development of personality, to
participate in modular learning, to individualize the educational pro-
cess, it is necessary to provide the campus infrastructure with ap-
propriate spaces, educational and technological equipment, net-
works and equipment for building individual educational trajectories
or educational trajectories for small groups. And to integrate
the campus into the city structure with a balance of functions for
convenient life, study and work, it is necessary to adapt its infra-
structure, material-spatial environment and management models to
the new joint demands of the university, business, municipal au-
thorities, local residents, etc. using parameterization mechanisms.
The output should provide the necessary degree of dispersion, i.e.
the counter availability of urban infrastructure necessary to ensure
the activities of the campus [8].

At the same time, functional requirements to campus facilities
by their specificity can have functional-organizational, functional-
technological, functional-infrastructural or functional-operational
properties. And refer primarily not to architectural and structural or
volume-planning solutions, but to the possibility of transformation
and adaptation of spaces, the possibility of using different combi-
nations of educational, technological, research equipment, the avail-
ability of technological networks and structures, the ability to
change temperature and humidity conditions, the ability to change
the magnitude and nature of the load on building structures,
the presence and operation of digital systems that create a unified
digital campus environment, the availability of integration digital
platforms. By their properties, functional requirements can be in-
cluded and interconnected in the Educational and technological
task as a document containing the initial data for design [9]. And
the overall functionality of the campus should correspond to the tar-
get model of the HEI defined in the program of its development.

The standard of innovative educational environment (campus-
es) [3] establishes an extensive set of basic requirements for
the functioning of the campus in terms of its basic functionality and
scientific and educational infrastructure, necessary to ensure at
the stages of design and operation of campus facilities. In their
main directions, these requirements provide the following capabili-
ties:

e realization of activities within the framework of national and

federal projects;

e conducting research and development, creating results of in-

tellectual activity and high-tech products;

e creation of structural subdivisions of universities together with

external partners;

e implementation of practice-oriented educational programs

together with industrial partners, network programs;

e organization of industry events, including those for city resi-

dents, etc.

It is these basic functional requirements that determine the pos-
sibility of achieving the socio-economic effects of the campus pro-
gram at the national level, at the entity level, at the institutional level
[10]. In turn, most of the basic requirements consist of groups of
detailed requirements that determine the possibility of their clear
formulation, control and confirmation.

If we analyze the functional-oriented requirements of the Stand-
ard and systematize them by scope of application, we can get
a clear picture of what the campus program focuses on (Table 2).

The comparison shows that the main part of the requirements is
focused on creating a favorable, efficient, safe environment for edu-
cation, science and business. And from the significant difference
between the number of basic and detailed requirements, we can
conclude about the necessary flexibility and transformability of this
environment. Thus, we can conclude that in accordance with
the Standard, it is supposed to create not only a convenient and
compliant infrastructure, but also an educational and material-
spatial environment in which it will be possible to realize the stated
goals and objectives of innovative development.

Speaking about the lists of requirements defined by the Stand-
ard, it would be rational to propose to form a corresponding register
of them for more convenient and efficient work with them at
the stages of design and operation. The Strategy for the develop-
ment of the construction industry and housing and communal ser-
vices of the Russian Federation for the period up to 2030 with
a forecast up to 2035 defines that the “register principle of develop-
ment of technical requirements” is the principle of development of
technical requirements, which implies the possibility of their practi-
cal implementation (including on a mandatory basis) only after
the inclusion of such requirements in the relevant register [11].

In addition, it is obvious to assume that requirements, even
those included in the relevant register, cannot be equivalent. In
connection with the entry into force of SP 555.1325800.2025, it is
possible to define that a requirement is a provision (normative doc-
ument) containing quantitative and (or) qualitative criteria that must
be met to divide the requirements into groups [12]. At the same
time, key requirements can be singled out as requirements, the ful-
fillment of which during the entire life cycle of a building or structure
(including the implementation of such requirements in the process
of construction, reconstruction, capital repair, as well as mainte-
nance of parameters and characteristics of buildings and structures
at the level set by these requirements in the process of operation)
directly ensures the fulfillment of the relevant tasks, i.e. ensuring
the functional characteristics of the capital construction object.

Table 2. Systematization of functional requirements for campus facilities

Types of requirements

Number of basic requirements Number of detailed requirements

Functional-technological (including requirements for the level of digital services and techno- 25 74
logical entrepreneurship ecosystem)

Functional and organizational (including service and openness requirements) 12 18
Functional and infrastructural (including requirements for material and technical equipment) 27 68
Functional and operational (including requirements provided at the design stage) 14 43
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CHALLENGES TO IMPROVE THE FUNCTIONALITY
OF CAMPUSES

In the conditions of rapid economic development it is important
to provide not only opportunities for advanced education, but also
for advanced architectural and construction design of higher edu-
cation institutions.

Itis necessary to use the results of modern ergonomic research
(anatomical, physiological and psychological changes that a person
undergoes during work) not only in the organization of workplaces
and within the framework of industrial design [13], but also in the or-
ganization of “educational” places and the design of the necessary
material and spatial environment of innovative campuses. Only in
this case there is an opportunity to increase the productivity of
the participants of the educational and research process. At
the same time, it is especially difficult, but also important, to ensure
the communication between educational, research and innovation
centers on the basis of spaces suitable for conducting joint projects.

In particular, by providing pre-determined and justified require-
ments and parameters for the material-spatial environment that en-
hance its functionality, it is possible to:

e close the needs of students, faculty and staff in a comfortable

environment for living, learning and working;

e avoid the deficit of teaching and laboratory spaces, places in
dormitories and sports and recreational infrastructure [6];

e to recalculate the standards of space per 1 student, which
at the moment do not correspond to the realities and foreign
analogs;

e expand options for conducting relevant scientific research
and engaging in innovative activities;

e close the demand for the use of end-to-end technologies in
the educational process, for example, technologies for stor-
ing and analyzing big data, virtual and augmented reality
technologies, quantum computing, etc.;

e provide conditions for the implementation of joint projects
with business, ordering research and R&D from the university.

It is important to note that the weakest point in the prospects of
the campus program is the organization and management of inter-
action between universities and the real sector of the economy and
industry business [14]. The discontinuity of the innovation cycle
leads to the fact that public investments in human capital actually
ensure the growth of competitiveness of other economies, as a re-
sult of which, the ability to retain the most effective scientists, engi-
neers, entrepreneurs who create breakthrough products is signifi-
cantly reduced in comparison with the countries leading in
innovation. Against this backdrop, there is a perception that in-
creasing the functionality of existing and emerging campus facili-
ties will offer participants the environment necessary to realize in-
novative ideas and quickly bring new products to market, increase
the general interest in the implementation of joint projects, entail
investments in infrastructure, and benefit companies from such
partnerships.

Considering the campus program at the state level, one cannot
but note that in order to ensure the independence and competitive-
ness of our country through the creation of an effective system for
building up and making the fullest use of the intellectual potential of
the nation, it is necessary to solve a number of complex and still
open tasks. Among them:

e creation and development of mechanisms for identifying tal-

ented young people and building a successful career in sci-
ence, technology and innovation;

e creation of a system of conditions for conducting research
and development, corresponding to modern principles of or-
ganization of scientific, scientific-technical, innovative activity
with the best Russian and world partners;

e formation of an effective system of communication in the field
of science, technology and innovations, providing increased
receptivity of the economy and society to innovations, as well
as conditions for the development of knowledge-intensive
business;

e formation of an effective modern end-to-end management
system in the field of science, technology and innovation;

e promoting the formation and development of models of inter-
national scientific and technological cooperation and interna-
tional integration in the field of research and technological
development.

CONCLUSIONS

Today there is a need to consolidate around the program of
university campuses researchers in the field of construction, de-
sign, pedagogy, psychology in order to study the impact of
the functional characteristics of the material and spatial environ-
ment of universities on the effectiveness of the educational and sci-
entific process, integration with business and industry, and design
options in accordance with the requirements of tomorrow. Only
such consolidation will allow to ensure the possibility of an effective
response to technological challenges, taking into account the in-
creasing relevance of synthetic knowledge and technologies cre-
ated at the junctions of multiple disciplines. And the campus begins
to represent an optimal form of organization of complex forms of
activity between permanent residents-participants of the project
campuses, partner network and external consumer environment,
which cannot occur separately [15]. In this case, the object of man-
agement in the campus becomes the creation of conditions for
the emergence of joint activities and the appropriate selection of
tools.
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Ponb pyHKUMOHaNbHbIX TPe60BaHNN
K 06beKTaM YHUBEPCUTETCKUX KaMnycoB
Npu UX NPOEKTUPOBaHUMN N IKCNyaTauumn
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Digital Platform for Life Support Management:
Topological Concept

In modern digital control platforms, reliability is achieved through the ability to reroute flows in the event of break-
downs and failures. To achieve this, it is possible to use a topological approach that considers the interrelations
of elements in various systems, including life support. An overview of existing flow routing algorithms is given;
their advantages and disadvantages are given. The paper presents a concept of flow management based on
topological tables. Formal concepts of rank (node—edge—face—cell hierarchy) are introduced. For each pair of
ranks, a topological contact relation is introduced, and the resulting matrix of sixteen topological tables T, re-
cords the incidence of elements without using metric information. Such a structure forms a compact, stable con-
nectivity storage, simplifying network updating and analysis. Then, we consider how, based on these concepts,
it is possible to organize the storage of connectivity information (topological tables) and use them to reroute data
flows in the event of node or channel failures, increasing network reliability. A description of the flow rerouting al-
gorithm is given. After a node or link failure is detected, the corresponding records in the tables are marked as in-
active, then the affected sessions are automatically identified, and the shortest bypass route is selected for each.
The sequence of operations includes:

1. Prompt table updating.

2. Classification of the affected flows.

3. Search for an alternative path or selection of a previously saved backup.

4. Instant switching to an alternative route without inter-node exchange of service messages.

If backup routes are available, the downtime is limited by the event detection delay; otherwise, the path is calcu-
lated using the updated graph with linear complexity.

Keywords: digital control platforms, redirection of information flows, maintaining operability during failures,

topological tables, topological contact, network reliability, neighbourhood
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INTRODUCTION

The importance of detecting faults
in low-current, fire-fighting, etc. systems

In today’s world, the safety and reliability of engineer-
ing systems play a key role in both the private and
industrial sectors. Low-current systems, fire-fighting
systems, and communication systems represent
complex technological solutions that ensure the un-
interrupted operation of critical facilities, the safety of
people, and the preservation of property. However,
even a minor malfunction in these systems can lead
to serious consequences, including disruptions in
production processes, material losses, and — most
critically — a threat to life and health.

Detecting faults at early stages not only minimiz-
es risks but also significantly reduces repair and
maintenance costs. For the effective functioning of all
these systems, it is necessary to implement methods
for diagnosis, monitoring, and prevention of potential
problems. Modern technologies such as automated
control systems, intelligent data analysis algorithms,
and specialized equipment help to increase the ac-
curacy and timeliness of fault detection.

One of the promising directions for improving di-
agnostic systems is the development of a new meth-
od for effective resource redistribution based on
a topological approach. This method allows one to
take into account the structure and interrelations of
system elements, which contributes to a more ra-
tional distribution of loads, a reduction in the risk of
failures, and an increase in overall infrastructure reli-
ability. The application of the topological approach

enables the identification of potential bottlenecks,
the prediction of possible faults, and the optimiza-
tion of resource usage to enhance system efficiency.

This article examines the importance of timely
fault detection in low-current systems, fire-fighting
systems, and communication systems, and propos-
es an innovative approach to resource redistribution
based on topology. Special attention is paid to
the main causes of problems, methods for their elim-
ination, and practical techniques that help to im-
prove the reliability and efficiency of these systems.

OVERVIEW OF EXISTING ALGORITHMS

Currently, there are many algorithms aimed at
the effective redistribution of resources in low-cur-
rent systems, fire-fighting systems, and communi-
cation systems in emergency situations. Among
the most common methods are:

Dynamic Resource Redistribution Algo-
rithms: these methods are based on real-time mon-
itoring of system status and decision-making based
on changing parameters. They are widely used in
automatic control systems, allowing for rapid re-
sponse to emergencies [1, 2]. A disadvantage of
this approach is the high computational load and
the need for constant data collection and process-
ing, which may lead to delays unacceptable in
emergency situations.

Graph Routing Algorithms: used in network
and communication systems for finding optimal
paths for data transmission and load redistribution
[3, 4]. Examples include Dijkstra’s algorithm, Bell-
man-Ford [5], and their modifications [6-8]. Their
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disadvantages, similar to those of dynamic resource redistribution,
are the high computational complexity when scaling the network
and limited adaptability to sudden failures.

Optimization Methods Based on Queueing Theory: these
methods regulate data flows and allocate the bandwidth of com-
munication systems [9, 10]. They minimize delays and data losses
in emergency situations. However, they are dependent on input pa-
rameters and are complex to adapt to dynamically changing condi-
tions.

Artificial Intelligence and Machine Learning Methods: al-
gorithms using neural networks and deep learning are capable of
predicting potential faults and redistributing resources in advance
to minimize damage. Their explosive increase in efficiency is as-
sociated with the development of electronics and parallel comput-
ing [11-14]. However, these methods require large amounts of train-
ing data, produce decisions that can be difficult to interpret, and
involve lengthy training processes.

Hybrid Algorithms: these combine several approaches, allow-
ing for the consideration of various risk factors and adaptation to
specific conditions [15-17]. Such algorithms are used in complex
engineering systems where a high degree of autonomy and preci-
sion is required. However, the combination of different approaches
also brings together the disadvantages of each method, such
as complexity of implementation, high computational load, and
the need for fine tuning.

The application of efficient resource redistribution algorithms
plays an important role in ensuring the uninterrupted operation of
low-current systems, fire-fighting systems, and communication sys-
tems. However, most existing approaches have certain drawbacks
related to high computational complexity, low adaptability, and de-
pendence on external parameters. Using a topological approach
helps to eliminate these problems, increase system predictability,
optimize data routing, and improve overall resource distribution,
ultimately enhancing network reliability [18]. The main outcome of
its use is the ability to predict and preempt bottlenecks, which re-
duces the load on the computational system and speeds up
the system’s response. While each group of methods has its indi-
vidual advantages, the topological approach can be used with
graph algorithms for predicting and reserving critical nodes; in
the analysis of optimization methods based on queueing theory,
the proposed approach allows for dynamic load transfer and iden-
tification of backup routes; and for artificial intelligence and ma-
chine learning methods, topological information becomes available
as additional features for more accurate prediction. Simplification of
the structural organization of algorithms through the use of topo-
logical data for more logical routing and resource distribution be-
comes possible when employing a topological approach for hybrid
algorithms.

Despite the fact that the application of the topological approach
can eliminate most of the shortcomings of the considered methods,
the aim of this work is to develop a new, “inherently” topological
algorithm.

MATERIALS AND METHODS
Statement of the problem

The goal of this work is to develop a new algorithm based on
topological tables [19, 20] that is free from the disadvantages of
the aforementioned methods. In the proposed method, the authors
aim to move away from describing topology by traditional program-
ming methods — which represent the relationships between

elements and objects using real numbers — and towards a purely
topological method. This is motivated by the fact that processing
and interpreting real numbers on a computer always lead to inac-
curacies.

Hierarchy of Components

To formalize the network, we introduce a hierarchy of topologi-

cal elements by rank (dimension):

* Node (Vertex): a zero-rank (0-dimensional) element. It de-
notes a basic object (for example, a device, a node computer,
or a switch). The set of all nodes is denoted by N;

e Edge (Link): a first-rank (1-dimensional) element. It repre-
sents the connection between two nodes through which flows
can pass (for example, a cable or a communication channel).
Formally, an edge e connects a pair of nodes (ny, n,), with
(n4, ny) € N. The collection of all edges is denoted by E;

e Face (Surface): a second-rank (2-dimensional) element. In
the context of networks, this may correspond to a closed cy-
cle of links forming an alternative route. A face is defined as
a closed sequence of edges that form a loop. For example, if
the nodes and links of a network form a ring, the faces repre-
sent such ring topologies. The set of faces is denoted by F;

e Cell (Volume): a third-rank (3-dimensional) element. This
usually corresponds to a closed volume bounded by faces. In
network models, cells occur less frequently but may describe,
for instance, autonomous subnets or isolated segments com-
pletely surrounded by links. The set of cells is denoted by C.

Definition 1: The rank of a topological element is the dimen-

sion of the corresponding object: nodes have rank 0, edges rank 1,
faces rank 2, and cells rank 3. This hierarchical model corresponds
to representing the network as a cellular complex, where nodes
are O-dimensional vertices, edges are 1-dimensional arcs, faces
are 2-dimensional polygons (cycles), and cells are 3-dimensional
regions. This hierarchy allows for a formal description of the net-
work structure and the interrelations between its elements at differ-
ent levels.

Geometric Contact

Geometric contact: two elements, whose boundaries have
common points, but which do not have any other common point,
are in geometric contact. Fig. 1 shows examples of geometric con-
tact of a T-shaped face f; and a rectangular face f,.

In the centre diagram of Fig. 1, nodes ny, n, and edge e, are
subdomains(subset) of face f; but not of face f,. The points of nodes
ny, N, and edge ey are interior points of edge e, of face f,. Faces f,
and f, are in geometric contact, but not in topological contact.
The boundaries of the two domains do not contain a common do-
main.

In the right diagram of Fig. 1, node n; and the red line segment
are not domains of the boundary of face f;. Node n5 and the redline
segment are not domains of the boundary of face f,. The bounda-
ries of the two faces do not have a common domain. Faces f; and
f, are in geometric contact, because their boundaries have com-
mon points, but the faces do not touch topologically.

Topological Contact and Adjacency of Elements

A key concept in the structural description is topological con-
tact — the incidence relationship between elements of different
ranks. An element of a lower rank is said to be in topological

>



#2 /2025

MexayHapoaHbI HayYHO-TEXHUHECKUI XYypHan

HeoBmX1UMOCTb: SKOHOMMUKA, ynpaeneHune

TEXHOJIOTUA U OPTAHU3ALINA CTPOMTENIbCTBA

No contact
Fig. 1. Geometric contact between faces f, and f,

contact with an element of a higher rank if it is part of its composi-
tion (i.e., it forms part of its boundary):

e a node is in topological contact with an edge if the node is
one of the endpoints (vertices) of that edge. In other words,
node nis incident to edge e, if nee;

e an edge is in topological contact with a face if the edge is part
of the cycle forming that face. Formally, edge e is incident to
face f, if e ef (the edge lies on the boundary of the face);

e a face is in contact with a cell if the face is part of the bound-
ary of that cell (the face forms part of the surface enclosing
the cell).

Thus, topological contact defines a “part — whole” relation: a
node is included in an edge, an edge is part of a face, and a face
bounds a cell. This relation is bidirectional: for example, if node n is
in contact with edge e (node n — endpoint of ), then edge e is also
in contact with node n.

In addition to the incidence of different ranks, one can intro-
duce the notion of adjacency among elements of the same rank
based on contact: two elements of the same type are considered
adjacent if they share a common element of a lower rank. For in-
stance, two edges are considered adjacent if they share a common
node; two faces are adjacent if they share at least one edge; and so
on. For example, if edges e, = (ny, n,) and e, = (n,, ns) share node
n,, then they are topologically adjacent via node n..

Definition 2: topological contact is the relation I, [(X,Y) be-
tween elements of different ranks, for which I, F(X,Y) is true if ele-
ment X is included in (or forms part of the boundary of) element Y. In
practice, the most important contacts are those between nodes and
edges (node — edge) and between edges and faces (edge — face),
as they describe network connections and cycles, respectively.

The presence of an extensive structure of contacts means that
the network possesses alternative connections: for example, if two
nodes are connected by several different edges through various
intermediate nodes (i.e., there exists a cycle/face linking them), then
if one of the nodes or edges fails, the network can remain con-
nected through other elements. It is precisely the use of topological
contacts (incidences) that allows one to identify such backup
routes.

Topological Tables for Flow Management

For effective management of data flows in a network and their
redirection in case of failures, it is necessary to have a data struc-
ture that stores complete information about the network’s topolo-
gy — who is connected to whom and via which cycles. A topologi-
cal table is a collection of data about the topological contacts
throughout the network, organized in a convenient form (for exam-
ple, as adjacency lists or incidence matrices).

Geometric contact

Geometric contact

Essentially, a topological table contains a map of the network:
for each node, all incident edges (and the neighboring nodes con-
nected via those edges) are specified; for each edge, its terminal
nodes and possibly the cycles it belongs to are recorded; and so
on. In its simplest form, a topological table can be implemented as
a dictionary or adjacency table: each node is mapped to a list of
neighboring nodes (directly connected via an edge). Additional in-
formation about cycles may also be stored — for instance, identifi-
ers of the cycles (faces) in which each edge participates, which
allows for the detection of alternative bypass routes.

Example of topological table’s structure: consider a network
with nodes N = {ny, n,, ns, ny} and edges £ = {{ny, n,}, {n,, ns},
{ns, N4}, {n4, n4}}, forming a cycle f; = ny—n,—ny—n,—ny (face f;).

A topological adjacency table

Node Neighboring Nodes (via an Edge)
n4 Ny, Ny
1, Ny, Ny
Ny My, Ny
ny ny, Ny

Here, for example, the row for node n; shows that n, is in topo-
logical contact with nodes n, and n, (via edges {n;, n,}, and {n,, n4},
respectively). Similarly, the table lists the direct connections for
each node. Such a table is essentially equivalent to storing
the node — edge incidence lists, but in a human-readable form that
displays the entire connectivity structure.

Another way to represent a topological table is to list all known
routes in the network, indicating both the primary and backup
paths. For any destination node, one can store not only the optimal
route but also one or several alternate routes. This concept is used
in some routing protocols. For instance, the EIGRP protocol builds
a topological table at each router, in which both the best (primary)
route to each network destination and alternative routes are
stored [21]. Under normal operation, traffic follows the primary
route, but if the primary path becomes unavailable, the protocol
immediately switches to the backup route from the topological table
without additional computations or message exchanges with neigh-
bors. This mechanism significantly reduces the time required to
restore network connectivity in the event of failures.

Definition 3: a topological table is a data structure containing
complete information about the network topology (the topological
contacts between nodes, edges, faces, etc.) used for determining
the routes for data flows. Formally, a topological table can be rep-
resented as a set of mapping: t,: N— 2F (one that maps each node
to the set of incident edges), t,: E— 2" (maps each edge to the pair
of terminal nodes), 1,: E—2F (maps an edge to the set of faces it
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Rank m, component type
Tin 1 2 3
node | edge face cell
Q 1
S node Tll T12 T13
N
c T T. T.
8 edge 21 22 23
£
S 3
e face Ty Ts Ty
X
x
4

5 Ce” T41 TAZ T43

Fig. 2. Matrix of the topological tables for linear complexes

belongs to), and so on. Based on this data, one can derive the list
of neighbors for each node and identify the presence of alternative
paths (cycles) between nodes.

Thus, the topological table serves as the basis for flow manage-
ment algorithms. With such a table, the system can solve the rout-
ing problem: choosing optimal paths for flows based on the current
network state and switching flows to alternative paths when
the state changes (for example, upon failures). Unlike local routing
tables (which store only the next hop for a destination), the topo-
logical table contains a global view of the network’s connectivity,
enabling flexible route reconfiguration and the discovery of bypass
solutions. The following sections describe algorithms for redirecting
flows in case of failures based on topological tables.

The matrix in Fig. 2 shows the 16 types of topological tables
that can be constructed for a linear complex with node, edge, face
and cell elements. The symbol T,,, denotes a table, whose pivot
elements have rank k and whose contact elements have rank m. For
example, table T;, in Fig. 2 is the topological face—edge—table.
Table T, is the topological edge—-face—table. The diagonal ele-
ments of the matrix in Fig. 2 are tables whose pivot and contact ele-
ment are of equal rank.

RESULTS

Algorithm for Flow Redirection in the Event
of a Node Failure

A node failure is a situation in which a particular network node
suddenly stops functioning (for example, due to a device power-off
or a node software fault). Formally, when node X e N ceases to func-
tion, all edges e e E incident to X (i.e. for which X e ) also cease to
operate. As a result, the removal of X disrupts all flows that passed
through it. The task of flow management is to promptly restore these
flows by redirecting them along alternative routes, if available in the
topology.

The redirection algorithm can be divided into several stages:

1. Updating the Topological Table: immediately after detect-
ing the failure of node X, the system updates the topological table
by marking node X as non-operational and excluding all edges in-
cident to X. This leads to changes in the neighbor lists: all nodes
that were previously neighbors to X lose their connection with it.
Formally, this corresponds to removing vertex X and all its incident
edges from the network graph G = (N, E), resulting in a new graph
G'=(N\X, E\e: Xee).

2. Identifying Affected Flows: the flows whose routes includ-
ed the failed node X are identified. Typically, these are flows where
X served as an intermediate node (a router) rather than being
the sender or receiver. Based on the topological table, one can find

Face — edge — table

Face Edges of the face
1 1 2 3 4 - -
2 1 (317 (25| — -
5 4 149 |23 (24| 5 |26
6 7 9 |10 | 8 6 5
7 6 |25 |22 |24 | — -
12 7 (32|58 (27| — -
13 |58 |35 |55 (30| — -

pairs of nodes whose connection passed through X. If the topo-
logical table already contains both primary and alternative routes
for each destination, then at this stage it is simply determined which
primary routes passed through X, and the corresponding backup
routes are retrieved from the table.
Flow Redirection: for each affected flow, a new route that by-
passes node X is calculated. There are two approaches:
® Precomputed Routes: if the topological table already stored
alternative paths (backup routes) for the given directions,
the system immediately switches to them. In this case, the res-
toration delay is minimal — it is sufficient to update the local
routing tables on the neighbors of X, replacing X with the next
node from the backup route;

Dynamic Route Recalculation: if alternatives were not precom-
puted, the system initiates a path-finding algorithm on the up-
dated graph G'. Typically, a shortest path algorithm (for exam-
ple, Dijkstra’s algorithm or breadth-first search) is used based
on the updated topological table. Since the table contains
complete connectivity information, the source node or a des-
ignated network controller can establish a new route from
the sender to the receiver that bypasses the failed node X.
The newly found alternative path is then distributed to the cor-
responding nodes as the new route for that flow.

4. Restoration of Transmission: the updated routes take ef-
fect, and data is redirected along the new paths. The flow is re-
stored — packets reach their destination by bypassing the segment
affected by the failure.

It is important to note that the feasibility of step 3 (the existence
of an alternative path) directly depends on the original topology. If
the failed node was an articulation point of the network (i.e., its re-
moval splits the graph into several disconnected components), then
no alternative route exists within G'. Formally, node X is an articula-
tion point if, upon its removal, the graph G' breaks into two or more
connected components. In such a case, some nodes become
completely isolated, and the flows to them cannot be restored (until
the physical problem is resolved). A topology is considered robust
if it lacks such articulation points (i.e., the graph is biconnected by
vertices) — in that case, the network withstands the failure of any
single node without losing connectivity. Similarly, the absence of
bridges (edges whose removal would disconnect the graph) signi-
fies resilience to individual link failures. The design of a reliable com-
munication system must ensure the required degree of connectivity
(for example, biconnectivity of the network graph), and flow man-
agement must efficiently utilize this connectivity for routing.

With the presence of backup connections, the topological ap-
proach ensures high reliability: flows automatically “bypass”
the failed node via other routes embedded in the network structure.
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The recovery time is limited either to the immediate switch to
a precomputed backup route or the time needed to compute a new
path. Because the topological table stores global network informa-
tion, the search for alternatives is performed locally (within a con-
troller or router) without the need to query remote nodes for their
status — thereby accelerating the system'’s reaction to a failure. For
example, in self-healing networks based on graphs, route state
converges faster if each node is already aware of the existence
of bypass paths [21]. Reducing the downtime of flow increases
the overall fault tolerance of the communication system.

Example: Restoring a Flow After a Node Failure

Consider a specific example illustrating the application of a top-
ological table for redirecting a flow in the event of a node failure.
Suppose there is a network of four nodes (A, B, C, D) connected in
aring (each node is connected to two neighbors): A-B, B-C, C-D,
D-A. Initially, traffic between nodes follows the shortest paths. As-
sume that node B is designated as the intermediate router for
the data flow from A to C (i.e., data from A is routed through B to C).
Under normal conditions, node D remains idle for this flow, even
though it is physically part of the ring.

Now, suppose node B fails (for example, due to a sudden pow-
er outage or software error). Node B and both its incident channels
(A-B and B-C) cease to function. From a topological standpoint,
B becomes unavailable, and the ring opens up into a chain A-D-C.
Nodes A and C lose their direct connection with B but remain con-
nected to each other via node D. The data flow from A to C, inter-
rupted at the moment of B’s failure, can be restored through the al-
ternative path.

In the presented example (Fig. 3, 4), the failure affects only one
flow (between A and C). After rerouting through D, data continues
to be delivered. The flow’s downtime is determined solely by
the time required to detect the failure of B and select an alternative
route. If the network did not have the redundant link to D (for in-
stance, if the topology were simply a chain A—-B-C without node D),
then the failure of B would make communication between A and C
impossible — illustrating the importance of planning a topology
without articulation points.

Initial Topology: Primary path A—B—C hihglighted

@ ®

Fig. 3. The primary network topology of the four-node ring (A, B,
C, D) with the main flow from A to C (highlighted in red via node
B). The grey dashed lines indicate the network’s backup links (in
this case, the alternative A-D-C path) which are not used during
normal operation. At this stage, the topological table contains
the primary route A—B —C for the A— C flow along with infor-
mation about the existence of an alternative cycle A-D-C

Initial route A—>D—C after failure of node B

@ X

© ©

Fig. 4. The network after the failure of node B. Node B (located
in the upper right) is marked with a red cross to indicate its failure.
The links A-B and B-C are broken. However, thanks to the ring to-
pology, nodes A and C remain connected through D (the route
A—D—C is highlighted in blue). Immediately after the failure,
the topological table is updated: node B is removed fromthe neigh-
bor lists. The new neighbor lists become: A: {D}, C: {D}, D: {A, C}.
Based on these data, the system detects that a path between A and
C still exists (via D). The route A»D—C is either retrieved from
the topological table (if it was precomputed as a backup) or com-
puted anew, and the flow from A to C is redirected through node D,
bypassing the failed B

DISCUSSION

The considered ring topology exhibits redundancy — each
node has a degree of 2 (two links), and the graph is biconnected.
The removal of any single node still leaves the graph connected.
Therefore, the probability of maintaining connectivity between any
pair of nodes is higher than in a linear topology. In such a network,
topological tables store alternative routes (for example, a direct
route through one neighbor and a bypass route through the oppo-
site node), which enhances the network’s self-healing capability.
In real networks, connections can also be interrupted for other rea-
sons (link failure, node overload, software error), but the principle
remains the same: the more alternative paths that are provided for
and reflected in the topological tables, the higher the network’s re-
silience. Flow management based on topological tables allows for
the automatic selection of these routes, maintaining service even in
the face of partial infrastructure failures.

CONCLUSION

Flow management methods based on topological tables dem-
onstrate effectiveness under conditions of node and channel fail-
ures. The formal representation of the network through the hierar-
chy “node — edge - face — cell” and the concept of topological
contact provide a rigorous foundation for routing algorithms. Topo-
logical tables serve as the central element linking theory and prac-
tice: they store the structural information about the network neces-
sary for rapid flow redirection. The inclusion of backup routes in
topological tables enables the system to react instantly to failures,
switching to alternative paths without lengthy route recalculation.
Even if alternatives are not precomputed, the availability of the com-
plete topology accelerates the search for a new route. Thus,
the topological approach to flow management enhances the relia-
bility of the communication system — the failure of individual
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components does not lead to catastrophic network breakdowns, as
issues are localized and bypassed. This is especially critical for
low-current systems and automated diagnostic platforms where
continuous and timely data transmission is essential.
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Lukinov V.A.
Valyaev A.0.

Application of the critical chain method
as a way to reduce the time of construction
project implementation

The paper considers the problems of modern development companies in a complex and unstable economic
environment. In the current conditions, the question arises about the stability of the functioning of construction
enterprises, which are forced to look for new methods, approaches and tools in the conditions of competition,
complex economic and market conditions to maintain the efficiency of operational processes, as well as to main-
tain the relevance and economic efficiency of construction projects. In the paradigm of these conditions, tradi-
tional ways of working on projects for developers require modernization and updating, taking into account mod-
ern methods of management, control, and the system of internal and external interaction between organizations.
At the same time, attention is focused not on the approach of changing and applying new tools or introducing
digital or Al tools, but on the basis of changing the internal fundamental methods of the organization. To clear-
ly formulate the problem, the concept of a project, the features of construction projects were given, the methods
of planning along the critical path and along the critical chain were analyzed. The study proposes a modification
of project planning and control based on the critical chain method. The critical chain method, in comparison with
the traditional critical path method, takes the safety time to buffers located at the end of the critical chain and
the ends of the feeder chains. Based on this, the study proposes a modification of the method adapted to domes-
tic realities, which assumes an increased total reserve of time in buffers, and proposes the introduction of a con-
tract buffer for the performance of fixed volumes of contract work. For the viability of the modified method, it is
proposed to use contracts with “reward” instruments for early completion of work. At the same time, the described
method has flexibility in the framework of time estimates in the performance of tasks for its adaptation to specif-
ic conditions contained in various construction projects.

Keywords: construction, construction project, project management methods, project execution control, criti-
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INTRODUCTION 120 millon square meters. by 2030, and this is With- | ool so0001 o84t aos.

out taking into account the construction of neces-
sary infrastructure?®. All this complicates the situa-
tion in the real estate market, in which developers
have increased risks. Not only the usual approach-
es to the implementation and internal component of
construction projects [1, 2], but also the sustainabil-
ity of enterprises in the construction sector may be
under threat.

In such conditions, the success of the project
largely depends on the timely completion of the pro-
ject without loss of quality. The key influence on
the success of the project and organizations is def-
initely the correctness of management. Digitaliza-
tion, artificial intelligence and other modern tech-
nological capabilities are only tools, not a panacea
in the implementation and management of projects.

A construction project is a multifactor stochastic
system. That is, planning predicts a certain set of
activities that are necessary to achieve the final goal,
and these activities can be disrupted by the influ-
ence of uncertainty factors generated by the mul-
tifactor environment. This applies to all works of
the investment stage of the project: preparatory,
design and construction.

In the current economic situation, the author
sees the main way to increase the liquidity of

Project management is a mechanism that has exis- LukinowWA@gic.mgsu.ru

ted and developed for quite a long time, since 1917.
In spite of more than 100 years of history, there have
not been many milestones in this field. The main
milestones starting with the invention of the Gantt
chart can be considered the development of the crit-
ical path planning method in 1957 and the invention
of the network planning schedule in 1958.

After that new approaches and methodologies
to operational management were developed, but
globally the planning and project management pro-
cesses did not change from the methodological
point of view.

All projects are based on three main factors:
timing, budget and quality. In the current situation of
high key rates and widespread use of project fi-
nancing in construction projects, the decisive factor
affecting the success of the project is the timing of
project implementation. Each month of the project
with the use of project financing is very expensive
and has a huge impact on the budget and, as
a consequence, on the level of profit.

Two factors also have a significant impact:
changes in preferential mortgage lending programs
in terms of expiration’; the national project “Housing
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and Urban Environment”, which aims to annually
increase the volume of housing construction up to

' House of the Russian Federation. The Preferential Mortgage
Programme ended on July 1, 2024. URL: https://xn--h1alcedd.xn--
d1agf.xn--p1ai/catalog/lgotnaya-ipoteka/ (Accessed: 06.03.2025).

the project as a minimum in compliance with the set

2 National goals and strategic objectives for the development of
the Russian Federation for the period up to 2024 : Decree of the Pres-
ident of the Russian Federation of May 7, 2018 No. 204.
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Factors limiting the production activity of construction organizations

Factors/Period IV quarter 2019, % I quarter 2020, % IV quarter 2023, % Il quarter 2024, %
High level of taxes 41 36 33 31
Lack of work orders 25 29 20 17
High cost of materials, structures and fabrications 29 28 45 46
Insolvency of customers 22 23 15 13
Competition 26 22 20 21
Lack of funding 24 21 13 12
Lack of skilled workers 17 15 24 31
High rate of interest on commercial loans 16 14 14 15
Weather conditions 13 12 11 12

deadlines for implementation (as the failure to meet the deadlines is
a ubiquitous factor in most construction projects) fixed in the finan-
cial model of the project, and as a maximum their reduction. This is
justified by the fact that the transformation in the methods of project
management as a way to meet or reduce the required deadlines
practically does not require additional financial costs.

THEORY AND METHODS

According to the data of the Federal State Statistics Service,
construction companies emphasize the most significant factors lim-
iting production activities, mainly those related to finance®*. The re-
sults of the specimen survey with the distribution of responses of
construction companies in percent are shown in Table.

In the course of the work we analyzed the postponement of
scheduled delivery dates of apartment building construction pro-
jects. The analysis is based on the project data of more than four
hundred developers®. This indicates that large companies have
a large resource and financial reserve to create capacity reserves
for all necessary supply lines, such as: project team, special

3 Factors limiting the production activities of construction companies in 2019-2020.
URL: https://rosstat.gov.ru/storage/mediabank/tASKTSkO/Stroitelstvo_2020.pdf (Acces-
sed: 25.03.2025).

4 Factors limiting the production activities of construction companies in 2023-2024.
URL: https://rosstat.gov.ru/storage/mediabank/Stroit_2024.pdf (Accessed: 25.03.2025).

5 The average delay in the construction of residential complexes of construction and
development companies in Moscow and the Moscow region. URL: https://msk.stroykon-
trol.info/companies (Accessed: 21.03.2025).

equipment, workers and crews, construction materials and prod-
ucts. The relationship between construction volumes and average
carryover is shown in Fig. 1.

Thus, the average value of postponement is 5.98 quarters,
which is 17.94 months or one and a half years. There is also a clear
increase in the postponement of deadlines with a decrease in
the number of realized objects, i.e. in essence the scale of organi-
zations. In such a case, the most effective method of improving
construction efficiency is methodical changes in project manage-
ment approaches and principles.

At the moment, the vast majority of organizations use the critical
path method for planning and management. The author suggests
using the critical chain method as an alternative. Within the frame-
work of the research the sequence of work when using each of
the methods is not described in detail, there is a lot of scientific lit-
erature on this topic [3-6].

Within the framework of analyzing both methods, the main dif-
ferences between them were identified, they are as follows:

e mandatory resource leveling and elimination of multitasking;

e estimation of the duration of works with 50 % probability;

e supplementing the critical chain (critical path) and the work se-
quences included in it with buffers — time reserve for work
execution.

The first point within the construction project refers more to
the planning of design works, because in this case the resources
are directly people — architects, designers, engineers, etc. In
the framework of the research, the main focus is on the works of

6738363532302925242221201817161514131211109 8 7 6 5 4 3 2

— fverage postponement, in quarters

Fig. 1. Dependence of average postponement of delivery date and number of objects
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the construction phase of the project, where the resources are
mainly contracting organizations. This stage includes differences
numbered 2 and 3.

In considering these differences and the theoretical basis of
the critical chain method, it is necessary to take into account
the duality inherent in the contracting organization in the perfor-
mance of work. On the one hand for the project it is a separate in-
dependent resource, on the other hand the units performing
the work are individual people. The latter fact substantiates the ef-
fectiveness and validity of this method within the framework of esti-
mating the duration of work with 50 % probability, since this part is
based mainly on psychological traps described in the method [5].
In the framework of the research, project planning and manage-
ment is considered from the side of ACA organizations, mana-
gement company or general contracting organization, which do not
directly control the performers of works within subcontracting or-
ganizations.

The effectiveness of applying the critical chain method to con-
struction projects is confirmed by the following sources [7-9]. In
practice, taking into account the above-described features of work
on construction sites mainly by contracting organizations, the prob-
lem of reducing deadlines is revealed. Within the framework of ten-
der procedures for the performance of certain types of work, poten-
tial organizations of performers offer their commercial proposals,
which contain the terms and cost of work. These conditions are in
fact already minimal for them, because each contractor interested
in the execution of works forms in the commercial offer the most
balanced conditions for itself taking into account the following pa-
rameters: maximum profit — minimum term — minimum risks. Tak-
ing this into account, a half reduction of the planned terms initiated
by the customer is not favorable conditions for the contractor. This
problem makes it impossible to apply the critical chain method in its
original form.

As a tool of adaptation to the realities of the construction indus-
try and contracting procedures established in the domestic con-
struction market, the author proposes the synthesis of the critical
chain method with motivation tools within the contractual relations
of the parties. This will make it possible to cover potential risks
on the part of the contractor from the reduction of terms, and at
the same time really increase his interest and motivation to con-
clude a contract with a shortened period of realization.

Taking into account that the share of apartment building pro-
jects with the use of project financing according to the Central
Bank's data for the 3rd quarter of 2024 exceeded 97 %°, and
the weighted average rate on loan agreements throughout the Rus-
sian Federation is 9.89 % according to the Bank of Russia as of
February 1, 2025. It should be taken into account that the data
of the Bank of Russia are based on all project finance projects cur-
rently being implemented. Most of these projects started when
the key rate was much lower. Currently, the rates on project finance
contracts are about 27-31 % (the key rate is 21 + 610 %). On this
basis, an increase in the cost of work contracts as an incentive
for contractors is reasonable. It is economically efficient from
the project>s point of view to contract works that are on the critical
chain, as their delay will lead to the failure of the intermediate and

¢ Project financing of housing construction in the third quarter of 2024. Bank of Rus-
sia. URL: https://www.cbr.ru/Collection/Collection/File/54851/pf_2024_Q3.pdf (Accessed:
06.03.2025).

7 Information on project financing: concluding loan agreements with developers using
escrow accounts for settlements under equity participation agreements, and opening es-
crow accounts for settlements under equity participation agreements. URL: https://www.
cbr.ru/banking_sector/statistics/?cf.date.time=Any&cf.tagid=167 (Accessed: 06.03.2025).

final deadlines of the project, which will entail additional costs to
cover the project financing debt. The motivation tools used for each
individual project should be selected through local expert assess-
ments, taking into account the reliability of the contracted contrac-
tor, the existing relationships, the importance of working within
the schedule, etc. Such methods are described in the following
sources [10-13].

This adaptation of the application of the critical chain method in
synergy with motivational tools in contracting requires additional
methodological transformations in the theoretical foundations of
the method. First, this approach should be communicated to
the contractor (in this case the person or persons on the contrac-
tor's side who are responsible for carrying out and handing over
the work under the contract) at the stage of preliminary agreement,
s0 that everyone will operate with the same data and clearly under-
stand the control structure. It also obliges the person on the client's
side to ensure that the required scope of work is delivered in a time-
ly manner. Secondly, the approach to calculating the project buffer
should be changed.

MAIN RESULTS

In the original method, buffers are placed at the end of the crit-
ical chain and in the places where parallel non-critical chains of
works (feeding) merge with the critical chain. Due to the fact that
the critical chain consists of several types of works performed by
different organizations, or by different subdivisions of the same or-
ganization, with which contracts are signed for the performance of
specific volumes, a new way of calculating and placing buffers in
the work schedule is proposed as an adaptation. There are many
ways to calculate project buffers: the fifty percent method, simple
and modified mean square error methods, the method of adapted
procedures, and the method of fuzzy numbers®. For adaptation we
use the most common method of RMS error, it takes into account
the difference in the potential complexity of the work performed and
allows us to adjust the size of the buffer with the help of expert judg-
ment. The basic formula for calculating the design buffer is as fol-
lows:

20 = 2\/(((»1—01)/2)24, ((mz—az)/2)2+ Lt ((mn—an)/z)zy (1)

where o — project buffer size (buffer per critical chain);
o, — the worst estimated duration of the work, in our case
the volume under one contract with a particular contractor.
The maximum estimate, i.e. the worst case, is proposed as
90 % of the work duration;
a, —average duration of work, also from the volume per con-
tract. Proposed as 50 % of the duration.

In this formula @, and a, are taken from the original estimated
duration of the works with the safety net time embedded inside
the works.

The essence of the proposed calculation method is to allocate
a part of the total project buffer to intermediate — contractual buff-
ers for individual works. It is necessary to distribute the time of
safety net from the buffer to the works in progress, and at the same
time to preserve the project buffer in order to secure the total pro-
ject completion time. In the original formula, when using in all works
a maximum worst case estimate of 90 % and an expected average

8 Behzad Montazeri, Comparing Critical Chain Project Managemenet with Critical
Path Method: A Case Study. Western Kentucky University, Master Thesis. URL: https://digi-
talcommons.wku.edu/cgi/viewcontent.cgi?params=/context/theses/article/2939/&path_info=
montazeri__behzad_800980779_thesis.pdf (Accessed: 06.03.2025).
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p duration of 50 %, the average size of the buffer results in an aver- 100
age of 23 % of the time margin from the reduced to 50 % com-
pletion time. In the author-s opinion this is not sufficient, since 90
the contractor's estimated duration of the work is already optimistic. 30
Thus, the following formula is proposed for calculating contrac-
tual buffers: R 70— Buffer action area
2 S
0, =2{((w, - a,)/2) ) 8 60
g’ 50
and to calculate the project buffer: § Week 18
- 2 2 2 T 40—
¢= ((01/2)/k1) +((02/2)/k2) o ((cn/z)/kn) , ) =
o
30 |
where o,— project buffer size (buffer per critical chain);
®, — the worst estimated duration of the work, in our case 207 Normal buffer
the volume under one contract with a particular contractor. 10 consumption zone
The maximum estimate, i.e. the worst case, is proposed as
90 % of the work duration;

a, — average duration of work, also from the volume per
contract. Proposed as 50 % of the duration;
¢ — project buffer size;
k, — a coefficient showing the weight of a job, i.e. the ratio of
the duration of a particular job to the duration of the critical
chain.

The k, coefficient is calculated using the following formula:

ky = vy /3 Vi, (4)

where k, — a coefficient showing the weight of a job, i.e. the ratio of
the duration of a particular job to the duration of the critical
chain;
v, — critical chain operating time;
>.vi — total duration of all critical chain operations.

Thus, the proposed calculation method incorporates the flexi-
bility to estimate the probability of average and worst-case duration
of the work through expert judgment, taking into account the unique
factors for each project, while providing sufficient buffer time for
both the work within the critical circuit and for the entire project.

The buffer calculation for feeder circuits should be performed
using the method of RMS error given in (1) or the fifty percent meth-
od, where half of the total time of the work sequence is used as
the buffer.

With the Critical Chain Method, managers have a transparent
way to monitor progress through buffers. The important thing is that
it is preventive. In the traditional format with the application of
the critical path method, the assessment of work progress does not
imply the possibility of applying preventive actions to prevent tardi-
ness, because the time margin is built into each specific work of
the schedule and the fact of tardiness is fixed too late to prevent it.

The present method proposes to control the progress of work
execution by measuring the buffer consumption. Since a buffer is
included in the schedule, overdue tasks do not start shifting all
the following tasks in the schedule to the right. The overdue work
only starts eating up the days put into the buffer by the contract, or
in the worst case by the project. And it is the degree of buffer con-
sumption that determines the status of work execution. Anexample
of the diagramis shown in Fig. 2.

As soon as the buffer flow rate leaves the white zone upwards
(as in Fig. 2), it means that it is time to take decisive actions to ac-
celerate the completion of current tasks, reinforce the preparation
of work fronts, technical and resource support, etc.

| | | | | | | | | |
10 20 30 40 50 60 70 80 90 100

Passage of critical chain of works, %

Fig. 2. Example of buffer consumption diagram for a project
CONCLUSIONS

The paper analyzes the current economic situation and its im-
pact on the construction industry. A modification of project planning
and control based on the critical chain method is proposed as
a way to increase the probability of timely completion of the project,
or to reduce the time of project execution. The stated method as-
sumes a larger aggregate time reserve in buffers than in the origi-
nal, proposes the introduction of a contract buffer for the fulfillment
of fixed volumes of contractor work. As a way of motivation for con-
tractors it is supposed to use contracts with “reward” instruments
for early completion of works. At the same time, the outlined meth-
od has flexibility within the framework of time estimates in the per-
formance of tasks for its adaptation for specific conditions con-
tained in various construction projects. This approach will allow to
increase competitiveness, to manage uncertainty more flexibly
within the framework of multifactor stochastic system of the con-
struction project, to build direct trustful relations with contractors
and to control the progress of the project with the possibility of ap-
plying preventive measures to prevent failure of the project terms.
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NMpuMeHeHne MeToAa KPUTUHECKOM Lienun
KakK cnoco6 cokpallieHUsi CPOKOB
peanu3auum CTPOUTEsNIbHOIO NpPoeKTa

B ctatbe paccmoTpeHbl Mpo6nembl COBPEMEHHbBIX AEBENONEp-
CKMX KOMMaHWI B YCINIOBUSIX CITIOXXHOWN Y HECTabWUTbHON SKOHOMU-
YeCKoW 06CTaHOBKUW. B HbIHELLHMX YCNOBUSIX CTaBUTCS BOMPOC
0 CTabUNIbHOCTU PYHKLMOHUPOBaHNSA CTPOUTENbHBIX NPEanpus-
TUIN, KOTOPbIE BbIHYXAEHbI B YCNOBUAX KOHKYPEHLMN, CIIOXHbIX
3KOHOMMWYECKMUX N PbIHOYHBIX YCOBUI UCKaTb HOBbIE METOAbI,
NOAXOAb! M UHCTPYMEHTLI AN1F COXPaHEHNA 3 EKTUBHOCTM One-
PaLMOHHBIX MPOLECCOB, a TakxXe AN NoAAepXaHWs akTyanbHo-
CTU N 3KOHOMUYECKOM 3D(PEKTUBHOCTU CTPOUTENBHBIX NMPOEK-
ToB. B napagurme aTux ycnosum TpaamumMOHHbIE YKnaabl paboTbl
Hapg nNpoekTamu Ans 3acTPOMLLMKOB TPebyoT MoAepHM3aunm
N akTyanusauumu ¢ y4eTOM COBPEMEHHbIX METOLO0B BEAEHUS,
yNpaBreHns, KOHTPOJS, CUCTEMbI BHYTPEHHErO U BHELLHEro B3a-
MMOJENCTBUA Mexay opraHnsaumsamvu. [Npu aTom 3aocTpseTcs
BHUMaHWe He Ha NoaxoAe U3MEHEHUs U MPUMEHEHNS HOBbIX UH-
CTPYMEHTOB MY BHEAPEHUS LnpoBbIX nnn NN nHCTpymMeHTOB,
a Ha OCHOBE U3MEHEHWst BHYTPEHHUX (DyHAAMEeHTasbHbIX Me-
TOOOB paboTbl opraHmMsaunn. [ns 4eTkon NocTaHOBKM Npobre-
Mbl 6bISI0 AAHO MOHATUE NPOEKTa, 0COOEHHOCTU CTPOUTESBHbIX
NPOEKTOB, NPOAHANIM3NPOBaHbLI METOAbI MAHMPOBAHMA MO KpU-
TUYECKOMY MYyTU U MO KpUTUHEcKoW uenu. B pamkax nccneno-
BaHWUA NpefnoxeHa MoamduKauma niaHMpoBaHUs U KOHTPOns
NpoeKTa Ha OCHOBE MeTofa KpuUTuyeckou uenu. Metop Kputu-
YeCcKoMW Lienu, B CPaBHEHUW € TPaAULIMOHHBIM METOAOM KpUTUYe-
CKOro nyTu, BbIHOCUT BPEMS NMOACTPaxX0oBKM B 6ydepsl, pacnoso-
XEHHbIE B KOHLIE KPUTUHECKOM LIENN N KOHLIAX MUTaIOLLMX Lienen.
Ha ocHoBe 3T0ro B nccnegosaHun npegnaraetcs agantTmpoBaH-
Has noj oTe4yeCTBEHHble peanuu moaudukaumns Metoaa, KoTo-
pas npegnonaraeT yBennYeHHbI COBOKYMHbIN 3anac no BpemMe-
HW B 6ydbepax, n npegnaraet BBeeHNe KOHTpPaKTHOro 6ydepa
Ha BbINOJIHEHNE (PMKCUPOBAHHbLIX 06LEMOB NOAPSAOHBIX Pa6oT.
[ns Xn3HecnocobHOCTN MOOUULIMPOBAHHOrO MeTofa Npegia-
raeTcsl UICNoNb30BaHNE KOHTPAKTOB C MHCTPYMEHTaMu «BO3Har-
paxpaeHusi» 3a [OCpPO4HOE 3aBepLueHue paboT. Npu sTom ns-
JIOXKEHHbIV MeTo o6nafaeT rMOKOCTbIO B paMKax BpeMeHHbIX
OLIEHOK B BbIMOSIHEHWM 3a[a4 ANa ero agantaummn ans KOHKpeT-
HbIX YCIOBUI, COAEPXALLMXCA B PA3SIN4HbIX CTPOUTENBbHBIX MPO-
eKTax.

KnroyeBsble croBa: CTpouTesIbCTBO, CTpOMTefIbeII;I POEeKT, me-
TOA4b! yripaBl/ieHUs rpoeKTamMu, KOHTPOJIb BbIMNOJIHEHUS MPOEeKTOoB,
Kputndeckas verb
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Analysis of current areas of project activity
of development companies in the context
of adaptation to crisis phenomena

In conditions of a high key interest rate and, as a result, reduced demand for real estate, the issue of ensur-
ing the commercial effectiveness of development projects is relevant. Based on the analysis of the activities of
large development companies in the current crisis conditions, key areas of optimization of project activities in
the current negative macroeconomic context have been identified. They can be systematized both on the basis
of a hierarchy: the level of the project portfolio and the project level, and according to individual significant cri-
teria. In order to substantiate and illustrate the identified trends and patterns, the article presents the processed
statistical data of the ERZ.RF portal for the FSK Group of companies. As a result of the analysis, it is conclud-
ed that when choosing a specific direction of adaptation and development, it is necessary to take into account
many diverse factors, including target effects, industry specifics of development, current stages of ongoing pro-
jects, the need for costs for implementing adaptation and optimization measures, the duration of the planning ho-
rizon, the degree of impact of events on the reputation of the development company in the business environment
and others. A comprehensive assessment of the effectiveness of the decisions currently being taken will be pos-
sible at least in the coming 1-3 years, however, it can already be noted that the market as a whole has adapted
to the current conditions and remains in a state of relative stability with a general downward trend in business ac-
tivity and medium-term stagnation.

Keywords: anti-crisis measures, portfolio of development projects, portfolio diversification, development pro-
ject, project efficiency, real estate marketin conditions of a Central Bank's highkeyrate and, as a result, reduced
demand for real estate, the issue of ensuring the commercial effectiveness of development projects is relevant.
In this regard, there is an increased interest in approaches and methods for improving performance indicators
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and, as a result, reduced demand for real estate,
the issue of ensuring the commercial effective-
ness of development projects is relevant. In this re-
gard, there is an increased interest in approaches
and methods for improving performance indicators.

In summary, the effectiveness of a project is de-

termined by the ratio of the effects achieved to
the integral costs. According to the researchers,
the main reasons for the decline in commercial ef-
ficiency in the current conditions are the following
factors [1, 2]

e Central Bank's high key rate. The key interest
rate affects many components of the effec-
tiveness of a development project. Since most
of the funds in the budget of construction pro-
jects are borrowed, a high loan rate signifi-
cantly increases costs, obliging developers to
increase the price of their products by the ap-
propriate amount, which, in turn, negatively
affects the purchasing power of consumers.
On the other hand, an increase in the mort-
gage rate due to an increase in the key rate
increases the cost of monthly payments,
which also reduces the purchasing power
of the population and leads to a cooling of
the real estate market. In turn, reduced de-
mand reduces project revenues in the short
term, as well as increases the cost of paying
off interest on a housing loan, as apartment
sales dynamics affect the loan rate;

In conditions of a Central Bank's highkeyrate

e Partial cancellation of preferential mortgage
programs. The increase in mortgage rates

due to the cancellation of benefits that previ-
ously helped stimulate demand in the residen-
tial real estate market acts similarly to the pre-
vious paragraph in terms of the impact on
buyers;

e Sanctions on the supply of foreign equipment,
supplies, and software. Restrictions force de-
velopers to import unavailable goods or im-
port them through third countries, which in-
creases the cost of purchasing them.

Based on the analysis of the activities of large
development companies in the current conditions,
the directions of optimizing project activities in
the context of crisis conditions can be identified.
They can be systematized based on the following
hierarchy: project portfolio level and project level.

Within the framework of the conducted re-
search, a classification was carried out according to
individual criteria. In most of the methods, the pro-
cessed statistical data of the ERZ.RF portal is provi-
ded as a visual illustration of the patterns for the FSK
group of companies. The following is a detailed de-
scription of the identified approaches.

1. Diversification. Economic diversification
generally refers to the distribution of resources, in-
vestments, and activities between different fields of
activity, industries, types of goods, and others. In
the field of development, first of all, it implies the di-
versification of the project portfolio, the overall effect
of which is expressed in reducing the risks associ-
ated, respectively, with the state of the economy of
a particular region, the state of a particular industry and
the solvency of a certain group of the population [3].
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The main methods of diversifying the portfolio of a development
company include the following: diversification by geography, by
price categories, by purpose of facilities and by type of client.

1.1. Geographical diversification. This method of diversifica-
tion involves the territorial distribution of the company's projects
across the country. According to ERZ, FSK has been diversifying its
construction regions over the past 4 years — the leading region
in terms of the area of projects started is changing every year'. So,
in 2021, the vast majority of projects were launched in Moscow, in
2022 70 % of the launched projects were located in St. Petersburg,
in 2023 the majority were in the Moscow region — 63 %, besides
Moscow, projects were launched in PrimorskyKrai and the Republic
of Tatarstan, in 2024 Moscow again became the leader — 61 %.
In the first quarter of 2025, one project was launched in the Nizhny
Novgorod region. A detailed illustration of the areas of the FSK proj-
ects started is shown in Fig. 1.

" FSK Group of Companies. URL: https://erzrf.ru/zastroyschiki/brand/gruppa-kom-
panij-fsk-755344001 ?region=vse-regiony&regionKey=0&organizationld=755344001&cost
Type=1 (Date of reference: 04/27/2025).

1.2. Diversification by price categories (real estate clas-
ses). The method involves differentiating the company's projects
by real estate classes. It can be noted that in the crisis conditions
of 2021 and 2024-2025, FGC's share of business class projects is
increasing: in 2021, the share of comfort and business class in new
projects was 55 and 45 percent, respectively, and in 2024 — 54
and 46 percent, in 2025 the only project started is a business class
project’. The company's policy on this issue may be related to
the following pattern: in crisis conditions, expensive real estate seg-
ments show greater stability than mass ones. A visualization of
the distribution of initiated projects by class and over time is shown
in Fig. 2.

1.3. Diversification by functional purpose of facilities.
Large development companies capable of attracting specialists
from various construction industries can expand their specialization
by including projects that are atypical for most of these smaller-
scale companies in their portfolio, for example, FSK has recently
included non-residential real estate projects in its portfolio. So, in
2022 it was reported that the FSK Group of Companies, together
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with the telecom operator FILANKO, will create the LEADER IT
Technopark? [5]. At the end of 2024, FSK Group received permis-
sion to build the Magistralnaya 12 business center® FSK also regu-
larly builds ABC-medicine polyclinics, while the location of The clin-
ics are not linked to residential complexes being built by
the company (according to the official website of FSK, the network
currently includes 18 clinics)*. However, when entering a new mar-
ket, it is necessary to study changes in the level of competition, for
example, in 2024, the new supply in the Moscow office real estate
market increased by 103 percent compared to 2023 to 567 thou-
sand square meters®.

1.4. Customer type diversification. In this case, it means di-
viding the client into 2 types: private and public. The main clients of
development companies are individuals and private legal entities,
however, a government customer may act as a potential recipient of
development products. This option is available to vertically inte-
grated companies that have design and contracting departments
in their structure. In 2024, 126,000 notices of completed construc-
tion purchases were published by government customers using
the OKPD2 codes 41 (Buildings and construction works), 42 (Civil
engineering structures and construction works) and 43 (Specialized
construction works). This figure exceeded the level of 2023 by 5 %.
The maximum initial contract price for these purchases was
29.8 trillion rubles®. An example of working with a government cus-
tomer is the participation of development companies in renovation
projects as a general contractor, for example, MFS, owned by Pik-
General Contractor LLC, is a leader in the volume of renovation
contracts — the company participates in the construction of 54 res-
idential complexes out of 2187.

2. Optimization of project costs. At the moment, there are
two key areas for reducing project costs: postponing project launch
dates and optimizing the loan rate. Both methods affect the credit
component of cost items, the difference is only in the nature of
the projects. Shifting the launch dates, assuming that a reduction in
the key rate is envisaged in the short term, reduces costs for
planned projects, and optimizing the loan rate reduces costs
for projects that are being prepared for implementation in the near
future.

2.1. Shifting project deadlines. Analyzing data from the Mos-
cow real estate market research, it can be noted that in 2024, in
some classes, there was a decrease in the volume of new supply,
for example, in the comfort class segment, there was a decrease
in the amount of new project space by 13 %. For example, in 2024,
FSK reduced the release of projects by more than 2 times, a de-
crease of 65 % compared to the previous year'®.

2 FSK Group of Companies will create an IT technology park in Moscow. URL: https://
fsk.ru/about/news/1235 (Date of application: 04/27/2025).

3 FSK Group of Companies has received permission to build the Magistralnaya 12
business center. URL: https:/fsk.ru/about/news/gk-fsk-poluchila-razreshenie-na-stroitel-
stvo-biznes-czentra-magistral-naya-12 (Date of request: 04/27/2025).

4 FSK Group of Companies.Company structure. URL: https:/fsk.ru/about#today
(Date of reference: 04/27/2025).

5 Office real estate. Results 2024. Moscow. URL: https:/nikoliers.ru/upload/iblock/ef
7/0zvgpg44qvactp8o4du284w9srncgx85.pdf (Date of request: 04/20/2025).

5 EIS Procurement. The official website of the Unified Information System in the field
of procurement. URL: https://zakupki.gov.ru/epz/main/public’/home.html (Accessed:
04/21/2025).

7 Who is creating new buildings under the renovation program in Moscow — half of
the contracts worth billions were taken by one particular developer. URL: https://msk1.ru/
text/realty/2024/03/29/73357952 / (Date of access: 04/27/2025).

8 Residential real estate Classes. Results of 2024. Russia. Moscow. URL: https:/
nikoliers.ru/upload/iblock/ddd/zvurk9lkOpvz25v730z8ixbgkui4btd0.pdf (Date of issue:
04/13/2025).

2.2. Optimization of the loan rate. As a method of reduc-
ing the loan rate, such a measure of state support for the con-
struction industry as the DOM.RF infrastructure bond mecha-
nism can be used, which allows obtaining borrowed funds for
the construction of various infrastructure at a discounted rate.
The disadvantages of the method include the need to undergo
a selection process carried out by DOM.RF and the Government
Commission for Regional Development in the Russian Federa-
tion, however, the concomitant positive effect is to increase cus-
tomer confidence in the project. Since the average market value
of the profitability of construction projects is 20 %, even minor
changes in the amount of costs significantly affect the amount of
profit, which determines the relevance of the infrastructure bond
mechanism, which is able to make profitable projects that would
not be feasible without it.

During the selection process, the project is analyzed according
to the following criteria®:

e social significance;

e economic efficiency;

e financial stability;

e a guaranteed source of return on investment.

The volume of allocated financing is growing every year, in
2022 it amounted to 27 billion rubles, in 2023 — 72 billion rubles,
in 2024 it increased to 99 billion rubles™. In 2024, the largest
amount of funding was allocated for road and engineering infra-
structure, 49 and 20 %, respectively.As of 2024, 54 percent of
the financing portfolio is accounted for by concession sandpublic-
private partnerships, 35 percent for projects outside housing con-
struction and 11 percent for housing construction projects in
the amount of 2.7 billion rubles distributed over 5 projects. Analyz-
ing the above information, it can be noted that at the moment
the mechanismis most popular in concession and PPP projects
(25 projects), whilein the field of housing construction the mecha-
nism has not yet found wide application, however, given the global
trend towards an increase in financing and bond placement vol-
umes (an increase from 25 billion rubles to 45 billion rubles in
the period from 2022 to 2023, a slight decrease of 5 billion rubles
in 2024), it can be assumed that in the future more and more devel-
opers will turn to this tool to increase the efficiency of projects.

3. Increasing demand. According to DOM.RF data at the mo-
ment, the ratio of sales to construction readiness is falling and as of
March 2025, it stands at 74 %'". The intensification of competition
for a buyer, due to a decrease in demand caused by a high key in-
terest rate and the partial cancellation of preferential mortgage pro-
grams, forces developers to apply various mechanisms to increase
demand. At the moment, two key methods can be distinguished:
the use of financial mechanisms to increase demand and the ero-
sion of class requirements.

3.1. Financial mechanisms for increasing demand. Among
the methods that are gaining popularity, we can single out the in-
stallment mechanism from the developer. According to Alexander
Danilov, head of the Central Bank's regulatory department, at
the beginning of 2023, the percentage of installment transactions in
housing under construction was 1 %, at the beginning of 2024 there
was an increase to 2 %, as of March 2025, the share of installments

¢ Infrastructure bonds. URL: https:/nom.Russian Federation/investors/infrastruc-
turnye-obligacii/ (Accessed: 05/04/2025).

© Annual reports with information on projects. URL: https://cond.nom.pdp/about
(05/10/2025).

1 Sales and building readiness. URL: https://Haw.nom.pdb/aHanunTuka/pacnpopan-
HOCTb-CTpoirotoBHocTh?repYear=2025&repMonth=3 (Date of appeal: 04/22/2025).



#2 /2025

MexxayHapoHbIN Hay4HO-TEXHUYECKUIA XXypHarn

HeoBmX1UMOCTb: SKOHOMMUKA, ynpaeneHune

OTEYECTBEHHbIN U 3APYBEXHbIH OMbIT

86
> 60.00
50.00
40.00
30.00
20.00
10.00
0.00
Comfort Business Comfort Business Comfort Business Comfort Business
Moscow Moscow oblast Saint Petersburg Others
H 2021 m 2022 m 2023 m 2024 m 2025
Fig. 3. Weighted average assessment of the initiated FSK projects by regions of Russia and classes
Brief description of the directions of development of project activities by development companies
The stage is the red
= Branch of line for rr?aklin a deci- | Time range Impact
3 Approach Method the developer Target effect ) g o g on repu-
— applving the method sion on the application | of the effect tation
pplying of the method
2 Geographical diversification
o
5 Diversification by price categories Medium-
2| Diversification All'industries Riskreduction Conceptual Positive
8 Diversification by purpose of facilities term
S
a Diversification by type of client
Blurring of class requirements Residential and com- | Increasing the competi- ) .
urring requir I . ! . reasing petl Operation Short-term | Negative
) mercial real estate | tiveness of the product
Increasing demand - - - — - -
Promotions, discounts, installments | Residential and com- | Increasing the competi- . .
. ) Operation Short-term | Negative
mercial real estate | tiveness of the product
= Residential | Reducing the cost of
% Optimizing the loan rate eS|deln lal and com educing .e costo Designing Short-term | Positive
o mercial real estate lending
Optimizing project Reducing inefficient
costs costs in the short term, _— hort-term ’
Postponing the start of new projects Allindustries ) ! . ' r Designing Short-ter Negative
increasing revenue in to long-term
the future

is 13 %'?. The disadvantages of the method include a decrease in
the reputation of the company if the costs associated with its use
are included in the cost of real estate or a decrease in the profit-
ability of the project if such costs are not included in the cost per
square meter [4].

3.2. Blurring of class requirements. At the moment, the re-
quirements for residential real estate classes are not legally fixed,
which allows the developer to flexibly interpret the class of objects
being built. For example, analyzing the weighted average estimates
of the quality of FSK projects, determined on the basis of ERZ

2 The Ministry of Construction and the Central Bank warned about the risks of install-
ments for housing. URL: https:/realty.rbc.ru/news/68021afe9a7947638af1593e (Date of
request: 04/21/2025).

project estimates, we can conclude that the quality of projects has
decreased compared to 2021. After territorial and chronological dif-
ferentiation, it is noticeable that estimates in 2024 are at the lowest
level in the last 4 years [4]. Thus, in Moscow, the largest drop in
quality is noticeable in the business class segment — a decrease
from 48 to 29, in the Moscow region, the comfort class rating in-
creased in 2023, but in 2024 there was a decline again, in projects
in other regions of Russia there is a significant decrease in quality,
visualization is shown in Fig. 3. A long-term decline in the quality of
projects at a stable real cost per square meter can lead to a dete-
rioration of the company's reputation and a decrease in sales.
Table summarizes data on all the approaches described above,
as well as additional information: the industry of companies for
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which the method is applicable is described, the extreme stage
at which it is possible to startusing the method is determined, and
the timerange of expected effects from the methods is described.

As aresult of the analysis, it is concluded that when choosing
a specific direction of adaptation and development, it is necessary to
take into account many diverse factors, including target effects, in-
dustry specifics of development, current stages of on going projects,
the need for costs for implementing adaptation and optimization
measures, the duration of the planning horizon, the degree of impact
of events on the reputation of the development company in the busi-
ness environment and others. Acomprehensive assessment of
the effectiveness of the decisions currently being taken will be pos-
sible at least in the coming 1-3 years, however, it can already benot-
ed that the market as a whole has adapted to the current conditions
and remains in a state of relative stability with a general downward
trend in business activity and medium-term stagnation.

AHanu3s akTyanbHbIX HanpaBneHUn
pa3BUTUSA NPOEKTHOWN AEeATENIbHOCTH
AEeBEJIONepCKNX KOMMaHUM B KOHTEKCTE
apanTauumn K KPU3UCHbIM SIBIEHUSIM

B ycrnoBusx BbICOKOW KIOHYEBOW CTaBKU U, Kak cregcreue,
CHUXKEHHOrO Crpoca Ha HeABMXWMMOCTb akTyalbHbIM ABNA-
eTcs BoMnpoc obecneyeHnss KOMMepYeckon 3PPEKTUBHOCTH
[eBefionepcKMx NpoeKToB. Ha ocCHOBENPOBEAEHHOrO aHanmsa
0eATenbHOCTU KPYMNHbIX AEBENONEPCKUX KOMMaHUA B TEKYLLMX
KPU3WCHBIX YCNOBUSAX BbIIBIEHbI KMOYEBbIE HANPaBeHWs On-
TUMU3aLnUn NPOEKTHON AEATENbHOCTU B akTyanbHOM HeraTums-
HOM MaKpO3KOHOMUYECKOM KOHTekcTe. OHM MOryT 6bITb CUCTe-
MaTu3MpOBaHbl Kak Ha OCHOBE MepapXxun: ypoBeHb nopTdens
NMPOEKTOB N YPOBEHb NMPOEKTa, Tak U MO OTAENbHbIM 3HAYUMbIM
KpuTepmsaM. B uensx o60CHOBaHWS 1 UINMKOCTPaLUN BbISIBNIEH-
HbIX TEHOEHUMI U 3aKOHOMEPHOCTEW B CTaTbe NPUBELEHbI 06pa-
60TaHHble cTaTUCTU4eckne aaHHble noptana EP3.P® no rpyn-
ne komnaHun ®CK. B pesynstate aHanusa cgenaH BbiBOf4, YTO
npu BbIGOpE KOHKPETHOro HanpaBfeHus agantauuu 1 passu-
TN HEOBXOAMMO YHYUTbIBATb MHOXECTBO Pa3HOPOAHbIX (DaKTO-
POB, B TOM 4ucne uenesble ahdeKTbl, OTPaCNEBYO Cneunpuky
0EeBenonMeHTa, TeKyLLme cTaamm peanndyemMblx NPOEKTOB, He-
06X0AMMOCTb 3aTpaT Ha peanu3aunio aganTaunoHHbIX U ONTK-
MWU3ALMOHHbLIX MEPONPUATUIA, NPOLAOSIKUTENBHOCTb FOPU3OHTA
NniaHMpoBaHuWs, CTEMEHb BUAHUA MEPONPUATUIA Ha penyTauuio
[eBenonepckon KomnaHum B 6u3Hec-cpepe v gpyroe. lNpoeege-
HNEe BCECTOPOHHEN OLEHKN Pe3ynbTaTMBHOCTU NMPUHMMaEMbIXB
HacTosLee BPeEMS PeELUEeHU 6yaeT BO3MOXHO, KaK MUHUMYM,
B nepcnektuee 1-3 roga, ofHaKo yXe ceryac MOXHO OTMme-
TWUTb, YTO PbIHOK B LEIOM afanTupoBasncs K TEKYLLUMM YCIIOBUSAM
1 NpebbiBaeT B COCTOSAHUM OTHOCUTENIBHOW YCTOMHYMBOCTM NP
obLen TEHOEHUNM K CHUXXEHUIO NOoKa3aTenen aenoBon akTuB-
HOCTU U CPESHECPOYHON CTarHauuu.

Knto4eBble cnoBa: aHTUKPU3NCHbIE Mepbl,lopTghesb AeBeo-
repckux npoeKToB, AUBepcUgmKkaLms noptgesns, gesesnonep-
CKWIi MPOEKT, 3Gh(heKTUBHOCTb MPOEKTA, PbIHOK HEABUXUMOCTY
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Technical and regulatory aspects of establishing
signs of emergency of apartment buildings
within the framework of forensic construction
and technical expertise

In the practice of experts working in the framework of judicial construction and technical expertise, questions of-
ten arise related to the identification of signs of technical and regulatory nature of the accident rate of apartment
buildings. This is due to the fact that the number of such houses, according to Rosstat, is steadily increasing. As
the analysis of expert opinions carried out in various state forensic expert institutions has shown, there is currently
no single approach to this kind of research. In this regard, this article is of particular interest, since issues related
to emergency housing are relevant. In research conducted by experts on these issues, there is often a semantic
unification of the concepts of “dilapidated building condition” and emergency technical condition. The purpose of
this work is to develop a universal research algorithm for judicial construction and technical examinations aimed
at resolving issues about the accident rate of residential multi-apartment buildings, which, among other things,
will eliminate contradictions between the conclusions of interdepartmental commissions and the actual technical
condition of buildings. The article provides specific examples of damages and accidents (collapses) of apartment
buildings, their causes. The regulatory, legal and technical aspects of the problem are considered. It is noted that
all the described accidents are not related to man-made or emergency situations (earthquakes, explosions, fires,
terrorist attacks), but are the result of weakening of critically important load-bearing structures.

Keywords: forensic construction and technical expertise, emergency housing stock, technical and regulatory
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INTRODUCTION

ccording to Rosstat [1], despite the current
Astate programme for the resettlement of
the population in the country, the emergen-
cy housing stock in the Russian Federation in-
creased in real terms from 15,188 thousand m? to
22,059 thousand m?in 2015-2021 alone, which is
an increase of 45.2 %. By 2030, an increase is pro-
jected compared to 2020 by 1.5 times [2]. In some
regions, there is a situation where housing is not
recognized as emergency “due to the fact that this
fact entails an increase in resettlement obligations,
and there is not enough funding for these tasks”.
According to data presented on open Internet
resources’, at the beginning of 2024, more than
70 thousand buildings with over 1 million people liv-
ing in them were declared emergency. It is noted
that the recognition of an apartment building (AB) as
an emergency and subject to demolition or recon-
struction belongs to the exclusive competence of
interdepartmental commissions2. However, due to
various circumstances, it is not uncommon for
the last AB to be unreasonably not recognized as
emergency and subject to demolition or reconstruc-
tion, but rather the wording “major repairs are re-
quired” is indicated. Within the framework of this ar-
ticle, the existing problem is considered in detail.
At the same time, the number of complaints about
these issues of substandard housing is steadily in-
creasing. In total, the Forensic Expert Centre (FEC)

" URL: https://tass.ru/ntdvizhimost/20626935 (date of request
29.08.2024).

2 Paragraph 47 of the Decree of the Government of the Russian
Federation dated 28.01.2006 No. 47 [7].

of the Investigative Committee of the Russian Fed-
eration (IC RF) for housing of inadequate quality,
dilapidated houses carried out 185 forensic con-
struction and technical examinations in 2022, 339
in 2023, and 609 in 2024, which amounted to
53.7 % of the total number of construction and tech-
nical expertise and research carried out in the FEC
of the IC of Russia.

As the analysis of expert opinions carried out in
various state forensic expert institutions has shown,
there is currently no single approach to this kind
of research. Experts often try to link the concepts of
“dilapidated condition of a building”, based on indi-
cators of physical wear and tear, established in ac-
cordance with the standards of VSN 53-86(r) [3] or
methods [4, 5], with the concept of “emergency
technical condition”. In particular, appendix 6 of
the document [6] notes that “dilapidated condition
of a building” is a condition in which the structure of
the building and the building as a whole are worn
out: for stone houses — over 70 %, wooden houses
with walls made of local materials, as well as attics —
over 65 %. At the same time, the main load-bearing
structures retain strength sufficient to ensure the sta-
bility of the building, however, the building ceases to
meet the specified operational requirements. As
noted in the article [8], although dilapidated housing
is characterized by a fairly high degree of wear and
tear, there is no formal danger of collapse, unlike
emergency housing. Even if the deterioration of
the structure is more than 70 %, this is not a guaran-
tee that the dilapidated housing will be resettled [8].

The article [9] presents an approach for de-
termining the category of technical condition of
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Fig. 1. General view of an apartment building in Kuibyshev Street in Perm before and after the collapse

buildings by physical wear, however, due to the introduction in 2019
of uniform criteria for assessing the emergency and limited-func-
tioning technical condition of residential buildings, this approach
cannot be used in the production of forensic construction and tech-
nical examinations, which require the resolution of questions about
AB accident rate.

The main purpose of this work is to develop a universal re-
search algorithm for forensic construction and technical examina-
tions aimed at resolving issues about the accident rate of residen-
tial buildings, which, among other things, will eliminate contradic-
tions between the findings of interdepartmental commissions and
the actual technical condition of buildings. For this purpose, a num-
ber of accidents that have occurred in long-term residential build-
ings over the past 10 years have been considered, as well as rele-
vant technical and regulatory aspects of legislation regulating
the recognition of residential buildings as emergency and subject
to demolition or reconstruction. When conducting the study, it is
proposed to rely solely on the technical signs of the emergency
condition of structures made of various structural materials [10-12],
with instrumental control of the parameters of defects and damages
according to the criteria specified in tables 5.2-5.26 of the Code of
Practice[13].

DAMAGE, ACCIDENTS OF AB AND THEIR CAUSES

On 11.07.2015, the corner part of a 5-storey residential building
on Kuibyshev Street in Perm collapsed (Fig. 1). The house was built
in 1957. It was established that before the collapse, the reconstruc-
tion and redevelopment of the basement premises was carried out.
During the reconstruction, instead of the loading hatch of the store,
an entrance group to the basement was made, for which the sill
section of the window opening was dismantled and a recess for
the installation of an external staircase was filled in, as well as a new
opening in the inner load-bearing wall, which was not provided for
by the project.

After the reconstruction, force damage was observed in
the newly formed basement pillar in the form of cracks separating
the integrity of the masonry section, chipping of bricks in peripheral
sections of the pillar, and a network of cracks under the lintel sup-
port crossing more than four rows of masonry. These damages oc-
curred as a result of the redistribution of loads from the overlying
structures after making changes to the vertical supporting struc-
tures of the basement part of the building (Fig. 2). Vertical cracks

Fig. 2. View of the pillar of the non-designed opening in the base-
ment, which was the source for activating the process of de-
struction of the building (the state of the pillar, recorded before
the collapse of the corner of the building)

formed on the exterior walls, which subsequently separated the col-
lapsed fragment, as a result of cyclic freezing of the soil base in
a deepened hole under the exterior staircase.

0On 29.08.2017, the middle section collapsed within one span of
a 4-storey residential building in the city of Orel along the Dubrovin-
sky Embankment (Fig. 3, a). The house was built in 1955 with brick
walls and wooden floors, located in close proximity to the Oka
River.

Shortly before the collapse, damage was recorded in the piers of
the first floor: vertical cracks along the entire height of the piers with
an opening width of more than 1 cm, layering of the masonry into
thin flexible columns and bulging of the outer wythe (Fig. 3, b). This
state of brickwork corresponds to the 3-4 stage of destruction,
which is the final stage of masonry destruction, when through
cracks do not stabilize, but continue to develop and increase with-
out increasing the load [14].

#2/2025
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Fig. 3. General view of an apartment building along the Dubrovinsky Embankment in the city of Orel after the collapse: a — emergency con-

dition of the first-floor walls; b — recorded before the collapse

The reasons for this weakening of the masonry were the regular
soaking of the structures of foundations, walls and pillars by
groundwater and floodwaters, leaks from engineering communica-
tions, inadequate horizontal waterproofing of walls, uneven degra-
dation of the strength and deformation properties of the masonry
solution within the seam. Concomitant unfavorable factors, due to
which additional uneven deformations appeared — precipitation
of foundations, were the construction work during the construction
of the Oka River embankment in 2015 using heavy machinery, and
possible vibrational decompression of the foundation soils.

On 12.08.2022, the end part of a 5-storey building in XX Part-
syezda Street in Omsk collapsed (Fig. 4). In 2024, a secondary col-
lapse occurred in a resettled but not demolished building, as a result
of which the floors from 1st to 5th collapsed adjacent to the previously
destroyed site.1st floor and a full-height longitudinal exterior wall.

The house was built in 1966 with brick walls and prefabricated
reinforced concrete floors. The cause of the collapse was the loss
of the bearing capacity of the brickwork (made of clay bricks) of
the basement of the building at the intersection of the end and longi-
tudinal exterior walls. The collapse was preceded by systematic

leaks from engineering communications in the basement. The brick-
work at the basement and ground floor levels, where the wet rooms
are located, was systematically saturated with capillary moisture, and
on the street side it was subjected to repeated freezing/thawing.
Subsequently, this caused a significant decrease in the bearing ca-
pacity of the masonry — buckling deformations of the outer wytheap-
peared according to the 3-4 stage of destruction scheme [14] and
further avalanche progression of damage deep into the section un-
der load.

On 16.11.2023, the third and fourth entrances of a five-story
apartment building in the Leninsky district at 1a Vokzalnaya Square
in Astrakhan collapsed (Fig. 5). The house was built in 1962 with
brick walls and prefabricated reinforced concrete floors (3 walls).
The foundation is ribbon; the building is basement-free. The sup-
porting structure of the ceiling was wooden, with beams supported
on brick pillars on the ground. Partially, the floors at the indicated
mark were made of concrete on the ground (under the bathrooms).
To maintain communications and maintain them in proper condi-
tion in such a building, it was necessary to open the floors and
ceiling structures in the apartments on the first floor. The actual
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Fig. 4. General view of an apartment building in XX Partsezda St. in Omsk before and after the collapse (the arrow shows the progressive de-
struction of the corner section of the outer wall a few seconds before the collapse of the end part of the building)

implementation of horizontal waterproofing and its current condition
did not allow for the capillary suction of moisture into the outer wall
structure from the saturated soil in contact with the wall and led to
weathering of the masonry (degradation of strength and deforma-
tion characteristics).

Immediately before the collapse, on the section of the outer wall
that subsequently collapsed, the presence of oblique cracks cross-
ing the sections of brickwork under the window openings from
the first to the fifth floor was recorded in the level of residential
floors. The deformations of the brickwork, uneven in length, which
were accompanied by a skew in the geometry of the window open-
ings, the window cover burst fullness, a characteristic crack was
heard. As a result, the cause of the collapse, as well as in the previ-
ous case, was the weakening of the strength and deformation char-
acteristics of the masonry at the basement and ground floor levels
due to environmental influences as a result of systematic leaks from
engineering communications. Moreover, the physical wear calcu-
lated according to the method [3] on the date preceding the col-
lapse was 51 %.

All the accidents mentioned above are not related to emergen-
cies, such as gas-air mixture explosions and terrorist attacks, but
they have a general picture of the mechanism of destruction.
The accidents discussed in the article are related to the weakening

(man-made and/or environmental — corrosion) of critically impor-
tant load-bearing structures during operation, both during recon-
struction and redevelopment, and as a result of accelerated physi-
cal wear due to improper condition of engineering communications,
waterproofing, and building structure elements.

REGULATORY AND LEGAL ASPECTS

The following issues can be resolved without going beyond
the competence of an expert in the conduct of forensic examina-
tions. The first group of issues is related to the study of the technical
condition of AB (building as a whole), including when the decision
of the interdepartmental commission needs to be challenged in
court®:

e did the interdepartmental commission* have any technical

grounds for deciding that there were no grounds for

3 If there are relevant documents, for example, technical reports made by specialized
organizations authorized by the SRO in the field of engineering research for construction,
the study can be conducted on the basis of these documents as of the date of the engineer-
ing survey.

4 The study is conducted using regulatory legal acts in force on the date of issuance
of the interdepartmental commission’s Opinion (if there is a technical opinion from a spe-
cialized organization on the relevant date).
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Fig. 5. General view of a destroyed apartment building in the Leninsky districton 1a Vokzalnaya Square in the city of Astrakhan

recognizing AB as an accident and subject to demolition or
reconstruction?

e are there signs of an emergency condition of AB at the time of

the examination?

Are there grounds for recognizing the residential premises of
AB as uninhabitable, and the buildings as a whole as emergency
and subject to demolition?

The second group of issues is related to the study of the techni-
cal condition of individual® load-bearing structures of AB, neces-
sary for making a decision on the expediency of conducting a tech-
nical inspection of AB as part of a preliminary investigation:

Are there signs of an emergency condition of individual load-
bearing structures of AB?

The grounds for the recognition by the interdepartmental com-
mission of AB as unsafe and subject to demolition or reconstruction
in accordance with Part 3 of art. 55.26-1 of the Urban Planning Code
of the Russian Federation [15] are established by the provisions of
Section IV of the Regulation (approved by Decree of the Govern-
ment of the Russian Federation dated 28.01.2006 No. 47) [7].
The procedure for assessing the conformity of a building (or resi-
dential building) with an emergency one, which is subject to recon-
struction, repair, demolition, as well as the list of documents neces-
sary for making such a decision, is established in paragraph 44 [7].

Based on the results of the work, the interdepartmental com-
mission must make one of the decisions specified in para-
graph 47 [7] on assessing the compliance of premises and apart-
ment buildings with the established requirements.

It should be noted that in the practice of conducting forensic
examinations, conclusions of interdepartmental commissions are
quite common, which indicate that a decision has been made to
recognize AB as subject to capital repairs, however, such a solution
is missing in paragraph 47 of the Provision approved by Govern-
ment Decree No. 47 [7].

Thus, the wording in the Conclusion of the interdepartmental
commission should clearly correspond to one of those listed in
paragraph 47 [7], which should be reflected in the expert's conclu-
sion within the framework of the study.

The main document for the interdepartmental commission in
assessing the suitability (unsuitability) of residential premises for

5 Single structure: A load-bearing building structure (part of the structure), which is
a repeating element in the totality of all load-bearing building structures of this type (clause
3.1.4[13)).

living, and the recognition of AB as emergency and subject to dem-
olition, is the conclusion of a specialized organization® on the condi-
tion of load-bearing and enclosing structures (technical opinion). If
the applicant is a state supervision (control) body, it submits its
opinion to the commission, and after its consideration, the commis-
sion invites the owner of the premises to submit the documents
specified in paragraph 45 [7]. Based on the above, the specified
documents for the examination are provided by the investigator,
among others, in the materials of the criminal case.

In the absence of a technical opinion from a specialized organi-
zation, an interdepartmental commission, and other documents in
the materials provided for the study, the expert can only conduct
an investigation to identify signs of malfunction of individual load-
bearing structures of AB without going beyond the competence.

If the case file contains a technical opinion from a specialized
organization, which establishes the emergency technical condition
of the building, and there is a decision by local governments
and state authorities that the building is recognized as emergency
and subject to demolition, but the building is not actually inhabited,
then there is a need to appoint forensic construction and technical
examinations in relation to such housing for the above-mentioned
there are no questions. At the same time, ABs that are not recog-
nized as emergency, but are located in a building with other build-
ings recognized as emergency in the territory subject to complex
development, may be subject to demolition or reconstruction in ac-
cordance with paragraph 2, Part 2, art. 65 of the Urban Planning
Code of the Russian Federation [15], if the physical wear of the main
structural elements exceeds the value defined by the subject
of the Russian Federation’. Such issues are not considered in
the framework of forensic examinations, as they fall within the com-
petence of local self-government bodies.

Summing up the above, in order to resolve the issues of the first
group, the investigative body must provide a technical report from

¢ In the case that, in accordance with the third paragraph of paragraph 44 [7], the pro-
vision of such a conclusion is necessary for making a decision on recognizing residential
premises as meeting (not meeting) the requirements established in the Regulation [7].

7 In accordance with the regulatory legal act of the subject of the Russian Federation,
the regional capital repair programme may not include apartment buildings, physical wear
of the main structural elements (roof, walls, foundation) which exceed 70 %, and (or) apart-
ment buildings in which the total cost of services and (or) major repairs of structural ele-
ments and internal engineering systems that are part of the common property in apartment
buildings, per square meter of the total area of residential premises exceeds the cost of, de-
fined by the regulatory legal act of the subject of the Russian Federation (paragraph 1,
part 2, art. 168 of the Housing Code of the Russian Federation).
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Technical aspects of classifying a structure as an emergency category

CP 454.1325800.2019 [13]

Regulations [7]

More than 5 % of the load-bearing building structures of at least one type of the total num-
ber of load-bearing building structures of this type have been identified®, but not less than
three corresponding to the emergency category of technical condition (clause 5.1.5 of
the Code of Practice [13])

Paragraph 34 of the regulation [7] describes the procedure for establish-
ing an emergency technical condition of AB, which is determined in ac-
cordance with GOST [16], justified by appropriate verification calcula-
tions of the bearing capacity of structures and (or) the foundations. For
houses with no more than two floors, it is possible to determine the emer-
gency technical condition in accordance with the Code of Practice [13],
while more than 50 % of the structures of foundations, load-bearing
walls and ceilings are classified as an emergency technical condition

Two types and more load-bearing building structures have been identified (with the excep-
tion of the types of structures specified in 4.4—4.6 [13]) with the number of emergency
load-bearing building structures exceeding 3 % of the total number of structures in each,
but not less than three in total (clause 5.1.7 of the Code of Practice [13])

If the specified volume of emergency structures is not detected during
the examination inaccordance with the Code of Practice [13], but one of
the listed facts is found (see exceptions), then the examination must be
carried out inaccordance with GOST [16]

Exceptions

If a residential building has load-bearing building structures for which the Code of Practice
[13] does not provide criteria for emergency and limited-functioning technical conditions
and in which significant damage was detected during inspection, their assessment is car-
ried out in accordance with GOST 31937 (clause 5.1.4 of the Code of Practice [13])

« localization of defects in a separate part of an apartment building,
including in one entrance, on one floor;

« asingle significant defect in a separate load-bearing building structure
of an apartment building, which may lead to a threat of collapse of
the apartment building

If a sufficient number of emergency load-bearing building structures have not been identi-
fied to recognize a residential building as an emergency as a whole, but there is a single
significant defect in a separate load-bearing building structure that may lead to a threat of
collapse of the residential building, the assessment of the technical category of the resi-
dential building is carried out in accordance with GOST 31937 (clause 5.1.6 of the Code of

Presence of an apartment building that has been arbitrarily rebuilt and
(or) redeveloped

Practice [13])

a specialized organization for examination, as well as organize
an inspection of the scene with the participation of an expert and
interested persons (representatives of the local administration,
the management company and the owner).

TECHNICAL ASPECTS

If there is no conclusion of a specialized organization in
the case file, the following approach is used. Currently, a residential
building is classified as an emergency technical condition category
if (see the Table).

The exceptions provided for by the current regulatory docu-
ments make it possible to identify the emergency category of tech-
nical condition, and are well combined with the indicators of identi-
fication of accidental damage in Table 5.2-5.26 of the Code of
Practice [13], observed before AB accidents in the above review,
and not with indicators of physical wear, which in the examples of
emergency buildings is not exceeded 60 %. In low-rise residential
buildings, where wooden floors are most common (wooden flooring
on wooden beams, sheeting and plaster on shingles from below)
and most often have the greatest damage (hidden defects), the fol-
lowing inspection scheme is proposed. The inspection is carried
out in accordance with clause 5.2.14 of the Code of Practice [13],
but if necessary (due to the lack of access through technological
openings), autopsies® are performed in the places specified in
clause 5.3.4.6 of GOST [16], in the presence of residents and with
their consent. In accordance with paragraph 5.2.4, According to
the rules [13], at least 10 % (but not less than three) of the load-
bearing building structures of each type are subject to inspection

8 The specified number does not include emergency wooden covering structures,
emergency stairway structures and outbuildings (which do not affect the main building), if
there are possibilities to strengthen or replace emergency elements without evicting resi-
dents (paragraphs 4.4-4.6 [8]).

9 In order to carry out autopsies of load-bearing structures, the expert submits a rea-
soned petition to the investigator.

and measurements of controlled parameters. Damages are record-
ed in such a way that it is possible to compare with the accident
rates in tables 5.2-5.26 of the Code of Practice [13].

If the case file contains an opinion of a specialized organization
(technical opinion), which does not establish an emergency techni-
cal condition of AB, or there is no technical opinion at all, the inspec-
tion of AB is carried out according to the methodology specified
in section 5.2 of the Code of Practice [13]. During such an inspec-
tion, it is also necessary to ensure that there are no emergency load-
bearing structures. When conducting forensic construction and
technical examinations on the issues of AB accidents, the damage
recorded in the inspection report is examined. It is also compared
with the data of a specialized organization and an analysis of
the verification calculation, if it is provided.

CONCLUSION

1. A brief overview analysis of the existing approaches for de-
termining the technical condition of AB is given.

2. AB accidents that have occurred over the past 10 years and
the causes that caused them are considered, which well illustrate
the criteria for the emergency technical condition of a residential
building provided for by current regulatory documents.

3. An algorithm (approach) has been developed for the produc-
tion of forensic structural and technical examinations, in which it is
required to resolve questions about the signs of AB accidents.
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TexHU4eckue u HOpMaTUBHO-NPaBOBble
acnekTbl yCTAHOBJIEHUSI MPU3HAKOB
aBapUMUHOCTU MHOrOKBAPTUPHbIX XUJbIX
AOMOB B paMKax CyAe6HbIX CTPOUTENIbHO-
TeXHUYECKUX IKCNepTU3

B npakTuke akcnepToB, paboTaroLLmX B paMKax CyAebHbIX CTPO-
UTEeJIbHO-TEXHUYECKNX BKCNepTn3, HacTo BO3HUKAKOT BOMPOCHI,
CBfi3aHHble C BbIIBIEHWEM MPU3HAKOB TEXHWUYECKOro 1 Hopma-
TMBHO-MPaBOBOro XxapakTepa aBapuvMHOCTU MHOrOKBapTUPHbIX
XWUNbIX AOMOB. OTO CBA3AHO C TEM, YTO YWCIO TAKUX OOMOB,
no paHHeiM PoccTtaTa, HeyknoHHO Bo3pacTtaeT. Kak mokasan
aHanma 3aKn4YeHnn OKCMNepTOB, BbIMOJIHEHHbIX B pPa3J/IN4HbIX
roCyAapCTBEHHbIX CYAE6HO-3KCNEPTHBIX YHPEXAEHUAX, eANHO-
ro nogxoda K nogobHOro poAa UccnefoBaHMsM B HacTosLee
BpeMms He CyLlecTByeT. B 3TOM OTHOLLEHUN HacTosLas cTaTbs
npeacTaBnaeT onpeaeneHHbln MHTEPeC, NOCKONbKY BOMPOCHI,
CBA3aHHbIE C aBapMIZHbIM XKWIbIM qaormom, ABNAOTCA aKTyasib-
HbiMW. Npy nccnegoBaHnaX, NPOBOAMMbBIX KCNepTamMu No AaH-
HbIM BOMpPOCaM, 4acTo NPOUCXOAUT CMbICIOBOE O6beANHEHNE
NMOHATUM «BETXOE COCTOSIHME 3[4aHUS» U «aBapUHOE TexHu4e-
CcKoe cocTosiHue». Llenbio gaHHon paboThl ABnseTcs pa3paboT-
Ka YHMBepCcasnbHOro anroputma uccnefoBaHun ansa cyaebHblx
CTPOUTENBHO-TEXHUYECKNX SKCNEPTM3, HaNpPaBeHHOro Ha pas-
peLleHvie BOMpocoB 06 aBapuMHOCTU XUIbIX MHOrOKBapTUPHbIX
[OMOB, KOTOPbIV, B TOM YMCNe, MO3BOSIUT YCTPaHATL MPOTUBOPE-
41 Mexay BblBOAAMU MEXBEAOMCTBEHHbIX KOMUCCUI 1 haKTu-
YeCKUM TEXHUYECKUM COCTOAHNEM 3,D,aHVIIZ. B ctaTtbe npmBoOOAT-
€Al KOHKPETHbIE NPUMEPbI NMOBPEXAEHNI 1 aBapuii (06PYLLEHWNIA)
MHOFOKBapPTUPHbIX AOMOB, UX MPUYMHBLI. PaccMoTpeHbl Hopma-
TVUBHO-NPAaBOBbIE U TEXHUYECKME acneKTbl npobnemsl. OTMeya-
eTcs, 4TO BCe OMMCaHHble aBapun He CBA3aHbl C TEXHOreHHbIMU
nnn l-Ipe3BI:;I‘-|al7IHI:IMI/I cuTyaunamum (SGMHeTpﬂceHI/IH, B3pPbIBbI,
noxapbl, TepakTbl), a ABAATCA pe3ynsTaToM ocnabneHns Kpu-
TUYECKWN BaXKHbIX HECYLLIMX KOHCTPYKLIMIA.
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Conceptual approach to assessing
the economic efficiency of out-of-court
settlement of construction disputes

The paper is focused on the potential of conciliation mechanisms as an integral component of investment and
construction projects delivering in terms of out-of-court disputes resolution, taking into account their diversity
and the presence of a public element. The main goal of mediation approaches is emphasized — to reduce con-
flict component in both economic activity as a whole and in the construction industry. Concept approach towards
cost-effectiveness evaluation of out-of-court disputes resolution is represented revealing the levels of media-
tion approaches development (legislative enshrinement, regulatory and consulting activity, sphere of education,
the structure of contracts) and structuring the costs of litigation: litigation fee, expenses for conducting a con-
struction expertise focusing on economic, technical, financial, value assessment and examination, expenses for
the services of a representative (legal assistance) and indirect costs which are mostly related to time period. Fur-
thermore, essential factors which have an impact on cost-effectiveness evaluation are highlighted: the amount
of litigation fees, the duration of proceedings, inflationary processes, fee exemptions and refund and type of
a contract. An important conclusion is made in the article that even in case of winning, court proceedings with-
out the use of mediation technologies at the early stages (referral to conciliation rooms) is not an effective way to
settle disputes. The findings and results can foster constructive partnership while delivering projects and taking
preventive measures in order to reduce significantly the level of conflicts in investment and construction sphere.
Keywords: conciliation mechanisms, out-of-court disputes resolution, economic efficiency, mediation ap-
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INTRODUCTION

The current priorities of the construction indus-
try development are focused on the implemen-
tation of conciliation mechanisms in practice,
which make it possible to eliminate contradictions
and disagreements in project delivery promptly and
at the lowest cost (both direct and indirect).

The above mentioned conciliation mechanisms
provide mediation approaches, the main goal of
which is to reduce conflict component in both eco-
nomic activity as a whole and in the construction
industry (given that construction disputes are among
the most mediative), and, as a result, to create
a framework for ensuring a favorable business cli-
mate, taking into account certain inequalities be-
tween representatives of government agencies and
large construction companies, banks and represent-
atives of small businesses. Because of this, the prin-
ciple of adversarial litigation reinforces the destruc-
tive processes of construction projects practical
implementation.

The basics of mediation approaches are the con-
structive nature of interaction among participants in
economic activity, the priority of negotiation process,
the voluntary nature of certain procedures, cost re-
duction and resource savings (compared with judi-
cial proceedings), the availability of additional com-
petencies of dispute resolvers, their independence
and impartiality [1].

MATERIALS AND METHODS

Concept approach towards cost-effectiveness
evaluation involves revealing the levels of mediation
approaches development and structuring the costs
of litigation.

Structural dynamic analysis of disputes resolu-
tion methods has allowed to identify the following
essential aspects:

¢ the greatest difficulty in resolving disputes in-
volving a public element is the lack of concili-
ation mechanisms and constructive interac-
tion [2];
the presence of a public element significantly
limits the scope of alternative dispute resolu-
tion methods, which may be non-arbitrable;
commercial arbitration is the least preferable
way of resolving disputes related to the imple-
mentation of construction projects, as it does
not allow to cover all disputable points and
monitor all stages of project implementation,
timely relieving tension and coordinating the in-
terests of all participants (both professional and
non-professional) [3];

project mediation with the participation of
construction experts with specialized compe-
tencies may be the most promising way to re-
solve disputes [4];

the relevant contract clauses should detail dis-
pute resolution procedures and provide a clear
concept of dispute resolution with a differenti-
ated approach to managing disputes and disa-
greements in the project;

it is also important to consider the option to
use alternative dispute resolution after the ini-
tiation of litigation;

in order to develop specialized ways of dis-
pute resolution in the public element, it is nec-
essary to develop not only out-of-court meth-
ods (mediation, extrajudicial expertise), but
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Fig. 1. Statistics characterizing the level of conflict in investment and construction (in the Russian Federation)

also conciliation procedures provided for by the procedural
legislation, which can be initiated within the courts (most of
them have open and functioning conciliation rooms, the par-
ties can apply to such rooms at any stage of the process) [5].

Moreover, existing approaches to the usage of conciliation
mechanisms (in terms of out-of-court dispute resolution) do not take
into account the total amount of costs of disputing parties and their
subject composition.

It is necessary to emphasize that in practice the amount of
damage to one or more parties to a dispute is often the result of not
only violations of contractual obligations arising from errors and
miscalculations of parties, but also can occur for the reasons not
depending on them in investment and construction activities
(Fig. 1).

Mediation approaches in the sphere, in which public authorities
are involved, require a number of measures that are both directive,
organizational and managerial in nature [6].

Let us highlight the levels of implementation of these approa-
ches:

1. Legislative enshrinement: the most preferable way to intro-
duce out-of-court mediation approaches into practice is to fix
the procedures in various legislative acts (having both general pro-
cedural character and sectoral affiliation). Moreover, such proce-
dures may be mandatory, in which case the disputing parties will
have no choice but to apply them. It should be emphasized that
the opinions of scholars and practicing mediators are traditionally
divided, not all of them are supporters of the mandatory nature of
the use of alternative dispute resolution methods, as it can be of
a formal nature and only delay the process (if the conflicting parties
do not intend to constructively resolve the contradictions) [7].

2. Regulatory activities: establishing standards for interaction
with business entities, requirements for relevant procedures,

adoption of legal acts and methodological recommendations as
a guideline. Even if it constitutes “soft” regulation” of relations, nev-
ertheless the level of conflict can be significantly reduced.

3. Consulting activities: the use of alternative dispute resolution
methods involves the involvement in the processes of dispute pre-
vention and resolution of persons with special competencies
in such areas as conflict management, psychology, design and ex-
pert activities, information technology, architecture. The participation
of such individuals, in turn, determines the development of consult-
ing services market in terms of effective management of disputes
and disagreements in the project [8].

4. The field of education: it is obvious that the development of
additional competencies takes place at the level of educational pro-
grams that provide appropriate training areas within the framework
of using alternative dispute resolution methods in relation to project
management (for example, project mediation, extrajudicial exami-
nation, etc.), taking into account the intersectoral orientation.

5. Contract instruments particularly related to the implementa-
tion of projects with the participation of public authorities [9, 10].
An important conclusion can be made that public contracts, con-
cession agreements, agreements on the procedure of monetary
compensation to the owners of engineering networks often contain
bonded (unfair) conditions. Such conditions may relate to excessive
penalties, high amount of payments to in the absence of counter-
part provision, unclear obligations of the public party, asymmetry
of responsibility, overly burdensome obligations for the construction
of social infrastructure, gratuitous transfer of the created objects,
etc. In turn, the lack of negotiation process in a number of cases
does not allow economic entities to influence the wording of con-
tracts, so it is extremely important that the initial standard forms do
not contain knowingly unreasonable conditions (Fig. 2) [11].
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RESULTS

Adoption of measures at various levels will ensure the effective-
ness of mediation approaches in the process of project delivering.

As mentioned above the cost-effectiveness evaluation involves
structuring the costs of litigation (taking into consideration the amount
of the claim, approximately — 9-10 % of this amount):

e litigation fee (which depends on the value of the claim). In ac-
cordance with the recent reform in the Russian Federation,
the amount of such fees has significantly increased, it creates
an important incentive for the parties to use out-of-court set-
tlement;

e expenses for conducting a construction expertise focusing
on economic, technical, financial, value assessment and ex-
amination;

e expenses for the services of a representative (legal assis-
tance).

Indirect costs are mostly related to time period.

As a practical example, a case on recovery of debt under
an agreement on payment of monetary compensation to the owner
of engineering networks and structures (compensation for all losses
caused by the elimination of gas networks on the land plot) can be
considered.

These actions are necessary in the case of construction of fa-
cilities on the land plot if there is a need to take measures in relation
to engineering networks and structures. The peculiarity of such dis-
putes is the dependence of issuance of a permit for commissioning
of the facility on the actions of the owner of the said networks to
execute the act of liquidation. In addition, a procedural feature of
similar cases is the need (in some cases) to initiate a forensic ex-
pert examination to establish the actual cost of the work performed.

Payment for work performed is based on actual costs incur-
red and the compensation amount specified in the contract is

Elaboration of contracts
standard forms

Improving dispute:
settlement system

provisional and cannot be used for final calculation of the cost of
work.

In practice, the parties may disagree as to the interpretation of
the terms of the agreement concerning the determination of the price
of the work: the defendant may believe that the initially determined
price is approximate and subject to adjustment in relation to the ac-
tual costs incurred in performing the work, while the plaintiff may
believe that the price of the work is not subject to adjustment unless
the scope of work agreed upon by the parties is changed.

If we consider the ability of such disputes to be mediated, it is
clearly present, both in terms of mediation itself, which allows to
agree on the value of the work performed, and out-of-court expert
examination (which also belongs to alternative dispute resolution
methods) in order to determine the actual scope of work performed
and its value [12]. Moreover, such disputes often point to inconsist-
ent behavior of a party to the dispute, including requests to take
measures to fulfill obligations and readiness to make a final settle-
ment.

In practice the total duration of such disputes may be about two
to three years. Even in case of winning the dispute it is necessary to
take into account inflationary processes, which for three years can
amount to — 28 %.

Thus, even in the event of winning the case (although, as noted
above, in such disputes the results of the forensic construction ex-
pertise are decisive), given the length of the trial, there are substan-
tial losses due to inflationary processes.

As for mediation technologies, disagreements concerning
the amount of compensation to the owner of engineering networks
and structures (compensation of all losses caused by the liquida-
tion of gas networks on the land plot) can be settled both within
the framework of judicial mediation and out of court. In the first
case — the plaintiff's savings would amount to 70 % of the litigation
fee (in case of conclusion of a settlement agreement (conciliation
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agreement) before the decision of the court of first instance, this
amount is subject to refund to the plaintiff). And, in addition, time
savings would have been achieved (even taking into account the ex-
pert examination) [13].

In the second case, the costs could be associated only with
the negotiation process with the participation of a mediator and, if
necessary, with out-of-court expertise.

Thus the analysis shows that the use of alternative dispute reso-
lution methods is the most preferable way out of a conflict situation,
and at the earliest stages. Thus, in practice there are cases of con-
clusion of amicable agreements after a considerable period of time
(for example, almost 2 years) after filing a statement of claim and
after the case has passed all the court instances. Undoubtedly,
such time costs seem unreasonable in view of the above factors.

CONCLUSION

Current development priorities require a significant revision of
approaches to conflict reduction in the construction industry. The use
of mediation approaches could have a significant impact on this pro-
cess [14].

The conceptual approach to assessing the economic efficiency
of out-of-court dispute resolution is based on the ratio of the costs
of litigation and conciliatory procedures (such as project mediation
and out-of-court expertise), taking into account such factors as
the amount of litigation fees, the duration of proceedings, inflation-
ary processes, fee exemptions and refund and type of a contract.

Analysis of the cost-effectiveness of dispute resolution using
mediation approaches was carried out on the example of a dispute
on debt recovery under the agreement on payment of monetary
compensation to the owner of engineering networks and structures
(compensation for all losses caused by the liquidation of gas net-
works on the land plot). Thus, litigation costs amounted to more
than 9 % of the claim amount. In addition, indirect costs related to
the time resource lead to depreciation of the claim amount for the
plaintiff (due to inflationary processes). The calculation made (tak-
ing into account the average duration of the trial) showed a loss of
30 % and a long stay in the conflict. Thus, even in case of winning,
court proceedings without the use of mediation technologies at the
early stages (referral to conciliation rooms) is not an effective way to
settle disputes.

Despite the obvious potential of mediation approaches, there is
currently a clear lack of measures aimed at their development, and
therefore levels of adoption are outlined: legislative enshrinement,
regulatory and consulting activity, sphere of education, the struc-
ture of contracts [15].

KoHuenTyanbHbIN NOAXOA K OLlEHKEe
3KOHOMMYeCcKOoMN IPPEKTUBHOCTHU
BHecyae6Horo paspeLueHus
CTpOUTENbHbIX CNOPOB

CraTba NOCBALLEHA NOTEHLMaNy NPUMUPUTENbHBIX MEXaHN3MOB
KaK HeOTLEMNEMOrO KOMMOHEHTa peannaaumnm MHBECTULIMOHHO-
CTPOUTESbHbLIX MPOEKTOB C TOYKN 3PEHNS BHECYAEOHOro paspe-
LLIEHWS CMOPOB, C YH4ETOM MX pa3Hoo6pasns 1 Hanuums nyonmy-
Horo anemeHTa. MogyepkMBaETCA OCHOBHAA LieNb MeanaTUBHbIX
NMOAX0A0B — CHWKEHWE KOH(PIMKTHON COCTaBMAOLLEN Kak B 9KO-
HOMMWYECKOW [eATeNIbHOCTU B LIeSIOM, Tak U B CTPOUTENbHON OTpa-
cnu. MpencTaBneH KoHUEenTyanbHbIN NOAXOA K OLeHKE 3KOHOMMU-
YecKoW apheKTUBHOCTN BHECYAEOHOIO YperynmpoBaHus Criopos,
pacKpbIBaKOLLMIA YPOBHU BHEAPEHUS yKa3aHHbIX NOAXoAoB (3a-
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KoHoAaTeslbHOe 3aKpensieHne, KOHCaNnTUHroBas [eATeNbHOCTb,
cthepa o6pazoBaHmns, MOANMUKALNA KOHTPAKTHBIX KOHCTPYKLINIA)
N CTPYKTYPUPYIOLLMIA 3aTpaThbl Ha CyAebHbI npouecc: cyaebHble
W3AEPXKKWN, PACXofbl HA NPOBEAEHNE CTPOUTENBHON SKCNEepTU3bI,
HanpaBIEHHON Ha SKOHOMMUYECKYIO, TEXHNYECKYIO, (DUHAHCOBY!O,
CTOMMOCTHYIO OLIEeHKY, pacxofbl Ha ycnyrv npefactasutens (opu-
[OMYECKYH0 NOMOLLb) Y KOCBEHHBIE PACXOAb!, KOTOPbIE B OCHOBHOM
CBsA3aHbl C BPEeMEHHbIMY n3gepxkamu. Kpome Toro, BblgeneHsl
CYLLIECTBEHHbIE (DaKTOPbI, BIMSAIOLLME Ha OLEHKY SKOHOMUYECKON
ahpeKTUBHOCTU: pa3mep CcynebHbIX U3OePXKeK, ANUTENbHOCTb
pa3bupaTtenbcTBa, MHMNALMOHHbIE NMPOLECChI, 0CBOGOXAEHWE
OT ynnatbl ¥ BO3BpaT rOCyAapPCTBEHHOWN MOLUMMHBI, @ TaKkXe TuM
KOHTPaKTHOM Mopenu. B ctatbe coenaH BaXHbIN BbIBOL O TOM,
4YTO fi@axe B Cryyae BblUrpbilla criopa B cyfe 6e3 ncnonb3oBa-
HWSi MeaNaTVBHbIX TEXHOMOI M Ha PaHHUX cTagusx (HanpasneHve
B KOMHaTbl IPUMUPEHNS) CyaebHoe pa3dmpaTensCTBO He SBMSIET-
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MexayHapoaHbI HayYHO-TEXHUHECKUI XYypHan

HeoBmX1UMOCTb: SKOHOMMUKA, ynpaeneHune

NPABOBLIE 1 COLMANbHBIE ACNEKTbI

ca 9pheKTUBHBIM CNOCOOOM YperynmpoBaHus pasHornacuin. No-
Ny4eHHble BbIBOAb! U pe3ynbTaTbl MOrYT CNOCO6GCTBOBATL Pa3Bu-
TUIO KOHCTPYKTUBHOIO NapTHEPCTBA MNPV peanusaummn NpoeKkToB
N MPUHSATUIO MPEBEHTUBHbBIX MEP AN CYLLECTBEHHOIO CHUXXEHUS
YPOBHS KOH(PNMKTHOCTM B MHBECTULIMOHHO-CTPOUTENBHOM cdhepe.

Knro4eBble cnoBa: cornacutesibHble MexaHu3Mbl, BHECYAe6Hoe
paspeLLeHne CriopoB, SKOHOMUYecKasi 3(p(heKTUBHOCTb, Meana-
TUBHbIE MOAX0AbI, 3aTpatbl Ha cyaebHoe pa3buparesibCTBO
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