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AHHOTALUMNA

BBeaeHue. lNMpuBeaeHbl pesynbsraTtbl UCCreAoBaHUs )M3HEHHoro umkna (ML) MHorodyHKLMOHanbHbIX 0OBEKTOB CTPOU-
TenbCTBa C Y4ETOM MX (PyHKLMOHANbHOM cneundukn. HayyHasi npobnema nccrnefoBaHust 3akmo4aeTcsl B HECOOTBETCTBUM
CYLLECTBYIOLLMX CNOCOOOB yNpaBneHus NpoekTaMmy CTPOUTENLCTBA MHOTOMYHKLMOHANBbHBIX 0ObEKTOB COBPEMEHHBLIM Tpe-
60BaHNAM K Ka4yecTBy M 3a(pPeKTUBHOCTM UX peanusaummn B pamkax Teopun ynpasnenus XL. O6bekTtoM nccnegoBaHus
SIBMNAIOTCA OpraHn3aunoHHO-TexHonormdeckne pelennst (OTP), peanuayemMble B paMkax CKBO3HbIX MPOLIECCOB Yepes aTanbl
NPOEKTUPOBaHUS, CTPOUTENBCTBA M aKkcnnyaTauun B xoge XXU. MNpeamMer uccnenoBaHns — KOMMIEKC KPUTEPUEB OLIEHKM
KayecTBa MPUHMMAaEMbIX PELUEHU: CTOMMOCTU, HAAEXKHOCTU, TEXHONMOIMYHOCTM U yHKUMOHanbHocTu. Lienb nccnegosa-
HUs — pa3paboTka MHOTOKpUTEPMANbHOM CUCTEMbI OLeHKM komnnekca OTP onsa ynpaBneHusi Kno4eBbIMU CKBO3HbIMY MPO-
ueccamu XKL, MHOrodyHKLMOHaNbHOro oobekTa.

Matepuanbl u meToabl. B kayecTBe matepuanoB nccnegoBaHus npeanoxeHa 6asa gaHHbix OTP, NpuBsA3aHHbIX K aTany
XKLL cTtpouTensHoro obbekTa 1 Budy CKBO3HOro npouecca. PaspaboTaHHas MatemaTtuyeckasi Mogenb Bblibopa v OLEHKM
NPOEKTHBLIX PELLEHU HA OCHOBE MAaTpUYHOrO MeToda 06paboTkv AaHHbIX NO3BONSAET NPOBOAUTL KOMMIEKCHBIN aHanNn3 ag-
(PEKTUBHOCTM NpOeKTa CTpouTenbcTBa B TedeHne XKL, MHorodyHKLMOHansHoro obbekTa.

Pesynbrathbl. MNpeactaeneHbl: 6a3a AaHHbIx OTP ans ckBO3HbIX NpoLeccoB Ha npoTshxeHun XKL MHorodyHKLoHansHoro
obbekTa cTpouTenbCcTBa, MaTteMaTmyeckasi Mogenb Bbibopa M KOMMIEKCHOW OLEHKM MPOEKTHBLIX PELUEHWUI, NMPaKTUYeCKIN
WHCTPYMeEHT ynpasnexus XL, Ha ocHOBe cpaBHEHUS Pa3NUYHbIX CLIEHap/eB OpraHM3aLMmn 3TanoB XXU3HEHHOTO LUMKMa U Bbl-
©opa onTUMarnbsHOro Mo KPUTEPUIO CTOMMOCTM U TEXHOMOTMYECKUM XapaKTEPUCTUKAM PELUEHUN.

BbiBogbl. O6racTb NPUMEHEHNUsSI MHCTPYMEHTA OLIEHKMN JNIEXMT B MOCTAHOBKE 3a4a4v ONTUMU3aLUN CTOMMOCTHBIX U TEXHU-
YECKMX XapaKTepuUCTUK cueHapus ynpaenenus XKL MHorodyHKUMoHanbHoro obbekta. OnTuManbHbIA BbIGOP TEXHONOMMN,
MaTeprarnoB 1 MIaHUPOBOYHbIX PELLEHUA AaeT BO3MOXHOCTb CHU3WUTb 3aTpaTthbl HA CTPOUTENBLCTBO M SKCMyaTaumio, NoBbI-
CUTb JONTOBEYHOCTb M KOM)OPTHOCTb 3A4aHUN.

KINKOYEBBLIE CITOBA: ynpaBneHue )XU3HEHHBbIM LIMKMOM, MHOFOMYHKLMOHArbHbIA OBGBbEKT CTPOUTENBLCTBA, CKBO3HOW NPO-
Liecc, cMcTeMa OLEHKW, OpraHW3aLMOHHO-TEXHONOMMYECKNE PELLEHUS, MHOTOKpUTEpUarnbHbIA aHanus, maTpuyHas dopma-
nusaums, 6asa gaHHbIX
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ABSTRACT

Introduction. The paper presents the results of a study of the life cycle of multifunctional construction facilities, taking
into account their functional specifics. The scientific problem of the study is the discrepancy between the existing methods
of managing projects for the construction of multifunctional facilities and modern requirements for the quality and effective-
ness of their implementation within the framework of the theory of life cycle management. The object of the research is
organizational and technological solutions implemented within the framework of end-to-end processes through the stages
of design, construction and operation within the life cycle. The subject of the research is a set of criteria for assessing
the quality of decisions made: cost, reliability, adaptability and functionality. The purpose of the research is to develop
a multi-criteria evaluation system for a set of organizational and technological solutions for managing key end-to-end pro-
cesses of the multifunctional facility’s life cycle.

Materials and methods. A database of organizational and technological solutions related to the stage of the life cycle
of a construction facility and the type of end-to-end process was proposed as research materials. The developed mathemati-
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cal model for selecting and evaluating design solutions based on the matrix data processing method allows for a compre-
hensive analysis of the effectiveness of a construction project during the life cycle of a multifunctional facility.

Results. The research results include: a database of organizational and technological solutions for end-to-end processes
throughout the life cycle of a multifunctional construction facility, a mathematical model for selecting and comprehensively
evaluating design solutions, and a practical life cycle management tool based on comparing different scenarios for organiz-
ing life cycle stages and selecting optimal solutions based on cost and technological characteristics.

Conclusions. The scope of the assessment tool lies in setting the task of optimizing the cost and technical characteristics
of the life cycle management scenario of a multifunctional facility. The optimal choice of technologies, materials, and plan-
ning solutions reduces construction and maintenance costs, and increases the durability and comfort of buildings.

KEYWORDS: life cycle management, multifunctional construction facility, end-to-end process, evaluation system, organiza-
tional and technological solutions, multi-criteria analysis, matrix formalization, database

FOR CITATION: Khrabrov A.P. Life cycle management of multifunctional construction projects based on an end-to-end pro-
cess model. Vestnik MGSU [Monthly Journal on Construction and Architecture]. 2026; 21(7):1229-1249. DOI: 10.22227/1997-

0935.2026.7.1229-1249 (rus.).

Corresponding author: Anton P. Khrabrov, a.khrabrov@cckgroup.ru.

BBEJEHUE

CoBpeMeHHBIH TPEH B pa3BUTHH KOMMEPYECKOH He-
JIBIDKMMOCTH B TOPOJIaX ONPEENeT PacTyIIytO MOMyJIsip-
HOCTb CTPOUTEIIECTBA MHOTO(YHKIIOHAJIEHBIX OOBEKTOB,
CIOCOOHBIX THOKO ITOJICTPAaNBATHCS TIOI TIOTPEOUTEITHCKIUIA
CIpOoC HaceleHHs. JTo 00ecneynBacT CTaOMIHHOCTD 3a-
TPpy3KH IUIOMIA/IEH 30aHNs U, KaK CIIEICTBUE, MAKCUMaIlb-
HYI0 3(QEKTUBHOCTh peann3anuu mpoekra [ 1-3].

Crenyronuii TpEeH I JIEKUT B 00JIACTH yTIPABICHUS
CTPOUTEIBHBIMU ITPOCKTaMH Ha 0a3e KOHIEIINN KH3-
HerHoro 1ukia (JKLL). On onpenernseT Bce OOMbITHIA HH-
Tepec JEBENIONEPCKUX KOMIIAHUN K pealn3aliy OIHOTO
KL, HaunHas C 3Tana IIaHUPOBAHUSA 10 CHOCA 3aHus,
YTO ITO3BOJISICT PACIIUPUTH TPaHUIbl OusHeca [4, 5].
MupoBasi npaKkTHKa 11oKa3bBaeT A((HEeKTUBHOCTH TAKOTO
crioco0a ynpaBJIeHUs: HHTETPUPOBAHHBIH MPOIIECC MPH-
HSTHUS B3aNMOCBSI3aHHBIX OPraHU3allHOHHO-TEXHOIOTH-
yeckux pemeHnid (OTP) oT sTama k dTamy Mmo3BossieT
9KOHOMHTH 110 30 % 3aTpar u MoBbIIATh MPUOBLIEHOCTD
npoexra [6, 7].

Ynpasnenne XK1 crpourensHOro 00bEKTa Ha OCHO-
Be ero orenku (Life cycle assessment (LCA)) ocHOBaHO
Ha KOMIUICKCHOM aHaJIn3¢ OM3HEC-POEKTa Ha CTaAUsIX
TUTAHUPOBAHUS, IPOCKTUPOBAHNUS, CTPOUTENIBCTBA, IKC-
TUTyaTalny, PeIeBeNIONIMEHTa U CHOCa, YTO 00ecIeuu-
BacT IOHUMaHUe 00bEKTa KaK ANHAMHYECKON CHCTEMBI
¢ onrocpouHbIMU riocieacTsusmy [8]. [penmymiecTtsa
peanu3anuy TaKoro MOAX0/a JIEKaT B c(hepe TOCTHKE-
HUSI MHOXKECTBA LIEJIEH COBPEMEHHBIX KOHLEMLINUN FOpoI-
CKOTO JIEBEJIONIMEHTA:

1. Konuernmu ruOKOCTH TOPOJICKHUX PELICHUH 1 ObI-
CTPOIi aJjanTaliy K YCIIOBUSI H3MEHSIOLIEIOCs MOJIb30Ba-
TEIIBCKOTO CIIPOCA, YTO BEJIET K TTOBBIIICHUIO S3KOHOMHYE-
CKOH A PEKTUBHOCTH CTPOUTENBLHOTO TipoekTa [9, 10].

2. KoHnenmuu mupKyIspHOH 3KOHOMHUKH, Halle-
JICHHOH Ha SKOHOMHMIO PECYPCOB IPH B3aUMOYBS3aHHOM
TUTAHUPOBAHNH PACXOJIOB HA CTPOMTEIBLCTBO M HKCILTya-
Tanuio oovekTa [11, 12].

3. Konrenmmy mugpoBoro ynpasieHus, OCHOBAHHOH
Ha co3aanuu equHon BIM-Monenu u peanusaiiiu Ha ee oc-
HOBE MHTETPUPOBAHHBIX MPOIIECCOB ympasieHus [13, 14].

Taxum o6pazom, yripasienue XKL orBeyaer 3a CKBO3-
HOE TTAaHWPOBAaHHUE, HAIIGIICHHOE HA MAaKCUMU3ALIHIO JI0-
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XOIHOCTH TIPOEKTA CTPOUTEIIBCTBA, ONITIMH3AIIHIO 3aTPaT
Ha co3/IaHue 00BEKTa, a TAKKE BKIIA]] B PEATTM3ALIHIO LIeIN
YCTOMYMBOIO TOPOJICKOTO Pa3sBUTHS KaK MHPOBOTO TPEHA
TOPOJICKOTO CTpouTenbeTBa [ 15, 16].

AHalm3 MUPOBOH U OT€UYECTBEHHOH MPAKTUKU CTPO-
UTEJBbCTBA MHOTO(YHKIIMOHAJIBHBIX OOBEKTOB IOKa3bl-
BacT HAJMYME PsAa 0COOCHHOCTEH, OTpaKEHHE KOTOPBIX
B nporiecce yrpasieHns KL monoOHbIX MpoeKToB Oy-
JIeT UrpaTh KII0YEBYIO POJIb B €ro OyayIiei 10X0AHOCTH
1 OTIPENICIIATH MOPSIOK IPUHATHS pereHui (Tadm. 1).

B nepByro ouepesnb, 0COOCHHOCTBIO SIBISIETCS T10-
BBILICHHAs] COLMAIIbHAS POJIb MHOTO(YHKIIMOHAILHOTO
00BbeKTa B TOPOZE, YTO HAKIAJBIBACT OTBETCTBEHHOCTD
3a KOPPEKTHBIN BHIOOP y4acTKa C ONTUMAILHBIMHU YCIIOBH-
SIMUA TPAHCIIOPTHOM U NELIEXOJHOM TOCTYIIHOCTH, a TaK-
JKe ydeTa HHTCHCUBHOCTH HCIIOJB30BAaHHUS TEPPUTOPUH
B 30HE BIMsHUS 00bekTa [ 17]. [loBbIIIeHHBIE TPeOOBaHHS
K HaJIe)KHOCTH, (PyHKIIMOHAIBLHOCTH, 0€30MacHOCTH 00b-
eKTa JUIs Pa3IMIHBIX TPYIIIT HACEIICHUS OMPEEIISIOT BBI-
0Op COOTBETCTBYIOIINX MPOCKTHBIX perieHui [ 18].

HemanopaxHo# 0COOEHHOCTBIO OCTAETCS U Liese-
CO00pa3HOCTh THOKOTO YIPaBJICHUS apeHIHBIMH IIIOIIA-
JSIMH B COOTBETCTBHH C H3MEHEHHEM MOTPEOUTEIBCKOTO
CIpOCa, 4TO JUKTYET MOTPEOHOCTh CO3JaHUsI CHCTEMBI
KOHTPOJISL ¥ aKTHBHOTO PEearnpoBaHMs Ha (PYHKIHOHATb-
HOE 3arnoHeHwne wiomasei [19]. Ykazanaas 0cOOCHHOCTB
OIpEeACIISIeT YacTyl0 HEOOXOAMMOCTh PECBEIONMEHTA
WA PEKOHCTPYKIMU 3/IaHUS, U YUeT TaHHOTO acIeKTa
MIPH BBIOOPE TUIAHUPOBOYHBIX, KOHCTPYKTHBHBIX W WH-
JKEHEPHBIX PELIeHNH 31aHNs Ha 3Tare IPOeKTUPOBAHUS
TIO3BOJIUT ONTUMU3UPOBATH 3aTPATHI Ha TaHHBIH IIPOIIECC.
OH MOJKET 3aKJII04aThCsl B OPraHn3aliy Majoro oobema
PEMOHTHBIX padoT 1O M3MEHEHHIO BHYTPEHHEH OT/IEIKH
WM HEeHECYITNX KOHCTPYKIIMH 31aHNUS WM €T0 TOIHON
PEKOHCTPYKITH KOHCTPYKIHH. MUPOBO OITBIT TIOKa3bI-
BAET, YTO MEPHOUIHOCT 3TOTO 3Tama, Kak IpaBuio, oT 1
JI0 5 meT, uTo TpedyeT ydeTra MpH YIpaBICHUN 3TaHUEM
Ha BceM npotspkeHuu ero XKL [20].

B obnacTy HayuHBIX MCCIIEI0BaHUN aKTya bHBIMU
HarpasieHusIMA yripasieHus XKL MHOTOMYHKITHOHATH-
HBIX OOBEKTOB SIBIISTIOTCS:

* TIpUMEHeHHe U(POBBIX HHCTPYMEHTOB yIIpaBJie-
Hus Ha npoTsbkenuu Beero KL [21-23];
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Tabu. 1. OcobeHHOCTH yIIpaBICHUSI MHOTO(YHKIHOHAILHBIX 00bEKTOB

Table 1. Management features of multifunctional facilities

OcobeHHocTH CKBO3HOI mporecc Hanpasnenus peanuzanuu CKBO3HOTO TpoLiecca
MHOTO(YHKIIMOHATBHBIX YIpaBICHUSA Directions of implementation of the end-to-end process
00BEKTOB End-to-end management
Features of multifunctional process
facilities

TloBbllIeHHAst coOLManbHas | YIpaBleHUe Yacrasi, 110 CPAaBHEHHUIO ¢ MOHO(YHKIIMOHAIBHBIMU

poab 00BEKTOB MOTPEOUTENECKUM 3IAHUSAME, HEOOXOANMOCTh pa3paboTKH MPOEKTOB

B TOpOJIE KaK IIEHTPOB CIIPOCOM peaeBesonMeHTa/PEKOHCTPYKIIHHU 31aHHUSL.

TIPEIOCTABICHHUS YCIIyT Consumer demand TpeboBaHus K 00ECTICUCHHUIO YCIOBUH JOCTYITHOCTH K OOBEKTY

The increased social role management JUTSL PA3TMYHBIX TPYIII TTOJIE30BaTEICH.

of facilities in the city as TpeboBaHus K OpraHU3aUN YHUBEPCATbHON

service delivery centers CpeJibL.
TpebOoBaHUs K MOBBIIICHHONW HAJISKHOCTH
1 QYHKIMOHAIBHOCTH HPOCKTHBIX PELICHUH
Requirements for ensuring accessibility conditions to the facility
for various user groups.
Requirements for the organization of a universal environment.
There is a frequent need to develop
redevelopment/reconstruction projects in comparison with
monofunctional buildings.
Requirements for increased reliability and functionality of design
solutions

Brictpast cmensiemocTsb VYnpasienue I'mOkoCcTh  MPOCTPAaHCTBEHHO-IUIAHNPOBOYHBIX PEIICHUH.

apeH/IATOPOB MaTepHaTbHBIMH Opranu3anyst TeXHOJIOTUUECKUX MPOIECCOB B 3aHHM.

¥ HEOOXOAMMOCTh
aJlanTanuy IpOCTPaHCTBA
TI0/] HOBBIE (DYHKIIUH

The rapid turnover of
tenants and the need to adapt
the space to new functions

MMOTOKaMU U pecypcaMu
Management of material
flows and resources

Oco0ble TpeOOBaHMS K PEMOHTONPHTOJHOCTH U 3aMEHE
KOHCTPYKIHUH.

CucTeMBl ynpaBJIeHHs apeHIHBIM OH3HECOM

Flexibility of spatial planning solutions.

Organization of technological processes in the building.
Special requirements for maintainability and replacement of
structures.

Rental business management systems

TToBEIIICHHEIC

00beMbl HHYOPMALTUH

10 yTPaBJICHUIO
MHOTO(YHKIIHOHATBHOCTBIO
Increased amounts of
information on multi-
functionality management

Hudposoe ynpasnenue
Y KOHTPOITb

Digital management
and control

JlonrocpovHoe NPOIEeCCHOE IIAHMPOBAHUE U IPOrHO3UPOBAHHE
LIEJIeBBIX XapaKTePUCTHUK.

COop, XpaHCHHE JIOKYMCHTAIIHH.

CucreMbl OpraHU3aliy B3aHMOYBS3aHHBIX IIPOIIECCOB
Collection and storage of documentation.

Long-term process planning and forecasting of target
characteristics.

Systems for organizing interconnected processes

TToBbIlIeHHBIC TPEOOBAHUSI
K 0€301aCHOCTH Pa3IHYHBIX
IPYIII HACEICHHS

Increased safety
requirements for various
groups of the population

Vipasnenue
6€301MacHOCTHIO
Security management

Tpe6osanus 'O u UC.

Dkonornyeckas 0€301acHOCTb.

INoxxapHast 6e3011acHOCTB | JIp.

Civil defense and emergency requirements.
Environmental safety.

Fire safety, etc.

TpeOGoBaHMEe COOTBETCTBUS
COIMABHBIX 00BEKTOB
MPUHIMIIAM yCTOHYHUBOTO
pa3BUTHA

The requirement of
compliance of social
facilities with the principles
of sustainable development

VYnpasnenue
9Hepro3(hHeKTHBHOCTHIO
Energy efficiency
management

CucTeMbl HHTETPUPOBAHHOTO YIPaBIECHHUs PaboTOH
WHXEHEPHBIX CHCTEM.

TexHOIOrHM yMHOTO JIoMa.

MepomnpusTHs 10 HOBBILICHUIO YHEProIPPEKTHBHOCTH
APXUTEKTYPHO-TUITAHUPOBOYHBIX H KOHCTPYKTHBHBIX pELICHHUI
Integrated management systems for engineering systems.
Smart home technologies.

Measures to improve the energy efficiency of architectural
planning and design solutions
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* HCIIONIb30BaHHE COBPEMEHHBIX TEXHOIOTHIA MPO-
CKTUPOBAHU, CTPOUTEIILCTBA M DKCILTyaTaIl|H, Halle-
JICHHBIX HAa TIOBBIIIICHUE HAZICKHOCTH, (PyHKIIMOHAIEHO-
CTH U TEXHOJIOTUIHOCTH TIporieccoB [24, 25];

* peanm3arys CKBO3HBIX MEPOIIPHUSITHI 110 obectie-
YEHHIO HKOJIOTHIECKOH 0e30macHOCTH 00bEKTa CTPOU-
TEJIECTBA I MUHUMH3ALIUH BPEIHOTO BO3ICHCTBHUS OT €0
9KCILTyaTallid Ha FOPOACKYIO Cpeny;

* BOIIPOCHI 3HEPTo3(H(HEKTUBHOCTH, PAITOHATIHHO-
TO HCIIOIBb30BAaHUS PECYPCOB, MX PEIUPKYIALNN U CHU-
JKEHHsI BBIOPOCOB YIJIEKHCIIOTO ra3a B IPOLECCe IKCILTY-
arammu [26, 27];

* BOIPOCHI U3yUYECHHUS COIUATBHBIX 3P (PEKTOB B 00-
nacté (OPMUPOBaHKST MHOTO(QYHKIIMOHAIBHOW rOpoI-
ckoli cpenpl [28, 29];

* BOIIPOCHI MTOTPEOUTETHCKOTO MEHEPKMEHTA MIPH
rHOKOM YITpaBJICHNH TIOMIAASMU apeH/Ibl U CIOCOOBI MO-
BBITIIEHMS Y PeKkTHBHOCTH mpoekTa [30, 31].

Oco0oe BHUMaHHE yreisieTcsl pa3padoTke U Ha-
Y4HOMY OOOCHOBAHHMIO TPAKTHYECKUX MHCTPYMEHTOB
MIPUHSATHSI PEIICHUH B 00JIaCTH CKBO3HOTO YIIPABICHHUS
OPTaHU3AIMOHHO-TEXHOJIOTHIYECKUMHU MPOIECCaMU
Ha npotskeHuu XKL Ha ocHOBEe METOZ0B MaTeMaTHye-
CKOTO MOJICITPOBAHMS, MHOTOKPHTEPUAIIBHOTO aHAITN3a,
TEXHOJIOTHH 00pabOTKH OONBIIIX ITaHHBIX, HCIIONIB30-
BaHMsI MHCTPYMEHTA IIPOrHO3MPOBAHUS Ha 0a3e UCKyC-
CTBEHHOT'0 MHTEJUIeKTa [32-35].

B nacrosimee Bpemst uist Poccun 310 HanpasiieHue
HCCIIeIOBAHUI — HOBOE U aKTyalbHOE, YTO OMpeaes-
€TCsI TTOSIBIICHIEM Ha PBIHKE JCBEIONECPCKAX KOMIIaHUH,
MpeaIaraloIinX YCIYTH MO0 CKBO3HOMY YIPaBICHHUIO
KL, 1 HeTOCTAaTOUHBIM Pa3BUTHEM HayYHO-METOIUYC-
CKOHM 0a3bl Ayl CO3/1aHMsI HHCTPYMEHTOB YIIPaBICHUS
KL MHOTOYHKIINOHATEHBIX OOBEKTOB.

B oreuecTtBennoit Hayke ynpasinenue XKII[ mpen-
CTaBIIsIeT cO00M MEXIUCUHIUIMHAPHOE HaIpaBJICHHUE,
HMHTETPHUPYIOIIee BOMPOCH! MPOSKTUPOBAHNS, OpraHU3a-
IIUU CTPOUTEIBHOTO Tpoliecca, HHXEHEPUH, IKOHOMH-
K, (POBOro MeHEVKMEHTa 1 dKoslorun. B obnactn
MPOCKTUPOBAHUS M CTPOUTEIHCTBA OOBEKTOB 00IIIE-
CTBEHHOTO HA3HAYEHUS MPECTABICHBI HCCIETOBAHH-
SIMM TaKUX POCCHMCKHX aBTOpPOB, kak A.A. Jlanuayc,
JLA. Anamuiend, A.B. 3Barunmnesa [29, 32, 33], koTo-
pBIE€ MOTYEPKHUBAIOT POJIb BEIOOPA TEXHOJOTHI CTpO-
UTEIbCTBA MU METOJOB OPTaHM3ALUU CTPOUTEIHHOIO
npou3BoacTBa npu ynpasieHun XK. B padorax takmx
aBTopoB, kak IL.I. I'paGossiii, B.B. Bonrusn, T.3. A3u-
MoB, A.C. Tpommn [21, 35, 36-38] paccmaTpuBaroTcst
BOTIPOCHI YIIPaBIEHUsSI pUCKaMu mpu peannzannu JKI]
CTPOUTENILHBIX 00BEKTOB, a TAKXKE 00JACTH UX BO3HHK-
HoBenus. Uccnenosanue H.I. Bepctunoii [20] noces-
IIEHO aHAJIN3Y COBPEMECHHBIX TIOIXOI0B K 00CCIICUCHHIO
YCTOMYHMBOIO Pa3BUTHUSI CTPOUTEIBHBIX OpraHU3aLuil.
B tpynax C.I. Heunoii [24, 30], B.fl. Mumenko [24]
OTIpezIeTIeHBI 0COOCHHOCTH OIleHKH cTormMocTH JKLI.

Oco0oe BHUMaHNE B HAYIHOH cepe yaeneHo npu-
MEHEHHUIO IIM(POBBIX TEXHOJOTHH. B McciaenqoBanmsx
B.M. Tpasyma, A.H. OBunnnukoBa u A.A. Bosnkosa,
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A.M. Dasmyp3aesa [22, 23, 25] npencTaBieHbl TOAXO-
JIbI K TH(OPMAIIMOHHOMY MOZEINPOBAHUIO HAZEKHOCTH
OpPraHM3allMOHHO-TEXHOJIOTHYECKOH ITOCIe/I0BATEb-
HocTH cTpouTenbeTBa. A.O. Pribakosa, B.A. Bonko-
naBs, M.A. Bonkonas [39, 40] paccMoTpenu BOMPOCHI
MH()OPMAITMOHHOTO MOAETUPOBaHMs U o0nacTh BIM-
texHosoruit ans ynpasinenus KL 3nanuii. Bonpocst
9KOJIOrO-3KOHOMHYeckoro obocHoBanus XK1, kotopsie
BXOZAT B COCTaB MCCIIEJOBAHUS, OTIPE/ICIICHBI B padoTe
A.A. benyxa [27], B KOTOpoil mpeacTaBIeHa 3KOJIOTO-
sKoHOMHIYecKast Mmoaenb JKL 3manms Ha 0CHOBE KOHIISTI-
IIMN «3€JICHOT0» CTPOHUTEIIHCTBA.

Heo0xoauMo OTMETHTh BBICOKHMH BKJIa[ Mpodec-
copa JI.LA. OmapuHO#l B MHOTOCTOPOHHEE pa3BUTHE
tembl ynpasnenus JKII, B ee paborax mpeacTaBIeHbI
Y METOIOJIOTMYECKH OIMCAHBI METO/IBI IPIMEHEHNUS HC-
KyCCTBEHHOI'0 MHTEJUIEKTA MPHU pealln3allui TeXHOIO-
TMYECKUX MPOIIECCOB CTPOUTENbCTRa [41, 42], a Takxke
OZIMH TTOAXO K Peali3aliy CKBO3HOTO IPOIIECCa PaIifo-
HaJIbHOTO MCIIOJB30BaHMS MaTepPHAIIOB IIPH PEaTU3aLliN
«OepeXIIMBOTO MTPOU3BOICTBAY, PACCMATPUBAEMbIX B Ha-
CTOSIIIIEM HCCIIEIOBAHHH.

OOBeKTHI HCCIeIOBAaHHUST — MHOTO(YHKIIMOHAb-
HBIC 3/IaHMS, KOTOPBIC UMEIOT OCOOCHHOCTH 1 CIICN(PUKY
oprannzanmu ux JKL. OHa paccmarpuBaiack B paboTe
A.C. PomanriioBa [28] kak onpe/eseHie MHOTO(pYHKIIHO-
HAJIBHOTO KOMILJIEKCAa KOMMEpPYECKOH HEIBMKUMOCTH,
a Taroke B paHee BHITOITHEHHOI paboTe aBTopa [34].

Pe3ynbrarel U3y4eHHsI TPYAOB OTEUECTBEHHBIX
YUCHBIX JIEIJIM B OCHOBY Pa3pabOTKH aBTOPCKOTO IOJI-
xoza K ynpasieHuto XK1 MHOro]yHKIMOHAIBHBIX 3/1a-
HHH C y4ETOM KOMILIEKCAa TEXHOIOTNUECKHX, OPraHn3a-
IIMOHHBIX, YKOJIOTHYECKHIX, IKOHOMUYECKNX (haKTOpPOB
U ONpENeNIWIN LeNb JaHHOTO UCCIEN0BaHUS — MOCTPO-
€HHE MOJIETIM CKBO3HBIX ITPOIIECCOB C YYETOM 0COOCHHO-
creit ynpasnerust YKL MHOrOQyHKIIMOHAIBHBIX 00bEK-
TOB CTPOMUTENHCTBA M Pa3padOTKa MHCTPYMEHTA OLIEHKH
BapuanTtoB OTP, mpuHrMaeMbIX Ha Ka)XXA0W U3 CTAAHUI
JKL] Ha ocHOBE MaTpPUYHOTO METO/A.

MATEPHUAJIBI I METO/bI

O6nexTom uccnenosanus Boictynaet JKL| mHOTO-
(hyHKIIMOHATBHOTO 00BEKTa CTPOUTEIHCTBA, KOTOPBIN
BKJIIOYAET OCHOBHBIE STAIbL: INIAHUPOBaHUE, IIPOSKTHPO-
BaHHE, CTPOUTEIIHCTBO, SKCILTyaTalysl, peIeBEIONMEHT
u cHoc. Ynpasnenue JXKI| 3akmodaercs B mocienoBa-
TEIBHOM OPraHU3aIMi ¥ KOHTPOJIE CKBO3HBIX ITPOLIECCOB
npuasaTas OTP, nMeromux eanHyo neib dPPEKTHBHO-
CTH. DTO NO3BOJISIET IPEBPATUTH Pa3pO3HEHHBIE JTAIlbI
B €IMHBIH YIPaBJISIEMbIi TIOTOK HH(POPMALIMK U MaTepH-
QJIBHBIX IIEHHOCTEH, TJIe BCE PEIIeHNS CKOOPANHUPOBAHBI
MEXKIy co00H B paMKaxX €JITHONW CHCTEMBI YIIPABICHHS.

st neneit uceaenoBaHus ONpeeseHbl TPU 3Ta-
na XXII, Ha KOTOPBIX MPUHUMAIOTCS OpPraHU3alMOHHO-
TEXHOJIOTHYECKUE PEIICHHS:

* 3Tall MPOECKTUPOBAHUS/PEIEBEIONIMEHTA — OC-

HOoBHas ctanus npuHsatusg OTP Ha sTanmax cozganus
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ceTell 1 000pyI0BaHHS
Redevelopment
of engineering systems
and equipment

CHoc
Demolition

b

N
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Puc. 1. CtpykTypa JaHHBIX )KU3HEHHOTO ITMKJIa MHOTO(YHKIIMOHAIEHOTO 00BhEKTa

Fig. 1. The data structure of the life cycle of a multifunctional object
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A.l. Xpabpoe

MIPOEKTA U PeaTn3alliy PeIeBEIONMEHTa IS QalTaIlH
K M3MEHEHHUIO MOTPEOUTENHCKOTO CIIPOCa;

* 9Tal CTPOUTENBCTBA — CTAMS CO3aHUS 00bEK-
Ta CTPOUTENILCTBA M 00JIACTH MPUHATHS PELICHUH IO Op-
TaHM3AIMH CTPOUTENBHOTO MIPOU3BOACTBA M KOHTPOJIS
KauecTBa CTPOUTEIILCTBA;

* 3Tal 3KCIUTyaTalii — CTaus IPUHSTHS yIPaBJICH-
YeCKUX pemeHui mo tumy peanuszanuu OTP mo ynpas-
JICHUIO COCTOSTHIEM O0BEKTa CTPOHTEIHCTBA C IIEITbI0 00ec-
TIeYEHNST MAaKCUMAJIBHOM TOXOTHOCTH.

Oran MmIaHupOBaHMs IPHHUMAETCS B BUJIE UCXOJ-
HBIX JIJAaHHBIX [UIS peaJIN3alliy IIPOEKTa, OIPECIAIONX
(hMHAHCOBYIO MOJIEITH €TO PEATH3ALMH. DTal CHOCA MPH-
Humaetcs kak okoHdanue XKL u 3aBepuienue npouecca
yIpaBJIeHUsI.

PeneBeonMeHT sIBIsIETCS NIABHOH 0COOCHHOCTBIO
B ynpasienun XX MHOroyHKIIMOHANIBEHOTO 00BEKTa
CTPOUTEILCTBA, MPEICTABISIONINNA YacTO ITOBTOPSIO-
IHIACS TIpoIIece sl THOKOM alanTalliy K MOTpeOnuTeNhb-
CKOMY CIIPOCY Ha IIPEAOCTABIISIEMbIE YCIIYTH CO CTOPOHBI
HACEJICHUSL.

Ha puc. 1 npencraBnena cTpyKkTypa JaHHBIX UCCIe-
nmosanus JKL MHOTOQYHKIIHOHATFHOTO 00BEKTa, KOTO-
past BKJII0YaeT TPU OCHOBHBIX M3MEPEHHS.

1. U3mepenue 1 .S — sramst XKL

§=38,mei={1,2,3}, (1
e S, — dTal NPOEKTUPOBAHHS; S, — STAIl CTPOMTENb-
CTBA; S, — JTall IKCILTYaTalluN.
2. U3mepenne 2 G — rpynnsl OpraHu3allioHHO-
TEXHOJIOTMUECKUX PEIICHNH BHYTPH JTara:

G:ZGj;j:{1,2,3...n}. )

Hymepanus meporipusiTuii Ha3Ha4aeTCsi CKBO3HOM,

IJle IEPBBIA HHJIEKC — MOPSIKOBBIM HOMED S, U narnee,

MOPSKOBBIN HOMEp TPYIITBI U MOATPYIIEl PEIICHHUS.

Mepornpusitust GopMHUPYIOT 0a3y JaHHBIX JUIS yIIPaBIIC-
Hust KL MHOTO(YHKITMOHATTBHOTO 0OBEKTA.

3. Uzmepenue 3 K — paccMaTprBaeMble CKBO3HBIE

MIPOIIECCHI, 00ecIIeunBaroNIre YPPEKTUBHOCTD YIIpaBIIe-
Hust XKL MHOTO(YHKIIMOHAILHOTO 00bEKTa:

K=%K;n=1{1,2,3,4}, 3)
rae K, — ynpaBieHHE NOTPEOUTETHCKHM CIIPOCOM:
koMiuieke OTP B oOnactu amanranuy IUIOMALEH 3a-
HHUS TIOJ TIOTPEOUTENLCKUM CIpoc; K, — ympaBieHue
MaTepUalbHBIMU MTOTOKaMH pecypcamu: komiuieke OTP
M0 TJIAaHUPOBAHUIO, 3aKYyTIKE, JOTUCTUKE, KOHTPOIIO
W YTHIN3alUKM BCeX (PU3MUYECKUX MaTepHajioB, HEOO-
XOIMMBIX T PEATU3alUK NPoekTa; K, — mupposoe
yIpaBlIeHHE U KOHTPOJIb: CO3JaHME eIMHOH, Helpe-
PBIBHOU ITU(POBOI CpeIbl HA OCHOBE JaHHBIX, KOTOPAs
o0ecrieunBaeT MPO3PaYHOCTh, MPOTHO3ZUPYEMOCTh U OII-
THMAaJIbHOE NPUHATHE PEIEHNH Ha Beex aTanax; K, —
ynpaBiieHHEe 0€30MaCHOCTBIO: IENOCTHAs, CHCTEMHas
U TPOAKTHBHAs MMPAKTHKA, AHTCTPUPOBAHHASI HA BCEX
stanax JKLI, HanpaBiieHHas HA MUHUMU3ALMIO PUCKOB
n obecrieueHne ONaromnoyyus Ui BCEX Y4aCTHHKOB,
B3aNMOJICHCTBYIOIINX C OOBEKTOM.

1234

Takum 00pa3oM, B KaueCTBE 00BEKTA UCCIICIOBAHUS
HMEEeM YeTKYIO0 TPEXMEPHYIO CTPYKTYPY JAQHHBIX B BUIIE
Matpunbl M (smanet S X epynnet pewenuti G X ckg03-
Hole npoyeccel K). 3anaua vcciejoBaHus — pa3padoTka
1 000CHOBaHUE IPHUKIIAHOTO HHCTPYMEHTA JUIsl TIPHHSI-
Tust perieHnit o Beidopy OTP, onpenenstormx s hex-
TUBHOCTD ynpasienus XKL Ha BceMm ero npoTskeHuw,
1 HY>KHO BBIOpaTh ONTUMAJIbHBIA HA00P MEpONPHSTHIA
TIO 33JJaHHBIM KPUTEPHSIM.

B Xone uccienoBanusi B KauecTBe KpUTEPHUEB d(-
(bexTuBHOCTH E OnpeiesieHbl YeThIPE MapamMeTpa:

E=%C,RF,T), @)
rae C (Cost) — CTOMMOCTH pean3aIiiii MepOTPHUTHH,
neHexnble ennHunbl; R (Reliability) — Hage:xHOCTB,
Kak BKJIaJ B OOIIYIO HAJIS)KHOCTh CUCTEMBI, JIOJIs, 3Ha-
YEHHUE OTpeAeIIIeTCS JINMUTHPYIONUM 3HAYCHHEM.
IleneBoii moka3arens HaAECKHOCTH HA3HAYAETCS HE Me-
Hee TUMHuTHpYomiero nokasarenst; F (Functionality) —
(DYyHKIIMOHAIEHOCTB, KaK CTENICHb BBITTOJIHEHUSI IIEJIEBBIX
¢ynkimid, nonst; T (Technology) — TeXHONIOTHYHOCTD,
KaK ypOBEHb BHEJPEHHbBIX TEXHOJIOTHH, JIOIS.

OHH SABJISIOTCS €ANHBIMHA ISl OLIEHKN MPOEKTHBIX
penrenuii Ha KakaoM u3 starnos (JKLI). Ouenka a¢hpex-
TUBHOCTHU CKBO3HOTO ITPOIIECCa IMPOBOIUTCSI HA OCHOBE
aHaJiM3a 3HAYEeHHs] UTOTOBOIO MHTErPAILHOIO ITOKa3are-
JISl ¥ CPAaBHEHUSI MX 3HAYEHMS JUISl PA3JINYHbIX CLCHAPH-
eB ynpasienus. OH pacCUMTBHIBACTCS B BUIE UTOTOBOTO
BEKTOpa oLeHKH Habopa pemenuit (Project Evaluation
Vector — PEV):

PEV=f(C,R,F,T). 5)

INopsiok uccenoBaHys MPEACTABICH B BUE YEThI-
PEXILIAroBOi MPOLEAYPBI, LIEIBI0 KOTOPOH SIBJISIETCS pa3pa-
00TKa MHCTPYMEHTA YIPaBJICHNS CKBO3HBIMH ITPOLIECCaMU
Ha niporspkeHun KL MEHOroyHKIMOHAIEHOTO 00BEKTA,
ocHoBaHHOTO Ha cucteme npunsaTust OTP, obecrieunsato-
VX 33JaHHBIC TTapaMeTpsl AP HEKTHBHOCTH (pHC. 2).

[lepBble Tpu O110Ka HEOOXOAMMBI JUISI MOAEINPOBA-
HU nIporniecca ynpasieHus XKL MHOroQyHKIIMOHAIBHO-
ro 00beKTa CTPOUTEIHCTBA HA OCHOBE pa3pabOTaHHON
6a3bl naHHBIX (puc. 3). UeTBepTHId OJOK MOJETH OTmpe-
JeTsIeT IPUHATHE 000CHOBAHHBIX PEIICHUI W BO3MOXK-
HOCTH THOKOTO yIIPABICHUSI )KU3HEHHBIM [IUKJIOM.

bnok 1. ®opmuposanue 6a3bl qanasix OTP npen-
CTaBJIsAeT cOOOM MCXOMHBIE CBEICHUS AJIS YIPaBICHUS
JKIT MHOTOQYHKIIMOHAJIEHOTO 00BEKTa CTPOUTENIHCTBA.
baza manuwx (puc. 4) — 3T0 reHepagbHask COBOKYTI-
HOCTb BCEX OPraHU3allMOHHO-TEXHOJIIOTHYECKHUX pellie-
HUH, KOTOpbIE MOTYT OBITh PEaN30BaHbI IJIsl KaXKIA0TO
13 PacCMaTPUBAEMBIX CKBO3HBIX MPOLIECCOB YIIPABICHUS
JKII. Mojenb OIleHKH ONpeNieNiIeTcsl KaK TpexMepHas
cTpykTypa naHaeix M [S, G, K|. Kaxnas 3ammcek 6a3sl
JTAHHBIX IIPEJICTABISIET COOOM pelIeHNe X, OIMCHIBAEMOE
COBOKYIMHOCTBIO MOJICH:

1) oTan >KU3HEHHOTO MUKIA S;

2) TpymIa pemeHnit Gj;

3) obecrnieunBacMBIl CKBO3HOI ITpOIIeCC Kn.
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boxk 1
®DopmupoBanue 6a3bl
JAHHBIX OpraHU3aI[MOHHO-
TEXHOJIOTUYECKUX
pEICHUH, 00€CIIeUNBAFOIIIX
CKBO3HBIC IIPOIIECCHI
ynpasnenus KL MOC
Block 1
Formation of a database
of organizational and techno-
logical solutions that provide
end-to-end processes for
managing the life cycle
of a multifunctional object

brnoxk 2
MopenupoBaHue
npolecca BeiOopa

OpraHM3alHOHHO-
TEXHOJIOTUYECKUX
pelieHui
Block 2

Simulation
of the process of
selecting
organizational
and technological
solutions

Brnoxk 3
MonenupoBanue
nporecca OLeHKH

Pa3JINYHBIX CIICHAPHUECB
M0 KPUTEPHUSIM
3¢ deKkTUBHOCTH
Block 3
Simulation
of the process of
evaluating various
scenarios based
on efficiency
criteria

B

bI0Op CLIeHapHs
s¢dexTuBHOTO
yNpaBlIeHUs
KU3HCHHBIM
LUKJIOM MHOTO-
(hyHKIMOHATIBEHOTO
o0BeKTa
Selection of
an effective
scenario
for managing
the life cycle
of a multi-
functional object

Puc. 2. Moaenuposanue npouecca 3pGEeKTHBHOTO yHpaBiIeHHs )KU3HEHHBIM LIUKJIOM Ha OCHOBE OLIGHKH OpPTraHU3allMOHHO-

TEXHOJIOTUUECKHX PEIISHNI P peanu3aluy CKBO3HbIX MTPOLECCOB

Fig. 2. Modelling the process of effective life cycle management based on the assessment of organizational and technological

solutions in the implementation of end-to-end processes
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Initial data

Bekrop pemenuii X(i, j, n)

Solution vector X(i, j, n)

Block 2. Organization and technological solutions choice

Y
0K 2. BbI0Op OpraHM3alMOHHO-TEXHONOTHYECKUX PELICHHI]

Briok 3. CkBO3Has OLIEHKa OPraHH3aLMOHHO-TEXHONOTMUECKHX PELICHHI

HHrerpupoBaHHbIii okasaress oneHku PEV
Block 3. End-to-end evaluation of organization and technological solutions
Integral evaluation parameter PEV

J

Puc. 3. CtpykTypa 6a3b! JaHHBIX

Fig. 3. Database structure
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A.l. Xpabpoe

bnox 2. Moaenupoanue mnporecca Beioopa OTP,
OCHOBAaHHOE Ha MAaTPHUYHOM HMHCTPYMEHTE 00paboTKH
0a3bl JAHHBIX.

Ha manHOM 3Tamne npoBOANTCS MOACTHUPOBAHHE Pa3-
JTUYHBIX cieHapues ynpasienus YK mHorodyHkImo-
HaJILHOTO 00BbEKTa MyTeM BhIOOpA Pa3IMYHbIX COYeTa-
Huit OTP. DnemMeHTOM MaTpPHUIIBI SBISETCS KOHKPETHOE
pemenue X, nmeroriee Habop arpudyToB (i, 7, n):

XTi,j,n] =10, 1}, (6)

rie 0 — pemenue He BbIOpaHo; | — perieHne BbIOpaHo
JUISL peaIn3aliii.

Pesynprarom srarna craya Tabnuia ¢ HabopoMm HIIn
Habopamu OTP jy1st paccmarpuBaeMbIX CLIEHAPUEB YIIPaB-
nenust )KL B Buze cronOna JaHHbIX C HEHYJIEBBIMH 3Ha4e-
HusiMu X (puc. 5).

KonnuectBo HaOOpOB pelIeHuit orpenessieTcst HKC-
TIEPTHBIM ITyTEM B IIPOLIECCE PAa3pabOTKH MOIUTHKH yIPaB-
nerns XK1,

brok 3. MonenupoBaHue mpoiiecca OLeHKU pas3-
JUYHBIX CLIEHAPHEB MO KPHUTEPHUSIM 3P(PEKTUBHOCTH
B 3aBHCHUMOCTH OT NOCTaBJICHHBIX IEJIEBBIX ITOKa3are-
JIeld cTparernueckoro Iianuposanus. O0padoTka Kax-
JIOTO PeIleHyst 1o 3a1aHHbiM kputepusam £ (C, R, F, T)
TI03BOJISIET MTPOBOANTH CKBO3HYIO OIEHKY 110 KaXKJOMY
13 KPUTEPHEB U UX COBOKYITHOCTH.

broxk 2
Bri60p opraHu3aoHHo-
TEXHOJIOTMYECKUN
perieHui
Block 2
The choice of
organizational and
technological solutions

4

CBepTKa MaTpHIIbI IS
CIICHApHUS
BbIOOpa HAabopa pemeHui
¢ uHACKCOM |
Convolution of the matrix
for the scenario
of choosing a set of
solutions with index 1

X (@, n)
x (i, /, n)

Puc. 5. Bei6op opraHu3aiimOHHO-TEXHOJIOTUICCKUX PEIICHUI
(bnok 2)

Fig. 5. The choice of organizational and technological solutions
(Block 2)
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ITo xpureputo croumoctu C 3ajaercs JEHEKHas
eAMHNIIA U3MEPEHUs, I KPUTEPUEB HAJCKHOCTH R,
(hyHKIIMOHAJIBHOCTH F U TEXHOJIOTHMYHOCTH T KaKaoe
petuenne X UMeET BeC, W B Hanpasnenuu £ [i, j, n] B iu-
arrazone ot 0 70 1.

Jns ouenku npopaboTKK BRIOpaHHOTO Habopa £
(hopmupyem Bekrop PE:

PE=3S,- 3G, (X[i.j,n] - wlij.n])..  (7)

Arperaiys OLCHOK BBIOpPAaHHOTO Habopa, rie x[i, /,
n] =1 1y CKBO3HOTO mporecca £ Onpesensercs pacye-
TOM UHTETPAILHOTO [TOKA3aTelIsl OLICHKU, KOTOPBIH BKITHO-
YaeT CIEAYIOLINe MapaMeTphl:

1. Cymmapmast croumocts (Total Cost — TC) pac-
CUHMTBIBACTCSI KaK IPOCTAsi CyMMa CTOMMOCTEH BBIOpaH-
HBIX PEIICHHH:

TC =S, 3G, - 3K, - (X[i.j. n] - Cli.j, n]).  (8)

2. Narerpanpraas Hane:xxHoCTh (Aggregate Reliabili-
ty — AR) paccuntsiBaeTcs Kak cpeHee apu(hMETHIECKOe
3HaYeHUE BEKTOpa:

AR _mean = (2(X[i, j, n] - R[i, ], n]))/N, )

rae X [i, j, n] — BbIOpaHHBIC PEIIEHHS ¢ HHACKCOM 1; R[i,
J, n] — 3aaHHBINA BeCc W HAJIS)KHOCTH PEIICHH, HE Me-
Hee [IEJICBOTO MTOKA3aTess HaJeKHOCTH JTUMHUTHPYIOIIETO
aneMeHTa; N — YrCIIO BBIOPAHHBIX PEIICHHI.

3. Unrerpanbhas QyHKIMOHATIBHOCTE (Aggregate
Functionality — AF) paccumntbiBaeTcst Kak HOpMaIH30-
BaHHBIH 110KA3aTesb CyMMapHOTO (DYHKIIOHAIBHOTO T10-
TEHIIMaIa Habopa PEIICHHIA:

AF norm = (X[i, J, n] - F[i,j, n]))/AF

e (10
rne X[i, j, n] — BbIOpaHHBIC pEIICHHs C UHJIEKCOM 1;
FTi, j, n] — 3apanublii Bec w (yHKIMOHAIEHOCTH pelle-
Hus; AF = — MaKCMMalbHO BO3MOXKHOE 3HadeHue AF
IIPU BBIOOpE BCEX MEPOIIPUSITHIA.

4. NnterpanpHas TEXHOJOTHUUHOCTH (Aggregate
Technology — AT) paccuuThiBaeTCst Kak CyMMapHBIH
TMOKa3aresb TEXHOJIOTUYECKOTO TOTeHINa a Habopa pe-
HIEHUI:

AT = (X[i, j, n] - 114, j, n]), (11)

rae X[i, j, n] — BbIOpaHHBIC pEIICHUS C MHJEKCOM |;
11i, j, n]— 3amaHHBIA BeC W (YHKIMOHAIBHOCTH PEILICHHS.
Jns hopMUpOBaHNSI HTOTOBOTO BEKTOpa OLICHKH Ha-
6opa pereHni He0OX0MMO HOPMAJIM30BaTh OLICHOYHbIE
3HAYEHMS JUIS IPUBEICHNS K SANHOMN CAMHULIE N3MEPEHHSL.
[TycTp s xaxmoro kpurepust O ONPEACICHO ETIEBOE
3HaueHue O ideal My MakcMMaJIbHO BO3MOJKHOE () max.
Jst ouenku cronmoct TC KpUTepUsMH SIBISIFOTCS
(1) ycnoBue cooTBETCTBUSI 3aTpaT JOCTYITHOMY OIO/KETY
Budget 1 (2) MUHMMaNBHBIC 3aTPATHI HA YIIPaBJICHHE:

N_TC = 1 — (TC/Budget), (12)

ecin TC < Budget, To 101 BCmons30BaHus OIOIKETa,
nHaue 0.

Jlis OLlEHKH HaJeXKHOCTH, (PyHKIMOHATBLHOCTH
Y TEXHOJIOTUYHOCTH KPUTEPHEM CITY)KHT YCIIOBUE JOCTH-
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ArperupoBaHHOC 3HaUCHHE
Aggregated value

Bec Bexropa B cucteMe OLEHKH W

The weight of the vector in the estimation system w

Hopmanu3oBaHHOE 3HAYEHHE
The normalized value

WuTerpuposanublii nokasarens oueHkn PEV

Integrated PEV assessment indicator

Puc. 6. CkBo3Has OI[eHKA OPraHU3AI[OHHO-TEXHOIOTHISCKUX PEIIeHNH B CTPYKType 0a3bl JAHHBIX IS OLIEHKH OpTaHU3aI[OHHO-

TexHoiornyeckux pemenuit (bmok 3)

Fig. 6. End-to-end evaluation of organizational and technological solutions in the database structure for evaluating organiza-

tional and technological solutions (Block 3)

JKCHUA LCJICBLIX MAaKCUMAJIbHBIX 3H3‘16HI/II71, 3aJaHHBbIX
CIICHApUEM YIIPAaBJIICHUS )KU3HCHHBIM ITUKJIOM:

N O =0/Q max — max. (13)

OOt MHTETPANBHBIHN ITOKa3aTelh OIICHKH CIICHA-
pHsL YIIpaBIICHHS 110 BEIOpAaHHOMY HaOOpy peIIeHuni pac-
CUUTHIBAETCS IO (popMyIIe:

PEV=f[N_TC,N AR, N AF,N AT].  (14)

Wroru pacueros orpaxatorcs B biioke 3 o01ieit 6azb
JIAHHBIX B BUJIE BEKTOPOB P, OICHOYHBIX 3HAYCHHIA, HOp-
MAJIM30BaHHBIX ¥ arperupOBaHHBIX 3HAYCHHIT MO KaXKII0-
MY M3 KPUTEPHEB OLICHKHU 1 B BUJIC OOLIET0 HHTEIPAJIbHO-
ro nokazarenst PEV (puc. 6).

HanpHelmmit BeIOOp creHapus 3¢ dexTuBHOTO
ympasnenust XKL MEHOTO(YHKIIHOHATEHOTO 00BEKTA OTIpe-
JeTseTCs METOIOM SKCIIEPTHOTO aHAIM3a Pe3yJbTaToB
OLICHKH.

PaspaboranHast 0a3a JaHHBIX MPEICTABISET CO-
00i1 MpakTHYECKUI MHCTPYMEHT JUIsl OLICHKH M BbIOOpa
creHapust a¢dexruBHoro ynpasienus JKL[ muorodyHk-
LIMOHAJILHOTO 00BEKTa CTPOUTENBCTBA, @ TAKKE THOKOTO
YIIPABIICHUS B IIPOIIECCE €T0 PeaT3aIHu.

PE3VYJIBTATHBI UCCJIEJOBAHUA

Anpobanus pe3y/IbTaToB HCCIICIOBAHMS BKITFOYAIA
paszpabotky 6a3b1 nanuabsx OTP, hopmupoBanue u oreH-

Ky Pa3iIMyYHBIX CTPATETMYECKUX CLIEHAPUEB YIIPABICHUS
K1 MHOTOGYHKIIHOHATEHOTO 00BEKTa Ha OCHOBE pas-
paboTaHHOTO HHCTPYMEHTA OIICHKH KPUTEPHEB P eK-
TUBHOCTH.

Brnok 1 6a3bl JaHHBIX MPEACTABISET COOOM KaTaior
OpraHU3aIMOHHO-TEXHOJIOTUYECKUX pelieHuit X ¢ koop-
JMHATaMH i, j, n. B Tabn. 2 mpencrasieHa cyxarasi BepcHs
0a3bl JaHHBIX, KOTOpasi BKIIFOYACT HH(OPMAIIHIO I10 TIPH-
HaanekHOCTH koHKpeTHoro OTP X stamy >xn3HeHHO-
ro nukia S u rpymmne meponpustuii G. B komoHkax
0 CKBO3HBIM Tpoleccam K 0003Ha4€eHO KOJIUYECTBO
pemenuii X, BHECEHHBIX B 0a3y. B HacTosmee BpeMs
0a3a MaHHBIX HacUUTHIBAaCT 479 3amuceil 1 MOXKeET ObITh
HEOTpaHUYEHHO paclIvpeHa.

Ha cremyromem stame paccMaTpuBaIniCh TPH CIIe-
Hapus ynpasieHus YKL MHOrOQYHKIIMOHAIBHOTO 00b-
€KTa CTPOUTEIhCTRA:

Cyenapuii 1 ¢pparmenrapusiii, Beioop OTP B mu-
HUMAJIbHBIX 00beMax 0e3 MPUBS3KU K CKBO3HBIM TIPO-
neccam. lleneBoil nokasarenb — MUHUMAaJbHas CTOM-
MOCTb MPOEKTA.

Cyenapuii 2 MTHTETPUPOBAHHBIN, peain3aIis opra-
HU3AIMOHHO-TEXHOJIOTHUECKUX MEPOIPUITHI B paMKax
oramnoB. LleneBbie MokazaTenn — MHUHUMAJIbHAsL CTOU-
MOCTPH Ka)KJIOTO dTara IpHu 3aJaHHBIX apaMeTpax Ha-
JISKHOCTH, TEXHOJIOTUYHOCTH, (PYHKIIMOHATLHOCTH.

Cyenapuii 3 CKBO3HOM, BEIOOD pEIIEHUI B3aUMOY-
BSI3aH OT dTala K 3Tary Ha OCHOBE €IMHON IU(ppOBOH
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YrpaBAeHUe XU3HEHHBIM LIMKAOM MHOIOQYHKLMOHaAbHbIX 06bEKTOB

C. 1229-1249

CTPOUTEABCTBaG Ha OCHOBE MOAEAU CKBO3HbIX MpoLieCcCoB

Ta6u. 4. Pesynbrarsl oLieHKH Kputepues 3GGEKTHBHOCTH OPraHN3alMOHHO-TEXHOJIOTHUECKUX PELICHUI P YIIPABICHUH

CKBO3HBIMU IIpoLECCaMU

Table 4. Results of evaluation of criteria for the effectiveness of organizational and technological solutions in the management

of end-to-end processes

Kpurepuii onenkn Hopmanu3zoBanHblil BUA KpUTEPUS OLEHKU
Evaluation criterion LeneBoii kpuTepuii/hakTHUECKOE pacueTHOE 3HAUCHHE
Normalized type of evaluation criterion
Target criterion/actual calculated value parameter
[Tapamerp Enununa VYcnosue Cuenapuii 1 | Cuenaputii 2 | Cuenapuii 3
Parameter U3MEpeHUs Condition Scenario 1 | Scenario 2 | Scenario 3
Unit

CroumocTh Hen. en. | % Oromkera o o 0

Cost e Money % of the budget 100/112 % | 100/180 % | 100/165 %

Hanexuocts Tons 3HaueHUEe He MEHEee JUMUTHOTO

Reliability AR Ratio The value is not less than the limit 0,5/0,48 0,75/0,79 0,9/0,95
‘ value

DYHKIIMOHAJIBHOCTh Tons 3HaueHHE HE MEHEE LEJICBOTO

Functionality AF Ratio The value is not less than the limit 0,6/0,73 0,75/0,87 0,9/0,92

value

TexHOIOrnyHOCTh Tons 3HaueHUE HE MEHee LeJIEBOro

Adaptability AT Ratio The value is not less than the limit 0,6/0,62 0,75/0,81 0,9/0,98
‘ value

Murerpanbhblit

nokasaresh pev| Aom - 0,61 0,823 0,93

L Ratio
Integral indicator

mtatopmel. L{eneBrie moka3aren — OaTaHCOBBIC 3Ha-
YEeHUS MEXKJTy CTOMMOCTEIO, HaJIOKHOCTHIO, TEXHOIOTHY-
HOCTBIO U (PYHKIIMOHATEHOCTBIO.

s xaskmoro crieHapus cpopMHUpOBaH CTPYKTYPH-
POBaHHBII CIIMCOK OPTraHU3AMOHHO-TEXHOIOTHYECKIX
pemienuii ¢ puisTpamu 1o i (3Tam), j (rpymma), 7 (CKBo3-
HOMH TIporiecc).

Jlist neneit uccnenoBaHus 3a/1aHbl CIIEAYIOIUE KpU-
TEPUH OIICHKH:

* MHOTO(YHKITHOHAJIBHBIH 00BEKT CTPOUTEIHCTBA
miommaznso 20 000 m?;

* OIOIDKET — EAMHBIN [T BCEX BAPUAHTOB U3 pac-
yeta 150 ThiC. py0. HA M? (CpeHsIs [IEHa CTPOMTEIHCTBA
B Mockse Ha 2025 1);

¢ HaJCKHOCTbD, (byHKHI/IOHaI[BHOCTI) U TEXHOJIOINY-
Hoctb OTP: mis cuenapust 1 — 0,5, anst cuenapus 2 —
0,75, nnst cuenapust 3 — 0,9.

B 1a6i1. 3 npeacraBieHO KPaTKOe OIMKMCAHKUE pele-
HU, MPUHIMACMBIX Ha KaX0M U3 3tanoB XKL as Tpex
CIICHAPUCB.

HanbHelimas 00paboTka BEKTOpoB P, U3 3HaYEHHH
aTpUOyTOB VIS KAXKJOTO PEIICHHS OTPAXKACT TCKYIIIHE
3HAYCHUS KPUTCPHUEB, TIPOLICHT UCIIOIB30BAHUS OFOIKE-
Ta JUTS TOKA3aTe)Is CTOMMOCTH M HOPMAaJIM30BaHHBIN BUJT
arpernpoBaHHBIX 3HAYCHHUN HAJICKHOCTH, (DYHKIIMOHAITh-
Hoctu U TexHonormuHocTH (TC, AR, AF, AT). Pe3yib-
TaThI OLICHKU KpUTEpUEB 3(P(PEKTUBHOCTH OpraHU3aIu-
OHHO-TEXHOJIOTHUCCKUX PEUICHUH MpPU yIpaBICHUH
CKBO3HBIMH TIPOIIECCAMU IIPUBEICHBI B Ta0MI. 4.

EnuHCTBEeHHBIM TPEUMYIIECTBOM (hpacmenmap-
HO20 cyeHapus | SBISIETCS CTOUMOCTB €T0 pealTn3allii

TIPY HU3KUX 3HAYCHUSAX KPUTCPUCB HAICKHOCTH, (PyHK-
[IHOHATTFHOCTHU U TeXHONIOrnIHoCcTH. CrieHapuii 1 He co-
OTBETCTBYET CIIO)KHOCTH W COITMAIBHON 3HAYMMOCTH
MHOTO()YHKIIHOHAJIEHOTO 00BbeKTa. [IpuemiieM TOIbKO
JUTSA TIPOCTBHIX OOBEKTOB ¢ MUHIMAJIbHBIMH TPeOOBaHH-
sMu. [ MHOTO()YHKITHOHATBHBIX 00BEKTOB HECET BHI-
COKHE PHCKHU U TIOTEHINATFHBIC YOBITKH B IEPCIICKTUBE.

Cyenaputi 2 WHTETPUPOBAHHBIA OOecliedMBaeT
MpUEeMIIEMOE YIIPABICHHUE 10 OTACIBHBIM acCHeKTaM,
HO He JaeT cuHeprerndeckoro 3dgdexra. OH obmagaet
Haurbosee BHICOKOW CTOMMOCTBIO 32 CHET NPUMEHEHHUs
TEXHOJIOTUYHBIX pemeHm‘/'I, HE CBA3aHHBIX CKBO3HBIMH
MpoleccaMu, YTO MPUBOIUT K ynopoxkanuto XKL B 1e-
JIOM, a TaK)Ke CPEeJHHMH I10Ka3aTeNsIMU HaeKHOCTH,
(DYHKIIMOHAIBHOCTH ¥ TEXHOJIOTUYHOCTH. MOXKET OBITh
BBIOpaH MMpH OTPaHUYEHHOM OIOJDKETE U YETKHX, HEH3-
MCHHBIX TPEOOBAHUIX HA BECh CPOK CITY)KObI 00BEKTA.

Cyenapuii 3 CKBO3HOI HanOOJIeE MOAXONT JUTS YIIPaB-
JIeHUsI MHOTO(YHKIMOHATIEHBIMU 00bekTaMu. OH 103BOJIsI-
eT YIPaBJSITh OOBEKTOM KaK SMHOM CIIOKHOI CHCTEMOI,
a/IaNTHPOBATHCS K N3MEHSIOIINMCS COLIMAIBHBIM U PbI-
HOYHBIM YCIIOBHUSIM, 00€CTIeUrBaTh OE301aCHOCTh Ha IPHH-
IMIAAJIEHO HOBOM YPOBHE, MAKCUMHU3UPOBATH dP(HEKTHB-
HOCTB HCIIOJIb30BAHMSI M KOMMEpYecKyto otrnady. CreHapuit
XapaKTepHU3yeTCsi CPeIHEl CTOMMOCTBIO, HIJKE, YEM B CIIe-
HapHH 2 3a CYeT IIPUMEHEHNSI CKBO3HBIX TEXHOJIOTHH, 00ec-
MEYUBAIOUIUX SKOHOMUIO nopsiaka 30 % Ha MpoTsHKEHUH
peammarmn K1, a Takke MaKCHMAITBHBIME TTOKa3aTeISIMA
HaJIeKHOCTH, (DYHKIIMOHATEHOCTH M TEXHOIIOTUIHOCTH.

B Tabn. 5 orpaskeHB! 00MIMe BHIBOAKI IO OICHKE
Pa3ITUYHBIX CIICHAPHEB C TOUKHU 3PCHUS TOCTIKCHUS 11e-
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A.l. Xpabpoe

Taéu. 5. Ouenka 3pGEKTUBHOCTH CKBO3HBIX MIPOLECCOB, PEATM3yEMbIX IIPH YIIPABICHHHN KU3HSHHBIM LIUKIIOM MHOTO(DYHKIIH-

OHAJILHOTO 0OBEKTA CTPOUTEJILCTBA

Table 5. Evaluation of the effectiveness of end-to-end processes implemented in managing the life cycle of a multifunctional

construction facility

CKBO3HOH Tporecc ®OparmeHTapHBII WuTerpupoBaHHbIit CkBO3HOH cueHapuii 3
End-to-end process cuenapuit 1 crieHapui 2 End-to-end scenario 3
Fragmentary scenario 1 Integrated scenario 2
VYrpasieHue noTpeOUTENIECKIM CIPOCOM
P P P 2/10 6/10 9/10
Consumer demand management
VnpasieHue MaTepuaIbHBIMK ITOTOKAMU
U pecypcamu
Peeyp o 3/10 7/10 10/10
Management of material flows and
resources
[udposoe ynpasieHue 1 KOHTPOJIb
Digital management and control 4/10 8/10 9/10
VnpasieHue 6e301MacHOCTBIO
Security management 4/10 7/10 9/10
Onenka 3()(eKTUBHOCTH Huskas Jocrarounas MaxkcumanpsHast
Efficiency rating Low Sufficient Maximum

JIEBBIX KPUTEPHEB, & TAKKE OOIINH BHIBOJ] O CTEHEHH (-
(hDeKTUBHOCTH MPUMEHEHUSI CLICHAPUS TIPH yTIPABICHUN
JKM3HEHHBIM IHKIIOM.

OOnacTb MPUMEHEHUsI HHCTPYMEHTA OLICHKU Opra-
HHM3AIMOHHO-TEXHOIOTUYECKUX PEIICHUH TS PA3ITMIHBIX
CIIEHApUEB YIPABIICHNS KM3HEHHBIM IINKJIOM MTO3BOJISIET
TIPHHUMATB PSiJT yIIPABICHISCKUX PEIICHNH 1 PeaTn30BbI-
Bath THOKoe ynpasienne XKL MHOTOGYHKIIMOHAITEHOTO
00BEKTA 1 OTIEPATUBHO PEIIATh CIIETYIOIINE 33/1a4H:

* obecrieueHne EMOCTHON KapTHHBI 3aTpaT Ha pe-
QIN3ALHIO CLIEHAPUS YIIPABICHUS )KU3HEHHBIM LIUKIIOM;

* ONTHMH3ALUS W aHAIU3 MPOLECCOB Ha OCHOBE
TEXHOJIOTHH «4T0, ecnm» (What-if analysis) mpu nzme-
HEHUH 1IEJICBBIX 3HAYCHUH KpUTEpHEB 3P PEKTHBHOCTH;

* pa3paboTka peKOMEHIALNH 1O YITyUIIEHHIO YCIIO-
BUI peanuzanuu perieHuit Ha stanax XK1 myrem BbIsB-
JIeHUsI 1 000CHOBAaHHON KOPPEKTUPOBKU COCTaBA Pellie-
HUH C LEIBIO TTOBBIMIEHHS S(QEKTUBHOCTH yIIPABICHUSL.

JanmpHelmuid BEIOOp S(PPEKTUBHOTO PEIICHUS Jie-
JKUT B 00JIaCTH CpaBHEHMS 3aTpar Ha cojeprkanue K1
1 IPHOBLIM OT PeaTM3alliy MPOEKTA U OTHOCUTCS K 1AJTh-
HEUIIIMM HarpaBJICHUSIM HUCCIIEIOBAHMI.

SJAKJIIOYUEHUE U OBCYXJAEHUE

[IpoBenenHoe Mccnego0BaHNE OCOOEHHOCTEN pea-
JIM3aIMHU TIPOCKTOB CTPOUTENHCTBA MHOTO(YHKIIOHAITb-
HBIX OOBEKTOB MO3BOJIMIIO BBIJIEIUTH YETHIPE CKBO3ZHBIX
Tporiecca, onpenessFonmx 3GeKTHBHOCT YIPaBICHHS
JKU3HEHHBIM IMKJIOM. PazpaboTanHas cTpykTypa 0a3bl
JTAaHHBIX OPTraHN3allMOHHO-TEXHOJIOTNIECKUX PEIICHNH,
peann3yeMbIX CKBO3HBIM XapaKTepOM Ha KaXJJOM JTare
KL, 1aeT BO3MOXKHOCTB CO3/1aTh CHCTEMY OIICHKH pa3-
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JMYHBIX CHEHAPUEB YIPABICHHUS, OTPECICHHbBIX Ha0O0-
POM BBIOPAHHBIX PEIICHUH.

WHcTpyMeHT onieHKH 3P (EKTHBHOCTH pa3iInyHbIX
cueHapues ynpasineHus )KL ocHOBaH Ha MHOTOKpuUTe-
PHAIbHOM aHAIN3e KPUTEPHEB CTOMMOCTH, HAZIEKHOCTH,
TEXHOJOTMYHOCTH U (QyHKIMOHAIBHOCTH. MeToxa Ma-
TpUIHOTO (hOpMaTH3Ma 33/1aHHS OLIEHOYHBIX 3HAYCHUH
1 UX 00pabOTKH MO3BOJISIET PEATU30BBIBATH PA3IMUHbIC
UTEpalMU [0 COBEPIICHCTBOBAHUIO CUCTEMBI YIIPABIIE-
HUS B IOCTOSSHHOM PEXHME.

OO0nacTh IPUMEHEHUsI HHCTPYMEHTA OLIEHKH Jie-
JKHUT B TIOCTAHOBKE 3a/1a4M ONTHMH3ALMHA CTOMMOCTHBIX
U TEXHUYECKUX XaPAKTEPUCTUK CIICHAPUs YIPaBICHUS
KLl MHOTOdYHKIIMOHATBHOTO 00beKkTa. ONTHMATBHBIN
BBIOOpP TEXHOJIOTHI, MaTepHUajIoB W IIAHMPOBOYHBIX
pelIeHni JaeT BO3MOKHOCTb CHU3UTh 3aTPaThl HA CTPO-
UTEIBCTBO U IKCILTYaTalHI0, IOBBICUTH J0JTOBEYHOCTh
1 KOM(OPTHOCTH 3MaHUM.

JanbHeiimas pa3paboTka TeMbI HCCIISIOBAHUS Jie-
JKUT B HAIPaBJIEHUU CO3[aHMsI IPOTPAMMHOTO MOYJIS
B COCTaBE CHCTEM YIIPABICHUS IPOESKTAMH MHOTO(YHK-
[MOHAJIBHBIX OOBEKTOB CTPOUTEIILCTBA, KOTOPbIi T03BO-
JIUT TIEPEBOJUTH KAY€CTBEHHOE YIIPABJICHHE BHIOOPOM
OTP B mIIOCKOCTH KOIMYECTBEHHOTO aHAJM3a, ITOIep-
JKMBasi IPUHSATHE 000CHOBAHHBIX PEIICHUH Ha BCEX Ta-
nax KU3HEHHOTO UK.

Takum 06pa3oM, pe3ynbTaThl HCCIIEI0BaHUS HAaXO0-
JUITCS B 00J1aCTH Pa3BUTHSI HAyYHO-00OCHOBAHHBIX 110/
XOJIOB K CKBO3HOMY IIJIAHUPOBAHHIO YIPABICHUS KH3-
HEHHBIM LMKJIOM MHOTO(YHKIMOHAIBHBIX OOBEKTOB,
41O Oy/IEeT CIIOCOOCTBOBAThH MOBBIIICHHIO Ka4ecTBa ro-
POJICKOTO CTPOUTEIBCTBA B IOJITOCPOYHOM MEPCIIEKTHBE.



YrpaBAeHUe XU3HEHHBIM LIMKAOM MHOIOQYHKLMOHaAbHbIX 06bEKTOB

C. 1229-1249

CTPOUTEABCTBaG Ha OCHOBE MOAEAU CKBO3HbIX MpoLieCcCoB

CIIMCOK UCTOYHHUKOB

1. Aghaloo K., Sharifi A. Balancing priorities for
a sustainable future in cities: Land use change and urban
ecosystem service dynamics // Journal of Environmental
Management. 2025. Vol. 382. P. 125460. DOI: 10.1016/
jjenvman.2025.125460. EDN YBUUUZ.

2. Hsu Y.Y., Han H. Volumetric landscape: The mix
characteristics and co-agglomeration of 3D space use
in compact cities // Landscape and Urban Planning.
2026. Vol. 266. P. 105536. DOI: 10.1016/j.landurbplan.
2025.105536. EDN ERMVSP.

3. Ma Ju., Shibuya Yu., Pang Ya., Omata H., Seki-
moto Y. A cost-and-effect simulation model for compact
city approaches: A case study in Japan // Cities. 2024.
Vol. 152. P. 105212. DOI: 10.1016/j.cities.2024.105212.
EDN UMARPM.

4. Yussif A.M., Taiwo R., Shakor P., Han T., Mohan-
des S.R., Antwi-Afari M.F. et al. A comprehensive litera-
ture review on risk identification and assessment in green
building construction projects // Cleaner Engineering and
Technology. 2025. Vol. 29. P. 101089. DOI: 10.1016/
j-clet.2025.101089. EDN IVMUWX.

S. Wang T., Chen H.M. Integration of building
information modeling and project management in con-
struction project life cycle // Automation in Construction.
2023. Vol. 150. P. 104832. DOI: 10.1016/j.autcon.2023.
104832. EDN YVWODA.

6. Dai Sh. A state-of-the-art review of the life cy-
cle assessment of rammed earth building construction //
Energy and Buildings. 2026. Vol. 350. P. 116643. DOLI:
10.1016/j.enbuild.2025.116643. EDN DBSZMI.

7. Campo Gay I., Hvam L., Haug A., Huang G.Q.,
Larsson R. A digital tool for life cycle assessment in
construction projects / Developments in the Built En-
vironment. 2024. Vol. 20. P. 100535. DOI: 10.1016/
j.dibe.2024.100535. EDN OTZJOK.

8. Bibri S.E., Krogstie J., Kdrrholm M. Compact city
planning and development: Emerging practices and strate-
gies for achieving the goals of sustainability // Develop-
ments in the Built Environment. 2020. Vol. 4. P. 100021.
DOLI: 10.1016/j.dibe.2020.100021. EDN MMRVCA.

9. Duff C. The affective organisation of social infra-
structures // Social Science & Medicine. 2026. Vol. 390.
P. 118873. DOI: 10.1016/j.socscimed.2025.118873. EDN
JIZYJE.

10. Di Pietro A., Tofani A., Fuggini C., Solari C., Oli-
va G. An impact risk assessment methodology for
the evaluation of the economic, social and operational
resilience of critical infrastructures // International Journal
of Disaster Risk Reduction. 2026. Vol. 132. P. 105965.
DOI: 10.1016/.1jdrr.2025.105965. EDN WLEMKY.

11. Hoang V.H., Dong V.C., Tran T.M.T. Determi-
nants of transforming to a circular economy: Evidence
from a developing country // Sustainable Futures. 2026.
Vol. 11. P. 101665. DOI: 10.1016/.str.2026.101665

12. Abiodun O., Abadi M., Ejohwomu O., Manu P.
Transitioning to smart circular construction: A conceptual
framework for circular economy implementation through
Construction 4.0 technologies // Environmental Impact
Assessment Review. 2026. Vol. 118. P. 108260. DOI:
10.1016/j.eiar.2025.108260. EDN CTTCVH.

13. Aigbavboa C., Kissi E. Understanding digital
construction management // Digital Management of Con-
struction Costs. 2025. Pp. 27-38. DOI: 10.1016/b978-0-
443-23715-7.00003-2

14. Luo H., Lin L., Chen Ke., Antwi-Afari M.F.,
Chen L. Digital technology for quality management in
construction: A review and future research directions //
Developments in the Built Environment. 2022. Vol. 12.
P. 100087. DOI: 10.1016/j.dibe.2022.100087. EDN
XCZTSV.

15. Liew E.F.Y., Ong D.E.L., Peerun M.I. Mapping
the future of sustainable construction: Review on digitali-
sation and life cycle assessment trends in Asia-pacific //
Energy and Buildings. 2026. Vol. 350. P. 116547. DOLI:
10.1016/j.enbuild.2025.116547. EDN UFOEBK.

16. Khadim N., van Marrewijk A. Circles of profit:
A conceptual framework for economic and financial as-
pects in circular construction // Sustainable Production
and Consumption. 2025. Vol. 55. Pp. 444-457. DOI:
10.1016/j.spc.2025.03.007. EDN LLWTYO.

17. Avdiushchenko A., Meinrenken Ch.J. Circular
economy concepts for accelerating sustainable urban
transformation: The case of New York City // Cities.
2025. Vol. 166. P. 106223. DOI: 10.1016/j.cities.2025.
106223. EDN PKIRSZ.

18. T'uusoype A.B., Kasnepos I1.5. Bnusane me-
POMPHUSTHIA IO MOBBILICHHIO OPraHU3aIIMOHHO-TEXHOJIO-
THYCCKON HAJACKHOCTH Ha (DYHKIIMOHUPOBAHHUE CTPOH-
TETPHOW OPTaHM3AINH U TUTAHUPOBAHKE CTPOUTEIHCTBA //
Hayuno-texandeckuii BectHuk [ToBomxkbs. 2014. Ne 3.
C. 94-96. EDN SHVHSX.

19. Ibrahim A., Kineber A.F., Hassan A., Elsekni-
dy M., Elrifaee M., Alhusban M. Cyber technology in
construction projects: A pathway to efficiency and sustain-
ability // Results in Engineering. 2026. Vol. 29. P. 108615.
DOI: 10.1016/j.rineng.2025.108615. EDN AEAXKV.

20. Bepcmuna H.I'., Pvionos A.E. CoBpeMeHHBII
HOAXO0J K 00ECIEYESHUIO YCTOHYUBOTO Pa3BUTHS CTPO-
UTENBHBIX OPraHU3alHi Ha OCHOBE KOMIUICKCA YIPaB-
JICHYECKUX WHCTPYMEHTOB // DKOHOMUKA, MTPEATPUHU-
MaTenbeTBO 1 mpaBo. 2025. T. 15. Ne 11. C. 7225-7240.
DOI: 10.18334/epp.15.11.124321. EDN KOMZEI.

21. Tpowun A.C., Cmonaposa 3.B., Jlecosuk P.B.,
Ecunos C.M., Jlecosux I A. AHanmu3 CUCTEMBI yIIpaBIIe-
HHS PUCKaMU Ha Pa3INYHbIX CTaUSAX )KH3HEHHOTO [IUKIIa
CTPOHTEINBHBIX 00BbeKTOB // BecTHrK Benroposckoro ro-
CYIapCTBEHHOT'O TEXHOJIOTHYECKOIO YHUBEPCUTETA UM.
B.I'. lllyxoBa. 2025. Ne 11. C. 88-99. DOI: 10.34031/2071-
7318-2025-10-11-88-99. EDN DDHCWU.

1245

9Z0Z ‘L ONSS| "LZ 2WnNjo/ . 3In}08}IYdJy PUB UOI}ONJISUOD UO [BuInof AJYIUOI « NSSOIN MIUISOA
920z ‘L »oAuiag "Lz woL . (8Ulu0) 0099-70SZ NSSI (1uld) GE60-2661 NSSI » ADJIN d¥MHLODg



BectHuk MI'CY - ISSN 1997-0935 (Print) ISSN 2304-6600 (Online) « Tom 21. Beinyck 7, 2026

Vestnik MGSU - Monthly Journal on Construction and Architecture « Volume 21. Issue 7, 2026

A.ll. Xpabpoe

22. Osyunnurxos A.H., Boaxos A.A. Inpopmanu-
OHHOE MOJICJIMPOBAHKE /IS OLIEHKH Ha/IS)KHOCTH Opra-
HU3aIIMOHHO-TEXHOJIOTHYECKOH MTOCIIeI0BATEIFHOCTH
cTpoutenbeTBa // nHoBanuu v mHBecTUImn. 2019. No 1.
C.216-218. EDN DYWQBZ.

23. Tpasyw B.J. lndpoBbie TEXHOIOTHU B CTPO-
utenbcTBe // Academia. ApXUTEKTypa U CTPOUTEIBCTBO.
2018. Ne 3. C. 107-117. DOI: 10.22337/2077-9038-2018-
3-107-117. EDN VIBYXC.

24. Hleuna C.I., Muwenko B.A., Cepeees FO. /1.,
Msacuwes P.JO., Cepeeesa A.FO. Opranu3aliioHHO-TEX-
HOJIOTHYECKUE PEIICHUS MIPH BBITBICHAN B3aHMO3aBH-
CHUMOCTEH MEX]ly apaMeTpamH MOTOKa 1 ce0ecTOMMO-
CTBIO BBINOJHEHMS padoT // mkenepHsIit BecTHUK JloHa.
2025. Ne 2 (122). C. 738-748. EDN STEULY.

25. Dnomypsaee A.M. CoBpeMeHHBIE MOIXObI
K OpraHU3aI[MOHHO-TEXHOJIOTHICCKOMY MOIEINPOBa-
HUIO IIPOEKTUPOBAHMS 31aHUN U coopykeHwmii // Bect-
nuk KHMUM PAH. Cepusi: EcrecTBeHHBIE M TEXHUUECKHUE
Hayku. 2025. Ne 3 (22). C. 317-325. DOI: 10.69537/
VKNIIRAN.2025.22.3.024. EDN WSROHI.

26. Sun Yu., Zhou Z., Li Q., He H. A novel risk
assessment method for advanced and environmentally
friendly construction technologies integrating RBM and
I-OPA // Alexandria Engineering Journal. 2025. Vol. 113.
Pp. 648-660. DOI: 10.1016/j.2¢j.2024.11.059. EDN
NNHYKV.

27. Benyoic A.A. IKonoro-sKOHOMHUYECKast MOJIENb
JKU3HEHHOTO ITUKJIA 37]AHUS Ha OCHOBE KOHIICTIIIUH «3e-
JICHOTO» CTPOHTENHCTBA | aBTOPE(. JIUCC. ... KaHJI. TEXH.
Hayk. M., 2013. 24 c. EDN SVHDKP.

28. Pomanyos A.C. Onpenenenre MHOTO(pYHKIIHO-
HaJIbHOT'O KOMITJIEKCAa KOMMEPYECKOH HEIBUKUMOCTH //
W3zBectus FOro-3amagHOro Tocy1apcTBEHHOTO YHHUBEP-
curera. 2011. Ne 3 (36). C. 155-163. EDN NZFGSH.

29. 3saeunyesa A.B., Casonosa C.A., Kynvhesa B.B.
[TpuMeHeHue METO/10B YHCIECHHOI'O MOJICIMPOBAHHUS
JUTS OTIEHKH 0€30ITacHOCTH Ha 00BEKTaxX OOIIEeCTBEHHO-
ro HazHaueHus // MoJenupoBaHue CUCTEM M MPOLEeC-
coB. 2020. T. 13. Ne 3. C. 30-42. DOI: 10.12737/2219-
0767-2020-13-3-30-42. EDN JRBWFZ.

30. Hleuna C.I", Mupeopoockas E.O., Munenko E.H.
Amnanm3 0coOCHHOCTEH IPIMEHEHHS METO/[a OIIEHKH CTO-
MMOCTH KU3HEHHOTO IMKJIa 37aHuii B Poccuu u 3a py0Oe-
koM // CTpOUTEIIbCTBO M TEXHOTCHHAsI 0€30MaCHOCTb.
2015. Ne 1 (53). C. 76-80. EDN VMIWTR.

31. Bymosxa A.H., Kpemos /[.A., [lomanoe b.B.,
Powuna H.H. AHanuTH4IecKuii 0030p HOPMATHBHBIX
1 METOJJMYECKUX JIOKYMEHTOB B 00J1aCTH OLIEHKH CTOMMO-
CTH )KU3HEHHOTO ITUKJIa 00BEKTOB: Ha IIPUMEpe TPyOompo-
BOJIOB CETeH BOIOCHA0KEHUS M BOooTBeeH M // ['paso-
CTPOUTENBCTBO U apxutektypa. 2025. T. 15. Ne 3 (60).
C. 43-53. DOI: 10.17673/Vestnik.2025.03.06. EDN
GOHYEV.

32. Jlanuoyc A.A., Aoamyesuu JI.A. CrieHapHO-
OpPUEHTUPOBAHHOE ITPOEKTHUPOBAHNE OOBEKTOB CTPOH-
TEJIECTBA B MPOEKTaX KOMITICKCHOTO Pa3BUTHUS TEPPUTO-

1246

puii // Bectauk MI'CY. 2025. T. 20. Ne 8. C. 1278-1291.
DOI: 10.22227/1997-0935.2025.8.1278-1291. EDN
DADHEW.

33. Jlanuoyc A.A., Xumposa T.U., [L[yxun A.FO.
[TpumeneHne HHPOPMAITHIOHHBIX TEXHOJIOTHIA B CTPOH-
TeIbHOM KoHTpote // CTponTtenbHoe Mpor3BoACTBO. 2025.
Ne 1. C. 92-99. DOI: 10.54950/26585340 2025 1 92.
EDN GFPSEE.

34. Xpabpos A.Il. BnusHre IPOEKTHBIX PEIICHUA
MHOTO(YHKIIMOHAJIBHBIX TOPTOBBIX OOBEKTOB Ha YIIPaB-
JICHWE )KU3HEHHBIM [TUKJIOM // HeABUKMMOCTh: SKOHOMU-
Kka, ynpasnenue. 2024. Ne S3. C. 18-25. EDN ZCURWO.

35. Grabovyy P.G., Azhimov T.Z. Strategic directions
and development prospects of the construction industry in
Russia // Real Estate: Economics, Management. 2024. No. 2.
Pp.6-11. EDN LBZYLE.

36. I'pabosuvuit I1.I"., Boneun B.B., Kywenko U.B.,
Cesemun J1.E., Tkauenxo B.5. Texnonorust opranu3alnuu
TEPPUTOPUATBHO-TTPOCTPAHCTBEHHOTO OOHOBIICHHUS TO-
POZCKOI HEABMKMMOCTH, KOHIIEHTPALIUK U CIICIIUAITH-
3aIliH MTPOMBIILIEHHOTO MPOou3BoACTBa. M., 2024. EDN
MIWUIL

37. Jlanuoyc A.A., Aoamyesuu JI.A. CuieHapHO-
OPUEHTUPOBAHHOE MTPOSKTHPOBAHNE OOBEKTOB CTPOH-
TENbCTBA B IPOEKTAX KOMIUICKCHOTO PA3BUTHSI TEPPUTO-
puii // Bectauk MI'CY. 2025. T. 20. Ne 8. C. 1278-1291.
DOI: 10.22227/1997-0935.2025.8.1278-1291. EDN
DADHEW.

38. Volgin V.V. Risk management in the implemen-
tationof investment and construction projects // Real Es-
tate: Economics, Management. 2024. No. 2. Pp. 20-26.
EDN WPXGIR.

39. Pwibaxosa A.O. Metoauka pa3paOOTKH MH-
(hopMaIMOHHON MOJIETIM HAa OCHOBE MOJYJIBHBIX 3Jie-
MEHTOB MaKCHMaJbHOW ToToBHOCTH // CTpOUTEIND-
Hoe mpousBojcTBO. 2023. Ne 2. C. 99-101. DOI:
10.54950/26585340 2023 2 99. EDN UDIPTD.

40. Boakooas B.A., Boakooas H.A. PazpaboTka
CTPYKTYPBI M COCTaBa KJIaCCH(UKATOpa CTPOUTEILHON
nHpopMarnuu i npuMeHenuss BIM-texHonornit //
Bectauk MI'CY. 2020. T. 15. Ne 6. C. 867-906. DOI:
10.22227/1997-0935.2020.6.867-906. EDN RGQGTO.

41. Onapuna JI.A., bapsvieun E.A., Ozypyos B.A.,
Kapacw P.C. CoBMecTHOE TpUMEHEHHE TAKETHO-Y3JI0BOTO
METO/1a ¥ TEXHOJIOTH UCKYCCTBEHHOTO MHTEIUIEKTa B Ka-
JICH/IAPHO-CETEBOM IIJIAHMPOBAHUH CTPOUTEIIBHBIX TPO-
extoB // Bectauk MI'CY. 2026. T. 21. Ne 1. C. 107-121.
DOI: 10.22227/1997-0935.2026.1.107-121. EDN
IOMRAT.

42. Onapuna JI.A., bapsvieun E.A., [ puonesa A.A.,
Kacvsanenxo H.C. Vcnonb30BaHue UHCTPYMEHTa Oe-
PEKIMBOTO MTPOU3BOJICTBA B YIPABICHUN MTOCTaBKaMU
MarepuaIoB B TEUEHHE )KU3HEHHOT'O LIUKJIA CTPOUTEIb-
HoTO mpoekTa // Bectamk MI'CY. 2024. T. 19. Ne 5.
C. 826-835. DOI: 10.22227/1997-0935.2024.5.826-835.
EDN BEOAMF.



YrpaBAeHUe XU3HEHHBIM LIMKAOM MHOIOQYHKLMOHaAbHbIX 06bEKTOB

C. 1229-1249

CTPOUTEABCTBaG Ha OCHOBE MOAEAU CKBO3HbIX MpoLieCcCoB

Iocmynuna 6 pedaxyuro 29 ausapa 2026 e.
Ipunama e oopabomannom eude 31 mapma 2026 e.
Ooobpena ona nyoruxayuu 8 anpena 2026 a.

O ABTOPE: AuToH IlaBioBuu XpadpoB — acnupaHTt, CTapiinii mpernogasaress kadeapbl OpraHu3aiuy cTpo-

WTENILCTBA U YNPABIECHUS HEIBMKUMOCTHIO; HanmoHanbHbIH HcciaenoBaTe1bcKuii MOCKOBCKHUI rocy1apcTBeHHbI
crpouteabHblii yauepeutetr (HUY MI'CY); 129337, . Mocksa, Spocnasckoe mmocce, 1. 26; a.khrabrov@cckgroup.ru.

REFERENCES

1. Aghaloo K., Sharifi A. Balancing priorities for
a sustainable future in cities: Land use change and urban
ecosystem service dynamics. Journal of Environmental
Management. 2025; 382:125460. DOL: 10.1016/j.jenvman.
2025.125460. EDN YBUUUZ.

2. HsuY.Y., Han H. Volumetric landscape: The mix
characteristics and co-agglomeration of 3D space use in
compact cities. Landscape and Urban Planning. 2026;
266:105536. DOI: 10.1016/j.landurbplan.2025.105536.
EDN ERMVSP.

3. Ma Ju., Shibuya Yu., Pang Ya., Omata H., Se-
kimoto Y. A cost-and-effect simulation model for com-
pact city approaches: A case study in Japan. Cities. 2024;
152:105212. DOI: 10.1016/j.cities.2024.105212. EDN
UMARPM.

4. Yussif A.M., Taiwo R., Shakor P., Han T., Mo-
handes S.R., Antwi-Afari M.F. et al. A comprehensive
literature review on risk identification and assessment in
green building construction projects. Cleaner Engineer-
ing and Technology. 2025; 29:101089. DOI: 10.1016/
j-clet.2025.101089. EDN IVMUWX.

5. Wang T., Chen H.M. Integration of building in-
formation modeling and project management in construc-
tion project life cycle. Automation in Construction. 2023;
150:104832. DOI: 10.1016/j.autcon.2023.104832. EDN
YVWODA.

6. Dai Sh. A state-of-the-art review of the life cycle
assessment of rammed earth building construction. Ener-
gv and Buildings. 2026; 350:116643. DOI: 10.1016/
j-enbuild.2025.116643. EDN DBSZMI.

7. Campo Gay 1., Hvam L., Haug A., Huang G.Q.,
Larsson R. A digital tool for life cycle assessment in
construction projects. Developments in the Built Envi-
ronment. 2024; 20:100535. DOI: 10.1016/j.dibe.2024.
100535. EDN OTZJOK.

8. Bibri S.E., Krogstie J., Kdrrholm M. Compact
city planning and development: Emerging practices and
strategies for achieving the goals of sustainability. Devel-
opments in the Built Environment. 2020; 4:100021. DOLI:
10.1016/j.dibe.2020.100021. EDN MMRVCA.

9. Duff C. The affective organisation of social infra-
structures. Social Science & Medicine. 2026; 390:118873.
DOI: 10.1016/j.socscimed.2025.118873. EDN JJIZYJE.

10. DiPietro A., Tofani A., Fuggini C., Solari C., Oli-
va G. An impact risk assessment methodology for the eval-
uation of the economic, social and operational resilience

of critical infrastructures. International Journal of Di-
saster Risk Reduction. 2026; 132:105965. DOI: 10.1016/
j.1jdrr.2025.105965. EDN WLEMKY.

11. Hoang V.H., Dong V.C., Tran T.M.T. Determi-
nants of transforming to a circular economy: Evidence
from a developing country. Sustainable Futures. 2026;
11:101665. DOI: 10.1016/j.s{tr.2026.101665

12. Abiodun O., Abadi M., Ejohwomu O., Ma-
nu P. Transitioning to smart circular construction: A con-
ceptual framework for circular economy implementation
through Construction 4.0 technologies. Environmental
Impact Assessment Review. 2026; 118:108260. DOI:
10.1016/j.eiar.2025.108260. EDN CTTCVH.

13. Aigbavboa C., Kissi E. Understanding digi-
tal construction management. Digital Management
of Construction Costs. 2025; 27-38. DOI: 10.1016/
b978-0-443-23715-7.00003-2

14. Luo H., Lin L., Chen Ke., Antwi-Afari M.F.,
Chen L. Digital technology for quality management in
construction: A review and future research directions. De-
velopments in the Built Environment. 2022; 12:100087.
DOI: 10.1016/j.dibe.2022.100087. EDN XCZTSV.

15. Liew E.F.Y., Ong D.E.L., Peerun M.I. Map-
ping the future of sustainable construction: Review
on digitalisation and life cycle assessment trends in Asia-
pacific. Energy and Buildings. 2026; 350:116547. DOL:
10.1016/j.enbuild.2025.116547. EDN UFOEBK.

16. Khadim N., van Marrewijk A. Circles of profit:
A conceptual framework for economic and financial as-
pects in circular construction. Sustainable Production
and Consumption. 2025; 55:444-457. DOI: 10.1016/
J-spc.2025.03.007. EDN LLWTYO.

17. Avdiushchenko A., Meinrenken Ch.J. Circu-
lar economy concepts for accelerating sustainable urban
transformation: The case of New York City. Cities. 2025;
166:106223. DOI: 10.1016/j.cities.2025.106223. EDN
PKIRSZ.

18. Ginzburg A.V., Zhavnerov P.B. Influence of
measures to improve organizational technological reli-
ability of operation building organization and planning
construction. Scientific and Technical Volga region Bul-
letin. 2014; 3:94-96. EDN SHVHSX. (rus.).

19. Ibrahim A., Kineber A.F., Hassan A., Else-
knidy M., Elriface M., Alhusban M. Cyber technology
in construction projects: A pathway to efficiency and

1247

9Z0Z ‘L ONSS| "LZ 2WnNjo/ . 3In}08}IYdJy PUB UOI}ONJISUOD UO [BuInof AJYIUOI « NSSOIN MIUISOA
920z ‘L »oAuiag "Lz woL . (8Ulu0) 0099-70SZ NSSI (1uld) GE60-2661 NSSI » ADJIN d¥MHLODg



BectHuk MI'CY - ISSN 1997-0935 (Print) ISSN 2304-6600 (Online) « Tom 21. Beinyck 7, 2026

Vestnik MGSU - Monthly Journal on Construction and Architecture « Volume 21. Issue 7, 2026

A.ll. Xpabpoe

sustainability. Results in Engineering. 2026; 29:108615.
DOI: 10.1016/j.rineng.2025.108615. EDN AEAXKV.

20. Verstina N.G., Rybnov A.E. A modern ap-
proach to ensuring the sustainable development of con-
struction companies based on a set of management tools.
Journal of Economics, entrepreneurship and law. 2025,
15(11):7225-7240. DOI: 10.18334/epp.15.11.124321.
EDN KOMZEIL. (rus.).

21. Troshin A., Stolyarova Z., Lesovik R., Esipov S.,
Lesovik G. Analysis of the risk management system at var-
ious stages of the life cycle of construction facilities. Bul-
letin of Belgorod State Technological University named
after V.G. Shukhov. 2025; 11:88-99. DOI: 10.34031/
2071-7318-2025-10-11-88-99. EDN DDHCWU. (rus.).

22. Ovchinnikov A.N., Volkov A.A. Information
modeling for assessing the reliability of the organization-
al and technological sequence of construction. /nnova-
tion and Investment. 2019; 1:216-218. EDN DYWQBZ.
(rus.).

23. Travush V.I. Digital technologies in construc-
tion. Academia. Architecture and Construction. 2018,
3:107-117. DOI: 10.22337/2077-9038-2018-3-107-117.
EDN VJBYXC. (rus.).

24. Sheina S.G., Mishchenko V.Ya., Sergeev Yu.D.,
Myasishchev R.Yu., Sergeeva A.Yu. Organizational and
technological solutions for identifying the interdependen-
cies between the flow parameters and the cost of work.
Engineering journal of Don. 2025; 2(122):738-748. EDN
STEULY. (tus.).

25. Elmurzaev A.M. Modern approaches to organi-
zational and technological modeling of buildings and struc-
tures design. Bulletin of the Research Institute of the Rus-
sian Academy of Sciences. The series “Natural and Tech-
nical Sciences”. 2025; 3(22):317-325. DOI: 10.69537/
VKNIIRAN.2025.22.3.024. EDN WSROHL. (rus.).

26. Sun Yu., Zhou Z., Li Q., He H. A novel risk as-
sessment method for advanced and environmentally friend-
ly construction technologies integrating RBM and I-OPA.
Alexandria Engineering Journal. 2025; 113:648-660.
DOI: 10.1016/j.a¢j.2024.11.059. EDN NNHYKV.

27. Benuzh A.A. Ecological and economic model
of the building life cycle based on the concept of “green”
construction : abstract of the dissertation of Candidate
of Technical Sciences. Moscow, 2013; 24. EDN SVHDKP.
(rus.).

28. Romantsov A.S. Definition of the multipur-
pose complex commercial real estate. Proceedings
of the Southwest State University. 2011; 3(36):155-163.
EDN NZFGSH. (tus.).

29. Zvyaginceva A., Sazonova S., Kul’neva V. Ap-
plication of numerical modeling methods for safety as-
sessment at public facilities. Modeling of Systems and
Processes. 2020; 13(3):30-42. DOI: 10.12737/2219-076
7-2020-13-3-30-42. EDN JRBWFZ. (rus.).

30. Sheina S.G., Mirgorodskaya E.O., Minenko E.N.
Analysis of the application of the method of estimat-
ing the cost of the life cycle of buildings in Russia and

1248

abroad. Construction and Industrial Safety. 2015;
1(53):76-80. EDN VMIWTR. (rus.).

31. Butovka A.N., Kretov D.Al., Potapov B.V., Ro-
shina N.N. Analytical review of regulatory and method-
ological documents in the field of assessment of the life
cycle cost of objects: on the example of pipelines of water
supply and sewage networks. Urban Construction and
Architecture. 2025; 15(3):(60):43-53. DOI: 10.17673/
Vestnik.2025.03.06. EDN GOHYEV. (rus.).

32. Lapidus A.A., Adamtsevich L.A. Scenario-
oriented design of construction projects in integrated ter-
ritorial development projects. Vestnik MGSU [Monthly
Journal on Construction and Architecture]. 2025; 20(8):
1278-1291. DOI: 10.22227/1997-0935.2025.8.1278-1291.
EDN DADHEW. (rus.).

33. Lapidus A.A., Khitrova T.I., Shchukin A.Yu.
Application of information technologies in construction
control. Construction Production. 2025; 1:92-99. DOI:
10.54950/26585340 2025 1 92. EDN GFPSEE. (rus.).

34. Khrabrov A.P. The impact of design solutions
of multifunctional retail facilities on the life cycle man-
agement. Real Estate: Economics, Management. 2024;
S3:18-25. EDN ZCURWO. (tus.).

35. Grabovyy P.G., Azhimov T.Z. Strategic direc-
tions and development prospects of the construction in-
dustry in Russia. Real Estate: Economics, Management.
2024;2:6-11. EDN LBZYLE.

36. Grabovyy P.G., Volgin V.V., Kushchenko I.V.,
Sezemin D.E., Tkachenko V.B. Technology of organiza-
tion of spatial renewal of urban real estate, concentration
and specialization of industrial production. Moscow,
2024. EDN MIWUIL. (rus.).

37. Lapidus A.A., Adamtsevich L.A. Scenario-
oriented design of construction projects in integrated ter-
ritorial development projects. Vestnik MGSU [Monthly
Journal on Construction and Architecture]. 2025; 20(8):
1278-1291. DOI: 10.22227/1997-0935.2025.8.1278-1291.
EDN DADHEW. (rus.).

38. Volgin V.V. Risk management in the imple-
mentationof investment and construction projects. Real
Estate: Economics, Management. 2024; 2:20-26. EDN
WPXGIJR.

39. Rybakova A.O. Methodology for develop-
ing an information model based on modular elements
of maximum availability. Construction Production. 2023;
2:99-101. DOI: 10.54950/26585340 2023 2 99. EDN
UDIPTD. (rus.).

40. Volkodav V.A., Volkodav I.A. Development
of the structure and composition of a building information
classifier towards the application of BIM technologies.
Vestnik MGSU [Monthly Journal on Construction and Ar-
chitecture]. 2020; 15(6):867-906. DOI: 10.22227/1997-
0935.2020.6.867-906. EDN RGQGTO. (rus.).

41. Oparina L.A., Barzygin E.A., Ogurtsov V.A.,
Karas R.S. Combined use of the package-node method
and artificial intelligence technologies in calendar-
network planning of construction projects. Vestnik MGSU



YrpaBAeHUe XU3HEHHBIM LIMKAOM MHOIOQYHKLMOHaAbHbIX 06bEKTOB
CTPOUTEABCTBaG Ha OCHOBE MOAEAU CKBO3HbIX MpoLieCcCoB

C. 1229-1249

[Monthly Journal on Construction and Architecture]. terials supply management during the life cycle of a con-
2026; 21(1):107-121. DOI: 10.22227/1997-0935.2026.  struction project. Vestnik MGSU [Monthly Journal on Con-
1.107-121. EDN IOMRAT. (rus.). struction and Architecture]. 2024; 19(5):826-835. DOI:

42. Oparina L.A., Barzygin E.A., Gridneva Ya.A., 10.22227/1997-0935.2024.5.826-835. EDN BEOAMF.
Kasyanenko N.S. Using lean manufacturing tools in ma-  (rus.).

Received January 29, 2026.
Adopted in revised form on March 31, 2026.
Approved for publication on April 8, 2026.

BroNnoTES: Anton P. Khrabrov — postgraduate student, senior lecturer of the Department of Construction Organi-
zation and Real Estate Management; Moscow State University of Civil Engineering (National Research University)
(MGSU); 26 Yaroslavskoe shosse, Moscow, 129337, Russian Federation; a.khrabrov@cckgroup.ru.

1249

9Z0Z ‘L ONSS| "LZ 2WnNjo/ . 3In}08}IYdJy PUB UOI}ONJISUOD UO [BuInof AJYIUOI « NSSOIN MIUISOA
920z ‘L »oAuiag "Lz woL . (8Ulu0) 0099-70SZ NSSI (1uld) GE60-2661 NSSI » ADJIN d¥MHLODg



