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AHHOTALUMUA

BBeaeHue. ViccnegoBaHve NOCBALLEHO BUSIHUIO TEXHOMNOMMIN MHOPMaLMOHHOTO MoaenupoBanus 3ganduin (TUM) Ha adp-
(PEKTUBHOCTb OMEPATUBHOIO YMNpaBreHUst HEOBWKMMOCTbIO. B ycnoBusix undpoBmnsaunm 1 yCrnoxHeHUs1 NpoLeccoB 3KC-
nnyaTtauumn 3gaHuii akTyanbHO NPUMEHEHNE MHTErPUPOBAHHbIX LMPOBbLIX NNaTdopM, CMOCOBHbIX YYULLNTL KOOPAUHALUMIO
Mexay ynpasnsoLLMMM OpraHn3aumnsMm, TEXHUYECKUM NepcoHanom v xunbuamm. HayuyHasi HoBusHa paboTbl 3aknoyaeTcst
B KOMMNJIEKCHOM aHanu3e Bnusiiust TVIM Ha cokpallueHve BpeMeHW pearnpoBaHusl, ONTUMMU3ALMNIO TEXHUYECKOTO 0BCyXu-
BaHWSI U CHIDKEHME JKCMyaTaumoHHbIX 3aTpat. Llenb nccnegoBaHus — oueHnTb Bosgerictere TVIM Ha adbdeKkTMBHOCTD
onepaTvBHON AeATENbHOCTU U BbISIBUTL KIOYeBble (DAKTOPbI, BAMSOLIME HA YCNELLHOe BHEAPEHME TaKMX TEXHOMOTUIA.
Martepuanbi u metoabl. [pYMEHEH CMELLaHHbIN METOA, OObEANHSIIOLLMI KAYECTBEHHBIN 1 KONMYECTBEHHLIN aHaNn3 AaH-
HbIX, CObpaHHbIX B nepuogd ¢ 2022 no 2024 r. Hdopmauwms nonyyeHa NnocpeacTBOM Kenc-uccrnefoBaHuii, aHKETUPOBaHWS,
MHTEPBbLIO M HAbMAEeHUI 3a aKCMyaTalLMOHHBIMU Noka3aTenamm 3aaHuni. [ns oueHKn U3MeHEHUN MCnonb3oBanmnch cra-
TUCTUYECKME MeToAbl (BKItOUas NapHble t-TeCTbl) U TEMATUYECKUIA aHanmu3, YTo 06ecnevmno TpUaHrynsaumio AaHHbIX U 06b-
EKTUMBHYIO UHTEPNpETaLMNio pe3ynbsTaToB.

Pesynbratbl. BHegpeHne TVIM no3Bonuno cokpaTuTb BpPeMsi OTKIIMKA Ha 3asiBkM Ha 35 %, CHU3UTb SKCMyaTauMOHHbIE
3aTpatbl Ha 20 % ¥ yMeHbLUINTL 3HepronoTpebneHne Ha 15 %. Kpome Toro, undpoBunsaumsi npoLeccoB obecneuunna sHaum-
TenbHOEe NOBbILIEHNE YAOBMETBOPEHHOCTU XMMbLIOB 32 CYET NMPO3PAYHOCTM OOCIY>KMBAHUS N YIyYLLIEHHON KOMMYHMKaLIMK
MeXay 3anHTEPEeCOBaHHbLIMIU CTOPOHAMMU.

BbiBoabl. [Nony4yeHHble pe3ynsTaTbl NOATBEPXAAIT BbICOKYH0 ahdeKTUBHOCTL NpuMeHeHns TVIM B onepatuBHOM ynpas-
NeHnn HeaBWXMMOCTbIO. VccnegoBaHne OeEMOHCTPUPYET, YTo nHTerpaums TUIM cnocobeTByeT onTuMmsaumm npoLeccos,
CHWKEHUIO 3aTpaT 1 MOBbILLEHWIO 3HEProadhHEKTUBHOCTU. PekomeHayeTcsa AanbHenwas niterpaumsa TUM ¢ TexHonorusamm
10T 1 MCKyCCTBEHHBIM MHTENNEKTOM, a Takke pasBuUTUE 00yyaloLwmnx NnporpamMm AN nepcoHana, Yto no3BonuT obecnevnTs
yCcTOnYMBOE 1 3h(PeKTMBHOE ynpaBrneHne obbekTaMmy HELBUXXUMOCTU.

KIMKOYEBBIE CITOBA: TVIM, onepaTuBHOe ynpaBfneHue, ynpasrneHne HeABMKMMOCTbIO, YNPaBneHNe XU3HEHHBIM LIMKIOM,
umdposas TpaHcopmaums, ynpasneHme obbekTamu, NPorHo3Hoe obcnyxmBaHne
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ABSTRACT

Introduction. The study is devoted to the impact of Building Information Modelling (BIM) technologies on the operational ef-
ficiency of property management. In an era marked by digitalization and increasingly complex building operations, the use of in-
tegrated digital platforms that enhance coordination among property management companies, technical personnel, and resi-
dents has become essential. The novelty of this work lies in its comprehensive analysis of BIM’s impact on reducing response
times, optimizing maintenance procedures, and lowering operational costs. The objective of the study is to assess the influence
of BIM on operational performance and to identify the key factors affecting the successful implementation of such technologies.
Materials and methods. A mixed-methods approach was employed in this study, combining both qualitative and quantita-
tive analyses of data collected between 2022 and 2024. Data were gathered through case studies, surveys, interviews, and
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observations of building performance metrics. Statistical methods, including paired t-tests, alongside thematic analysis, were
utilized to evaluate changes, ensuring robust data triangulation and an objective interpretation of the results.

Results. The implementation of BIM resulted in a 35 % reduction in response times for service requests, a 20 % decrease
in operational costs, and a 15 % reduction in energy consumption. Moreover, the digitalization of processes significantly
increased tenant satisfaction through enhanced service transparency and improved communication among stakeholders.
Conclusions. The findings confirm the high effectiveness of utilizing BIM in the operational management of property.
The study demonstrates that BIM integration contributes to process optimization, cost reduction, and improved energy
efficiency. It is recommended that further integration of BIM with loT and Al technologies be pursued, along with the devel-
opment of comprehensive training programs for personnel, to ensure sustainable and efficient management of real estate
assets.

KEYWORDS: BIM, operational management, property management, lifecycle management, digital transformation, facilities
management, predictive maintenance
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BBEJEHUE

YnpasiieHHe HEIBIKUMOCTBIO, 0COOEHHO JKMIIBIX
3M1aHNH, CTAHOBUTCS BcE OOJIeE CIIOKHBIM IPOLIECCOM,
TpeOYIONIMM MHTErPallii COBPEMEHHBIX TEXHOJIOTHI
JUISL IOBBILICHUSI D((PEKTUBHOCTU U YCTOWYUBOCTH.
L{udpoBu3aiyst )KUIUIHO-KOMMYHAJIBHOTO X03HCTBa
(KKX) sBisieTcss OMHUM M3 TMPHOPHUTETOB PA3BUTHUSA
B Poccniickoit ®enepannu’ [1, 2], Kak ¥ BO BCeM MHpPe
[3-5]. Texnomornu WHPOPMAITMOHHOTO MOJEITHPOBA-
nust 3nanunii (TUM) npencraBistior co00i TEXHOJIOTH-
YEeCKHI POPBIB, CIIOCOOHBIH TPaHC(HOPMUPOBATH Tpa-
JIUIIMOHHBIE METO/BI OMEPATUBHOIO yIpaBieHus [3].
Hudporuzanus XKX maeT BO3MOKHOCTH CBs3aTh
B €IMHOEC MH()OPMAIIMOHHOE TOJIE MPOLECCH B3aHNMO-
JIEHCTBHSI W MPENOCTABICHNS OTYETHOCTH Ha BCEX
ypoBHsIX ynpasienus. ObecrednBas HoJIHOE HUPPOBOE
IpeJcTaBIeHue 0 MOCTpoeHHoi cpene, TUM obnerya-
eT MPUHSATHE PELICHNH B peaJbHOM BPEMEHH, CHHXKAET
MH(OPMALMOHHbIE Oapbepbl U YIy4IlaeT KOOPIHHALIIIO
MEX]Ty 3aWHTEPECOBAaHHBIMH CTOpOHAMH [4].

Buenpenne TUM nHanbonee akTyanbHO B YCIIO-
BHSIX INOBBIIIEHHBIX TPEOOBAaHUH K yCTOWYMBOCTH,
9HEProdPEeKTUBHOCTH U ONITUMH3UPOBAHHOMY (yHK-
nuoHupoBaHuto 3n1anuil. TUM npennaraet MHTErpupo-
BaHHOE PEIICHNE, OXBATHIBAIOIIEE PA3INUHBIC ACTIEKTHI
YOpaBICHNUS HEIBMKMMOCTBIO:! OT TEXHHUYECKOTO 00-
CITy’)KUBaHHS W PEMOHTA /10 B3aNMOACHCTBUS C KUITb-
IaMM 1 MOHUTOpHHTa >Hepronorpednenus [5]. TUM
TaKXKe MpeJoCTaBIsIeT iaTGopmMy JUIs MPOAKTHBHOTO
00CTy>KUBaHMSL, TIO3BOJISIS YIPABIAIONIIM OpTaHU3aIH-
SIM TIPOTHO3MPOBATH BO3MOXHBIE IPOOIEMBI 10 MOMEH-
Ta UX CEPbE3HOT0 00OCTPEHNUS, TEM CAMBIM COKpAIIast
BpEeMsI TIPOCTOSI M COTTYTCTBYIOIIME 3aTpaThl. B cBs3n

! Tlnan mepornpusiTiil («IOpOXKHAsST KapTa») 110 UCIOIb30Ba-
HUIO TEXHOJIOTHH MH()OPMAIMOHHOTO MOAEIHPOBAHHS TPH
MIPOEKTHPOBAHNH M CTPOUTEIBCTBE OOBEKTOB KaMUTAIBHOTO
CTPOUTEBCTBA, a TAKKE M0 CTUMYIHPOBAHUIO TPUMEHCHHUS
9HEeprod(pGeKTUBHBIX M IKOTOTHUHBIX MATEPHAIIOB, B TOM
YHCiIe C y4eTOM HeOOXOOMMOCTH HX MPOU3BOACTBa B Poccuii-
ckoii denepannu : yTB. Pacnopsokenuem Ilpasutenscrsa Poc-
cuiickoit deneparyum ot 20.12.2021 Ne 3719-p.
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¢ 3TuM noHuMmanue BiausiHus TUM Ha onepanuoHHyrO
3¢ GEKTUBHOCTD BaXKHO /ISl YIPABIISIONINX OpTaHU3a-
IIUH B MX YCHIIMSIX IO COXPAHEHUIO KOHKYPEHTOCIOCO0-
HOCTHU Ha U3MEHSIOIIEMCS PhIHKE.

OcHOBHas 1LIeNIb UCCIE0BAaHUS — OLIEHUTDH BIIUS-
nue TUM na onepanuonnyto 3¢dekruBHOCTS B chepe
yIpaBlieHHs: HeIBUKUMOCThI0. Crienuduueckue 3aa-
4y BKJIIOYAIOT OLeHKY Bkiana THM B ontumuszanuo
3aa4 [0 TEXHHYECKOMY OOCIyKHBAaHUIO, yITydllle-
HHUE paclpeieIeHNs] PeCypCcoB U IOBBIIICHUE TOYHO-
CTH JaHHBIX. | MIIOTE3a MCCIeI0BaHuUs MIPEAIIONaraeT,
yto uHTerpauus TYIM B nesiTebHOCTD 10 YIPaBISCHHUIO
HEJIBIDKUMOCTBIO MOXKET IIPUBECTH K Oosiee deKTHB-
HOMY HNPUHATHUIO pEH_ICHI/Iﬁ 1 CHUKCHHIO DKCITyaTal -
OHHBIX 3aTpaT. AHATU3UPYd KaK KaueCTBEHHYIO, TaK
U KOJMUYECTBEHHYIO MH()OPMAIHIO, PEIIPUHSTHI M0-
IBITKH C(hOPMHUPOBATH KOMIIJIEKCHOE TOHUMAaHHE TOTO,
kak THIM MOXXeT yay4ImuTh OOIIHi poriecc yrpasie-
HUSI U CO3/1aTh OLIYTHMBbIE IIPEUMYIIECTBA [UIsl 3aHHTe-
PECOBaHHBIX CTOPOH [6].

Kpowme toro, ucciaenoBanue paccMaTpuBaeT poib
THUM B ynydlleHUM B3aUMOCBS3EH MEXIy ydact-
HUKaMH Iponecca SKCITyaTaluu 3HaHHﬁ, BKJIKOYaA
YHPaBISIIOIINX HEABMKUMOCTBIO, TEXHUUECKHIT Tep-
COHAJ W XIIBIOB. DP(HEKTUBHOE B3aUMOJCHCTBHE
B)XHO YIS YCIICIITHOTO YIIPABJICHUS 3TUM IIPOLIECCOM,
1 BO3MOXXHOCTh TUM ciy’)XKUTh LEHTPAIN30BaHHBIM
XPaHWINILIEM JaHHBIX CIIOCOOCTBYET JO0CTHXKEHUIO
MPO3PAaYHOCTH U MOJOTUYETHOCTH. DTO KE OTHOCUTCS
k BiustHuio TUM Ha ynpasieHue sHepromnorpeOieHu-
€M, COCpeloTayuBasch Ha ToM, kak TMIM MO>xHO IIpu-
MEHSITh Ui MOHUTOPHUHIA U ONTUMH3ALNHU HUCTIONb30-
BaHMS YHEPTHUH, CIIOCOOCTBYS YCTOMYMBOMY Pa3BUTHIO
COOTBETCTBYIOLLEH CPEbI.

MATEPHUAJIBI U METO/JbI

IIpuMeHeH cMmelanHbIil MEeTO, COYeTaIONN Ka-
YECTBEHHBIN M KOJMYECTBEHHBINH aHanm3. VHpopma-
U0 COOMPAU B PaMKaX CEPUHU KeHC-UCCIICIOBAHMIA,
BKJTIOYAIOLIUX YIIPABIISIONINE KOMIIAaHUH, BHEIPUBIIIHE
THUM B cBorwo nesTenbHOCTh. MccaenoBanust mpoBo-
nunuch B iepuona ¢ 2022 mo 2024 r. B xo1e paboThI
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HaJ MarucTepckoi nucceprauuei, moAroToBICHHON
B HNIY MI'CY, u BKIrOuaiu aHKETUPOBAHUE YIIPABIISIIO-
XX OpPTraHn3ali, TEXHHIECKOTO TIEPCOHANA U IPyTHX
3aMHTEPECOBAHHBIX CTOPOH, YYaCTBYIOUIUX B IKCILTY-
aTanuu >KUiblX 3paHuil. Keiic-uccinenoBanus npeno-
CTaBHIIN MOAPOOHYI0 WHOOPMALIUIO O MMPAKTUYECKOM
npuMmeHeHud TUM u ux BIMSIHUM HAa ONEPATUBHYIO
3P PEKTHUBHOCTD.

KonmaecTBeHHbIE JaHHBIE OBIIN MOTYYESHBI U3 9KC-
IJ1yaTallMOHHBIX IO0Ka3aTesed, 3a()MKCUPOBaHHBIX
no u nocne BHeApeHus TUM. B cocTtaB uccinenoBan-
HBIX TTOKa3aTeJIel BXOIWIN BPeMs OTKJIMKA Ha 3asSBKU
10 TEXHUYECKOMY 00CITy)KMBAHHMIO, 3aTPaThl HA PEMOHT,
YPOBEHb YJOBIETBOPEHHOCTH KHIIBI[OB U JIaHHBIE
0 TOTpeOIeHNH YHEepTHH [7]. DTH METPHUKHU BHIOpAHBI
JUISL CO3/IaHMsI KOMIUIEKCHOTO TIpeICTaBIeHuUs 00 orepa-
TUBHOH 9()()eKTUBHOCTH, OXBATHIBAIOIIETO KaK (hHHAH-
COBBIE, TaK ¥ HE()UHAHCOBBIC ACTIEKTHI YIIPABICHUS He-
JIBIKUMOCTBI0. Hampumep, Bpems OTKIIMKA Ha 3asSBKH
U3MEpSIOCh B Hacax, a YPOBEHb yAOBIETBOPEHHOCTH
CcOOCTBEHHHUKOB OIleHMBAaJICS 110 1Kaie ot 1 go 5. Cae-
JICHUS O MOTPEOICHUH YHEPTHH MOTYUYCHBI U3 CUCTEM
yIpaBlIeHUs 3laHUEM, UHTerpupoBaHHbIX ¢ TUM,
YTO MO3BOJMIIO BBHITIOJHUTH MOHUTOPHHT B PEATbHOM
BPEMEHHU M aHAJIN3UPOBATh UCTOPUYECKHE JaHHBIE.

KauecTBeHnHble naHHBIE COOpAaHbI B X0J€ YIITyO-
JICHHBIX HHTEPBBIO C KITIOYEBBIMH 3aHHTEPECOBAHHBIMA
CTOpPOHAMM, UMEBIINX IEJIBIO TIOHATH BOCTIPUATHE TIpe-
UMYILECTB 1 Ipo0iIeM, CBSI3aHHBIX ¢ BHeapenueM TUM
B OTIEpaTUBHOE yTpaBiieHne. Bompocs! HHTepBbIO (HOKy-
CUPOBAJIMCh HAa TAKUX ACMEKTaX, KaK U3MEHEHHs B 3(-
(eKTUBHOCTH pabouMX MPOIECCOB, YIyUIIEHHE KOM-
MYHHUKaIlMU ¥ 00IIee BIMSHIE Ha YIOBIETBOPEHHOCTh
COOCTBEHHHKOB. JIOMOHUTELHO POBOMIIUCH 00CY K-
JIeHns B poKyc-rpymnmax ¢ TeXHUYECKUMH KOMaHJIaMH
JUISL TIOJTYyYeHHsI uX OT3bIBOB 0 TMIM-uHCTpymMeHTax,
BKJIFOYasl YI00CTBO JI0CTyMa K MHPOPMAIIUK U BIHUSHHE
HAa MOBCEIHEBHBIC 3a/1auU.

AHanuTHYeCcKas CTPYKTypa MCCIEAOBAHNS BKIIO-
Yaja CTaTUCTUYECKHUH aHAJIN3 KOJTMYECTBEHHBIX CBEJC-
HUI ¥ TeMaTUYECKHUI aHaJIU3 KaueCTBEHHBIX JAHHBIX
nHTEpBbI0. CTaTHCTHYECKUH aHaIN3 BKIIIOYAJ TTApHbIE
t-TeCThI JJIsi OLIGHKH 3HAYMMOCTH HAOJIOIAEMbIX H3-
MeHeHul [8], a KaueCTBEHHBIN aHaIn3 OCYIIECTBISUIICS
C MCTIONTB30BaHNEM TIPOTpaMMHOTO obectiedeHns NVivo
JUTSL KAaTeTOPU3allii M MHTEPIPETAIllii OTBETOB HA HH-
TepBbI0. CMENIaHHbIH 0AX0/ 00ECTIeU I TIOJTHOE TIOHU-
MaHNE KaK U3MEPUMBIX PE3yIbTaTOB, TAK M CyOBEKTHB-
HBIX BIEUYATIICHUH, CBsI3aHHBIX ¢ BHeIpernueM TUM [9].
KomOnHanms Konm4ecTBEHHBIX U Ka4eCTBEHHBIX JIaH-
HBIX T03BOJIMJIA OOjee ACTANbHO OIEHWUTDH BIIMSHUE
THUM Ha onepariioHHY10 3()(HEKTUBHOCTS.

C 1ernbio MOBBIICHNST HAJISKHOCTH JJAHHBIX ObLIa
TIPUMEHEHA TPUAHT YIS, IPETONATaroIast HCIOJb30-
BaHHE HECKOJIbKUX HCTOYHHKOB MH(OPMALIUK HITH MOJIXO-
JIOB JUIs IEPEKPECTHOM MPOBEPKH PE3YJILTATOB, UTO CIO-
COOCTBYET YBEIMUCHUIO BAJIUAHOCTH ITOTYYCHHBIX CBE-
nenunit. OObeAMHKUB JJAHHBIE ONPOCOB, HHTEPBBIO U I10-

kazarenu 3(p(EeKTHBHOCTH, NPEATPUHUMAIINCE YCH-
JUS IPOBECTH COATaHCUPOBAHHBIN M 000CHOBAHHBIH
aHanu3 pesynsratoB BHeapeHus THUM. Kpowme Toro,
HaOIIOIeHUsT cOOMPAIN B XOJI€ MOCENICHNsT 0OBEKTOB
JUIS JTy4IIEero TOHMMAaHUs €KEJHEBHOTO MCIIOJIb30Ba-
Husg TUM-UHCTpYMEHTOB TEXHUYECKUM IEPCOHAIOM
U YNPaBISIOMMMA. JTH HaOJIOAEHUS TPEI0CTaBUIN
KOHTEKCTYaJIbHY0 HH()OPMAIINIO, TOMOIHHUBIIYIO KOJIHU-
YECTBCHHBIC METPUKH U Ka4eCTBEHHbIC HHTEPBIO.

B cocraBe meTogonoruu npeaycMoTpeHoO cpas-
HeHue BHeapeHuss TYIM ¢ TpaquMOHHBIMU METOAAMU
YIPaBJICHUS, OXBAThIBasi KOHTPOJIBHYIO TPYIITY yNpaB-
JSIOIUX OPTaHM3alUM, KOTOPHIE elle HEe BHEIPHIU
THUM. DTo mo3BONMIO CO3AaTh Ooyiee YeTKoe Mpes-
CTaBJICHUE O MPEHUMYIIEeCTBaX U Mpobiemax, CBA3aH-
HbIX ¢ npuMeHeHueM TUM Ha srame skcrutyaTalui.
COOTBETCTBYIONINI CPaBHUTEIBHBIN aHAJIU3 MOMOT
BbIICIUTH 00nactH, riae TUM npuHOCUT HanOosbIIMe
YAy4IIEHHs], @ TaKXKe 00JIacTH, IJie TPAAUIIUOHHbIE Me-
TOZBI COXPAHSIOT OIPEAEICHHbBIE TPEUMYIIECTBA.

OTtcnexuBas U3MEHEHHUS Ha MPOTSHKCHUH JTH-
TEJIBHOTO TIEPUOAA, YIAIOCh 3aUKCHPOBATh TCHJICH-
UM 1 YITy4IIeHHs, KOTOPbIE MOITINA OBITh HEOUEBUIHBI
cpa3y. Takoll moaxo/ TakKe MO3BOJIMII CO3/1aTh MPei-
crasieHue 00 ycroiunBoctn npeumymects TUM,
BKJTIOUasi BO3MOXKHOCTb COXPAaHEHHS WIIH YBEIHUCHUS
HavyaJbHBIX YIy4dlleHni B 3pQEeKTUBHOCTH, SKOHOMHHU
3aTpar M yJOBJIETBOPEHHOCTH COOCTBEHHHKOB CO Bpe-
MeHeM. «IIpomoNbHBI» acleKT uccaeaoBannus Obul
Ba)KEH NJI1 MOHUMaHUs TUHAMUKK uHTerpauuun TUM
U UX JOJIFOCPOYHOM MEPCHEKTUBHOCTH KaK HHCTPYMEH-
Ta JUIs ONIEPaTUBHOTO YIPABICHHUS.

Hcnonp30BaHue Kak KaueCTBEHHBIX, TaK U KOJIH-
YECTBEHHBIX JAaHHBIX JaJ0 BO3MOXKHOCTb MPOBECTHU
TPUAHTYJISIUIO, TTOBBIIIAS HA/IS)KHOCTH BBIBOZOB. CMe-
IIAHHBIN MTOJIXO/ TAK)KE MO3BOIUI BBIIBUTh 3aKOHOMEP-
HOCTH, KOTOPBIE MOTJIM OBITH HEOUYEBHUIHBI U3 OHOTO
MCTOYHHKA JaHHBEIX (Tabn. 1). Hampumep, B To Bpems
KaK KOJTMYECTBEHHBIC JaHHBIC MTOKA3aJIN CHIDKCHHE 3a-
Tpar Ha 00CITy)XMBaHUE, KAYECTBEHHbBIC CBEJCHUS BbI-
SBHJIM, YTO NEPCOHAT TEXHUYECKOTO OOCITYyKMBAHUS
cuurtai uHctpyMenTsl TUM none3usivu [uist Gosee a¢-
(heKTHBHOTO TUTAHUPOBAHUS ¥ TIPHOPUTH3ALNH 33/1a4.

MeTo050THsl TAKXKE HCCIIEA0BAIa NCHOIb30Ba-
Hue reonHdopmannonusix cucreM (I'MC) B coueranunn
¢ TUM nnsa ycusieHUsl MPOCTPAHCTBEHHOIO aHaIu3a
00bexToB HepBmwkuMocTh. [ MIC Obla mHTETpUpOBaHa
¢ monessimu TUM nnst BU3yasnuzaiuu reorpaduuecko-
TO pacupesesieHus: MoTpeOHOCTeH B 00CITy KUBaHUH
U paclpeneieHns pecypcoB, obecrednBas 0ojee mo-
HOE TpEeICTaBlIcHUE 00 OMeparMoOHHOM JaHamadre.
OTa MHTEerpanus IM03BoJINIa yIPABISIIOIIUM OpraHu-
3ausAM ONTUMHU3UPOBATH JOTHCTHKY, TAKyI0 KaK pac-
npejesieHue KOMaHJA TEXHHUYECKOro OOCITy)KHUBaHUS
M0 Pa3INYHBIM JIOKAI[USM Ha OCHOBE NMPOCTPAHCTBEH-
HOM OJM30CTH U CPOYHOCTH 3a/1a4.

Kpome Toro, B uccinenoBaHuN paccMaTpUBAIIUCh
Mpomuecchl 00y4YeHUs W ajanTanid, HeoOXOoauMble
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Taoua. 1. CBoiKa HCTOUHUKOB JaHHBIX M METO/IOB

Tun gaHHbBIX Ucrounnk Meton
Konuuectsennsie 3anmcu o0 TeX00CTyKHBaHUI CTaTHCTHYECKHUE TeCThI
KauectBennsie WHTEPBBIO € 3aMHTEPECOBAHHBIMU CTOPOHAMU TemaTnueckuii aHaIn3
CMmel1aHHbIe Onpocsl apeHAaTopoB OnucarenbHas CTaTUCTHKA

Ju1st yenemHoro BHeApenus TUM. JleranbHble 3amKcH
0 CceCCHuiax 06y‘IeHI/I$I, BKJItO4YasA OT3bIBbI YUaCTHUKOB
U OIICHKY HaBBIKOB, IPOAHAIM3UPOBAHBI JJISI TTOHH-
MaHus 3QPEKTUBHOCTH Pa3IMYHBIX MOAXOA0B K 00-
Y4EHHUI0. DTOT aHAJIU3 MOJYEPKHYI BaXXHOCTh MpPaK-
THYECKOTO, CIEHAPHOTO OOyYeHHUsS ISl TOTO, YTOOBI
MepCcoHal MOJHOCTHIO OCO3HAJ NMPAaKTHUYECKUE MPHU-
MeHEeHUs1 UHCTpYMeHTOB TUIM B cBOMX €KEAHEBHBIX
3ajauax. BrIBO/BI OKa3aIn, YTO XOPOILO CTPYKTYpPH-
POBaHHLBIC IMMPOTrpaMMbI 06yquI/1;1 OBLIM KJIIOYEBBIMU
JUTS TIPEOIOTICHHS COTIPOTUBIICHNS U3MEHEHUSIM 1 00ec-
MIEYCHUSI TOTO, YTOOBI BCE YJICHBI KOMaHbI IPHOOpEn
KOMIETEHIUH B UCTIONB30BaHUK TexHonoruii TUM.

PE3VYJIBTATHBI U OBCYXJIEHUE

Buenpenune TUM (puc. 1) 3HaYUTEIBLHO MOBBIIIA-
eT 3(PEKTUBHOCTH ONEPAIHil TI0 YIPABICHUIO 00BEK-
TaMU HEIBIKUMOCTH.

OTO MOATBEPIKAAIOT CIECAYIONME OCHOBHBIE pe-
3YIBTATHI:

1. Cokpamienre BpeMEHHU OTKJIMKa Ha 3asBKH
no obciyxuBanuto. Crnocodonocts TUM mnpenocras-
JSATH aKTyaJbHOE U TIOHOE MPEICTABICHUE O COCTOS-
HUH aKTUBOB 3/IaHMsI IPHUBEJIA K COKPALIEHUIO BPEMEHU
OTKJINKA TIPUMEPHO Ha 1/3, 9TO COOTBETCTBYET MOIY-
4yeHHBIM B padote [10] 35 % mo cpaBHEHHUIO C TpaaHIIH-
OHHBIMHU MeToaMu (puc. 2).

OT1o ymydmieHne OO0BSICHAETCS LEeHTPan30BaH-
HBIM JIOCTYIIOM K JETalM3MpPOBaHHON MH(OpManuu
0 CUCTEMaxX 34aHUA, YTO IMO3BOJACT TCXHUYECCKOMY
MepcoHaIy OBICTpee BBIABIATH M YCTPAHATH MpoOlIie-
MbI2. KpoMe Toro, nHTerparus MOOUIBHBIX YCTPOHCTB

2 BuildingSMART International. IFC Standards for BIM. 2020.

Cosznganne
monenn TUM

WuTerpanus
JIaHHBIX

¢ TUM-mopnensiMu peocTaBuiIa KOMaHAaM TeXHUYe-
CKOTO OOCITYXMBaHUS BO3MOXKHOCTB ITOJIy9aTh U 00-
HOBJISITH MH(POPMALIMIO HETIOCPEICTBEHHO Ha MeECTe,
YTO TaK)X€ COKPAaTHIO BpeMs OTKIuka. COTpyaHHUKU
OTMETHUJIH, YTO JOCTYI K JAaHHBIM O 31aHUU yAAJIEHHO
Yyepes TUTAHIICTH FITH CMapT(HOHBI CTal 3HAYUTEIEHBIM
MIPEUMYIIIECTBOM, OCOOCHHO B SKCTPEHHBIX CHUTYaLUIX.
THUM rakxe npeaocTaBuil KOMaHIaM TEX00CTyKH-
BaHUS JOCTYH K UCTOPUUECKUM JAHHBIM, KOTOPBIE MO-
MOTJIH BBISBJICHUIO TIOBTOPSIOIINXCS IIPOOITIEM U peaIi-
3alUM JOJTOCPOYHBIX pereHui. Takoi mpoakTUBHBIN
MOAXOJ K OOCITY)KMBAHUIO HE TOJILKO COKPATHJI BPEMs
OTKJIMKA, HO U CIIOCOOCTBOBAJI CHIDKCHHIO OOIIUX 3a-
TpaT Ha OOCIy)XKMBaHUE B pe3yibTaTe yMEHBIICHUS
YacTOTHI MOBTOPHBIX cO0eB. MHTErpamus nporHo3HOK
AHAIMTUKH elle OoJblie nmoBbicuia 3GpPpeKTHBHOCTD
orepanuii Mo 00CIyKUBAHHIO, ITO3BOJISISL YIIPABIISIO-
MM 0O0BEKTOM TPEIBHUICTH MOTECHIINATHHBIC OTKA3BI
U TUIAaHUPOBATH MPOPUIAKTHIECKOE OOCITyKUBAHNE.
udpoBble BOBMOKHOCTH YIPaBJICHUS aKTHBaA-
Mu, npegocrasiseMblie THM, Takxke ChIrpaiy BaxHYIO
OB B ONTHMH3AINHN OIEPAIUil IO 00CITy)KUBAHUIO.
ITonneprxnBast akTyaIbHBIN III(PPOBOI HHBEHTAPH KOM-
MTOHEHTOB 3/1aHUs, YIPABIAIONIUE MOIJIH JIETKO OTCIIe-
JKMBaTh COCTOSIHUE PA3IMYHBIX aKTUBOB, TAKHX KaK CH-
CTEMBI OTOIUICHUS, BOMOCHAOKEHUS U BOIOOTBEACHUS
(OBK), nu¢Te 1 MpoTHBOIIOKapHOE 00OPYAOBAaHUE.
COOTBETCTBYIOIIHNIA YPOBEHb ACTANM3AIUU CIIOCO0-
cTBOBaJI Oosee A3 PEeKTUBHOMY TUIAHUPOBAHUIO M pac-
MIPEICIICHUI0 PECYPCOB, TAPAHTUPYS, UYTO KPUTHUECKH
Ba)KHBIC KOMITOHEHTHI MOIy4Yadl HE0OXO0IUMOE BHH-
MaHHe 10 TOTO, KaK BO3HUKAJIN CEPbE3HbIC MPOOIEMBI.
Kpome Toro, unterpanus cucteM aBToMaTH3allUU 3/1a-
Huii ¢ TUM oOnerdnia aBTOMaTHYECKUA MOHUTOPHHT

[TnannpoBanne
TEXHUYECKOTO
00CITyKUBaHUS

=

MoHuUTOpUHT
B peaIbHOM
BpPEMEHHI

T

[Tpunsatue
pelieHui

Puc. 1. Cxema unrerpanun TUM B ynpasineHne 00beKTOM HEABHKUMOCTH
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Bpemst oTKIIMKA Ha TEXHHYECKOE 00CITy)KUBAHHE, 1
)

Jlo Buenpenuss TUM

[Tocne BHenpenuss TUM

Puc. 2. Bpems oTkinka Ha o0CITy)KiBaHHE 10 U Tocie BHeApeHus TUM

1 paHHEee BBISBICHUE OTKJIIOHEHHUH B paboTe, 9To 3HAYH-
TEJTBHO COKPATHJIO BPeMs OTKIIHKA.

2. CHmxkenwue 3arpar. AHanu3 nokasan 20%-Hoe
COKpaIeHne KCIUTyaTallHOHHBIX 3aTpaTr Omaromaps
6osee 3phekTHBHOMY TIIAHUPOBAHHUIO OOCITY)KMBAHMS
1 ONITUMM3aLUM paclnpesneneHus pecypcon uepe3 THM-
Mozaenu (puc. 3). [IporHo3upoBanue morpedHOCTEH
B TEXHUYECKOM O0CIYy)KMBaHHH Ha OCHOBE MCTOpHYE-
CKHUX CBEJIEHHMH M JJAHHBIX C JATYUKOB romoraer TUM
MUHUMH3HPOBATh HEO)KUIAHHBIE TIOJJOMKH U JOPOTO-
CTOSIIINE aBAPHUITHBIE PEMOHTHI. AHAJOTHYHBIE Pe3yib-
TaTHI MOJTyYeHBI B HccinenoBann [11].

DKOHOMHSI CPEJICTB TaKxKe ObLIa IOCTUTHYTA OJ1aro-
Jiapst YIy4llieHHOMY YIIPABJICHUIO SHEPronoTpeOieHueM.
THUM-Mozeny, HHTErPUPOBAHHBIE C CUCTEMaMU YIIpaB-
JIEHUS 3AaHUEM, JAIH BO3MOXKHOCTH YIPABISIOIINM
B peaJbHOM BPEMEHH KOHTPOJIHPOBATH MOTpeOIeHHE

200 000}

175 000

150 000

125 000

y.e.

100 000

3arparbl

75 000

50 000

25000

3arpaTbl Ha 00CITy)KUBaHUE

Puc. 3. AHanu3 3aTpar Ha ONEepaTUBHOE YIIPABICHHE

SHEPruH, BbISBISATh HeA(P(EKTUBHBIE 30HBI U BHEAPSTH
IIeJIeBbIe MEPHI [0 3KOHOMHUH dHepruu. Hampumep, aB-
ToMarrueckoe ympasienne cucteMamu OBK Ha ocHOBe
JTAHHBIX O 3aHATOCTH IIOMEIIEHUH TOMOKET CHU3UTB T10-
TEpU PHEPTHU B HEMMMKOBBIE Yachl. BO3MOXHOCTE MOzie-
JIMPOBATh PA3INYHbIE CLIEHAPUH HOBBIILICHUS SHEPro3(-
(hextrBHOCTH B cpene TYIM mo3Bommiia ynpaBIIsOIIM
OpraHU3alKsIM NPUHUMATh 0OOCHOBAHHBIC PEIICHUS
[0 MOJIEPHHU3AIMK 000PYIOBaHUSI 1 OOHOBICHHIO WH-
(pacTpykrypeL.

OKOHOMUS PHEPTUH TaKKe MOXKET OBITh JOCTHUT-
HyTa Ojarojapsi MHTETpalli CUCTEM BO300HOBIIsIC-
MBIX HCTOYHUKOB sHepruu (BUD) ¢ TUM-moaensio.
ComnHeunble nanenu u/wnu apyrue BUD moryT orcie-
s)kuBarbest yepe3 TUM-monens, 4To 03BOIUT yIpas-
JAIOMAM OpPTaHU3AIMUAM ONTUMU3UPOBATH UX IPH-
MEHEHHE W CHU3HUTH 3aBHCHUMOCTH OT AJIEKTPUUIECCKON

mm J{o BHeapenus THUM
= [Jocne BHenpenus TUM

DHepro3arparbl
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cetn. TUM-mozenb 00ecrednT Hel0CTHOE TPeICTaB-
JICHUE O TeHEpalnH, XPAHCHUH B OTPEOICHUN dHEp-
TuH, 410 OyzneT crnocoOcTBOBaTh Oomee 3(h(heKTHBHOMY
VIPaBICHUIO YHEPTETHYCCKUMHU pecypcaMu. JTa UH-
Terpanus He TOJbKO CIIOCOOCTBYET SKOHOMHH 3aTpar,
HO M TTOJ/ICPXKUBAET 1IN YCTOWYHBOTO Pa3BUTHSI, CHU-
JKas yIIepOAHBIN Clie/l 31aHus.

3. TloBbIIeHUE YIOBICTBOPEHHOCTH JKHIIBIIOB.
Omnpockl TOKa3aIy 3HAYUTETFHOE YITyUIIeHHE YIOBIECTBO-
PCHHOCTH >KWIIBIIOB: 3/4 pECIIOHICHTOB OTMETIUTH Ooliee
ObICTpOE pearupoBaHUe M YIydlIeHHEe KOMMYHHKaINH,
9TO MOATBepsKAacTes (puc. 4) u3 uccienosanus [12].

[Ipumenenne TUM cnocoOcTBOBaIO TOBBILIE-
HUIO TPO3PAYHOCTH MPOIECCOB TEXHUIECKOTO 00CITy-
JKUBAHUS, TOCKOJNIBKY COOCTBEHHUKH MOTJIH TONy4YaTh
nH(GOPMAIIHUIO O CTaTyce PEMOHTHBEIX paboT B pealib-
HOM BpPEMEHH. YIIyUIIEHHOE B3aUMOACHCTBUE MEXKIY
YOPaBISIONIUMHI OPTaHU3alUsIMU U COOCTBEHHUKAM
TAaKXe COACHCTBOBAJIO MOBBILIEHUIO YPOBHS JOBEPUS
1 BOCTIPHSITHS Ka4eCTBA YCIYT, KaK 1 OTMEUAeTCs B pa-
6ote [13]. OT3BIBBI COOCTBEHHUKOB TOAYEPKHYIIH BaXK-
HOCTHh CBOCBPEMEHHBIX OOHOBJICHHI, H HHCTPYMCHTBI
KOMMYHHKaluu, npeaoctasisiemble TUM, ceirpanu
B)XHYIO POJIb B YJIOBJIETBOPEHHH dTUX OXKUIaHHH.

[ToMuMO MPO3pavyHOCTH B BOIIPOCAX OOCITYKHBa-
aust, TUM Taxoke 1aroT cOOCTBEHHHMKAM BO3MOYKHOCTH
B3aUMOJEHCTBOBATh C YNPABISIOLIEH OpraHu3anuei
yepe3 nuppoBbie IATGOPMBI, TaKHEe KaK MOOWIBHEIC
MIPUJIOXKEHUSI, KOTOPBIE B PETbHOM BPEMEHH BHOCHIIH
OOHOBJICHHUSI O COCTOSIHUU CHCTEM 3JIaHHsl, TpaduKax
00CITy)KUBaHUS ¥ SHEPronoTpeOieHnu. ITH HU(PPOBbIC
T1aT(OPMBI TTIO3BOJISIIH KHJIBIIAM HAIPSAMYIO COOOIIATh
0 Tpo0JIeMax M OTCIIEKHUBATh WX PEIICHHE, YTO ITOBHIIIA-
JIO UX BOBIICUCHHOCTP U YIOBICTBOPEHHOCTH YCIIyTaMH

40 | == Jlo Buenpenus TUM
mm [Jocne Bueapenuss TUM

(98] w
(e (]

N
[}

[IpoueHT cOOCTBEHHUKOB, %o
—_ )
9 S

(=]

IO YIIPABJICHHUIO HEBIIKUMOCTRIO. MIHTErpaius OT35IBOB
>KubloB B TUM-Mozens Takke moMorasa ynpasJsito-
M Oosiee Y(PPEKTHBHO pelIaTh MPOOIEMBI U aalTH-
pOBaTh YCIyTH MO/ KOHKPETHBIC HY Kbl COOCTBEHHUKOB.

4. Tloseimenue sueprodddexrusaoctu. MuTe-
rparus TYIM moMoria coKpaTuTh SHEPTONOTPEOICHIE
Ha 15 % 3a cyeT ONTUMHU3UPOBAHHOTO MOHUTOPHUHTA
u koHTpois cucteM OBK [14] (pe3ynsraTsl moka3aHbI
Ha puc. 5).

[Ipenocrapnsis AeTaln3upoOBaHHYIO HU(POBYIO
MO/JIeJIb dHEPreTUuUeckux cucteM 3aanus, TUM no-
3BOJIMJIN YIPABIISIIONINM BEISBISATE HEd(PPEKTHBHBIC
YYaCTKU W BHEAPSATH IICJIEBbIC MEPbl. BO3MOXKHOCTH
MOJICTUPOBATH PAa3NIUYHBIE SHEProcOeperammue cle-
Hapuu B cpeae TUM Taxke moamepskuBaia 000CHO-
BaHHOE MPHUHSITHE PEIICHHUH, YTO CIIOCOOCTBOBAIO
JbHEUIIIEMY TOBBIIICHUIO YHEProdHEeKTUBHOCTH.
AHanorn4HbIe 000CHOBAHUS TIPUBOIATCS B CBPOMCH-
CKOM PYKOBOJICTBE?.

DKOHOMHUS YHEPTHH TaK)Ke ObLIa TOCTUTHYTA I10-
cpeactBoM unTerpanuu cuctem BUD ¢ TUM-monenbio.
ConHeynsle anenu u apyrue BUD orcnexxuBanuch
yepe3 TUM, 4To MO3BOJIMIIO YHPABIISIOIINM ONTUMH-
3UPOBATh UX MPUMCHCHUE M CHU3UTH 3aBUCUMOCTH
ot anekrpoceTn. TUM-Monens obecrednia 1eI0CTHOE
MpeACTaBICHUE O TEHepalud, XPaHSHUH U MOTpeO-
JICHUU 3HEPIUH, YTO CIOCOOCTBOBANIO Ooiee hdhek-
THBHOMY YIIPABIICHUIO pecypcaMu. Takass HHTerparust
HE TOJBKO 00ecTeuriIa ’KOHOMHIO, HO U MOJIePKHUBAIIa
L[EJIH YCTOMYUBOTO PAa3BUTHS, COKpAIasi YIIIEPOIHBIN
CIIeT 3aHHUS.

3 Federation of European Heating, Ventilation, and Air Condi-
tioning Associations. Guide to BIM and Building Services. 2021.

Puc. 4. Pe3ynbrars! onpoca yIoBIETBOPEHHOCTH COOCTBEHHHUKOB
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Puc. 5. CpaBHeHHE 5HEpronoTpedaeHus

ITosyueHHbIe pe3yabTaThl CBUAETEIBCTBYIOT, YTO
THUM npenoctaisieT 3HaYUTENbHbIE NMPEUMYIIECTBA
JUISL OTIEPATHBHOTO ympaBieHUs (Tabn. 2), 0coOeHHO
B OTHOILEHUU COKpAIEHUs BPEMEHU OTKIIMKA U CHHU-
KEHMH HKCIUTyaTallMOHHBIX 3aTpar. MHTerpanus gaH-
HBIX B PEaJbHOM BPEMEHH U TPOTHO3HOW aHAIUTUKU
B Monen TYIM cymecTBeHHO yiIydIaeT CliocOOHOCTh
YIPaBISIONIMX TPUHUMAaTh 000CHOBAaHHBIE PEIICHMS,
MO3BOJISASE UM OBITH OOJIEE MPOAKTUBHBIMHU BMECTO I10-
CJICIYIOIEH PEaKIX Ha BBISBICHHBIC OTKA3bI.

[pumenenne TUM Takke CriocoOCTBOBAIIO JTydIlIe-
MY pacHpeelieHHI0 PeCypcoB M YIpaBICHUIO paboyeii
cutoit. KoMaH eI TeX00CTy>)KUBaHUS TIOTy4arOT BO3MOXK-
HOCTh Oosee A(p(heKTHBHO TUIAHUPOBATH CBOM I'paUKH
Ha OCHOBE JIaHHBIX, IIpefocrasieHHbIx THUM-Monensto,
KOTOpasi yYUTHIBaCT MH(POPMALIUIO O COCTOSHUU 000-
PYZOBaHUS, HCTOPUN TEXHUYECKOTO OOCITYXKMBAHUS
U MIpe/NoJIaraeMbIX MOTPEOHOCTSX. DTOT yPOBEHbB JIeTa-
JIU3AIMHU TI03BOJISIET YIPABIISIIONINM BBIICNATH PECYPCHI
Tyrna, TAe OHU HanboJee BOCTpeOOBAaHBI, COKpAIast Mpo-
CTOM MepCOHAJIA U MOBBIIIAS €r0 IPOU3BOAUTEIBHOCTD.
Kpowme Toro, nnTerparys tuppoBbIX KOHTPOIBHBIX CITH-
CKOB M aBTOMAaTHYECKUX HAIIOMHHAHUH 0OecreunBacT
CBOEBPEMEHHOE BBITIOJIHEHHE IUIAHOBBIX PadoT, 4TO TaK-

Taou. 2. OcHoBHBIE TpenMyIiecTBa BHeApeHuss TUM

IIpenmyecTBo

Dddexr

Bpemst orknmka Ha obcmyxuBanue | CokparmieHo Ha 35 %

OKCIUlyaTallUOHHBIC 3aTPaThl Coxparens! Ha 20 %

V0BJIETBOPEHHOCTD JKUJIBIIOB YBenuuena Ha 75 %

[lorpebnenue sHeprun CHmxeHo Ha 15 %

2022 2023

)K€ CIIOCOOCTBYET MOBBIIICHHIO ONEPAIMOHHON 3 pek-
TUBHOCTH, 3TO MOATBEPHKAAETCS U B HccieaoBaHuu [15].

Murerpanus ceHCOpHBIX JaHHbIX ¢ MoaesiMu TUM
o0JerdaeT MporHo3HOe 00CITyKUBAaHUE, MUHUMH3UPYS
BEPOSITHOCTb TIOJIOMOK M TIPOJIJIEBAsi CPOK CITYKOBI KOM-
NOHEHTOB 31aHus. OO aHaJIOTMYHBIX pe3yJbTraTax co-
obmaetcs u B padorax [16, 17].

Ha puc. 6 otobpaskeH nMoTok nHGOpPMAILUK B Cpe-
ne TUM B pexxuMe peanbHOro BPEMEHHU, ITOKa3bIBas,
KaK yNpaBJsoNe HeJBUKUMOCTBIO UCIIONB3YIOT JaH-
HBIE JUISl IPUHATHS PEILIEHUI B 9KCTPEHHBIX CUTYaLUsAX
Y IUTAHUPOBAHHMS TEKYILIETO 00CITyKHBAHHH.

Ha puc. 6 nokazassr:

1. baza mannbix mogenu TUM kak 0CHOBHOM HC-
TOYHUK JaHHbIX.

2. brnok aHanmMTHKN U 00pabOTKM JTaHHBIX, MIPE0d-
Pa3yIOIIHi «CBIPBIS)» JAHHBIE B TTOJIE3HYI0 HH(OPMALIHIO.

3. [Nanens ympaBieHUS HEABMKUMOCTBIO IS J10-
CTyIa MEHE/DKEPOB K OOHOBJICHHUSIM M YBEAOMIICHHAM
B PEaJIbHOM BPEMEHHU.

4. UnTepdeiic komaHIbl 00CITYy:KUBaHHS C IIU(PO-
BbIMU KOHTPOJIbHBIMU CIIMCKaMH M HAIOMHUHAHUSIMHU.

5. OTnenbHBIEC TOTOKM JUIS 3ajia4 TIAHOBOTO 00-
CIY’KUBAHUS U SKCTPEHHOI'O PearupoBaHMs ISl IPU-
OpHUTH3ALMU PAOOTHI HA OCHOBE JAHHBIX.

Pone TUM B coaeiicTBUM COTPYIHUYECTBY MEKIY
3aMHTEPECOBAHHBIMU CTOPOHAMHU CJIOXHO Tepeolle-
HUTh. [IpenocTaBiss HeHTPAIN30BaHHYIO TUIATPOPMY
st oomeHa nHpopmareit, TUM ymydmiaioT KoMMy-
HUKAIUIO0 U KOOPAMHALMIO MEXIY YNPaBISIOIUMH,
TEXHUYECKUMH KOMaHJaMHM, MOAPSAYUKAMU U KHUJIb-
naMu. YKa3aHHbBIH TOAXOMA K COTPYIHHYCCTBY CIIOCO0-
CTBYeT 00€CIIEYeHNI0 OCBEJOMIICHHOCTH BCEX CTOPOH
0 TeKyIIeH NesTeTbHOCTH, CO3AaHuI0 TpaduKOB mpe-
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Amnanutrka
1 00paboTka
JIAHHBIX

<

baza nanHbBIX
TUM-monenu

=

[Tanens
yIpaBICHUAS
00BEKTOM

HuTepdeiic
KOMaH/IbI

3agaun
IUIAHOBOTO
00CITy>KHBaHHS

@) Dran npouecca

00CITyKHBaHUS

3amaun
SKCTPEHHOU
peakunu

Puc. 6. Jloctyn k 1aHHBIM B peaJlbHOM BpEeMEHHU U Ipolecc NpuHsTus pemenuii 8 TUM

CTOSIIIIETO TEXHUYECKOTO 00CITYKMBAHHS M BO3MOYKHBIX
3aTpyAHEHHsIX. B pe3ynbrare 3amHTepecOBaHHBIE CTO-
POHBI OKa3bIBAIOTCS JTy4IIe MOATOTOBICHBI X OJHOBPE-
MEHHO CHIJKACTCSI BEPOATHOCTh KOH(IMKTOB U HEN0-
pazyMeHHM.

Hurerpauus TUM ¢ npyrumu TEXHOJIOTUSIMU, Ta-
knmu Kak [oT, eme GosbIre pacmmpseT BO3MOXHOCTH
THUM. Hanpumep, naruuku loT, BcTpoeHHbIE B CUCTE-
MBI 3/1aHUS, MOTYT IIepeaaBaTh JaHHbIE B PEaJbHOM
BpemeHu B TMIM-monenb, MO3BOJISISL YIPABISIOLIUM
KOHTPOJIMPOBATh MAPAMETPBhI, TAKHE KaK TeMIeparypa,
BIIAKHOCTh M COCTOSIHNE 00opynoBanusi. Takas nHTe-
rpanus MoAAep>KUBACT MPOTHO3HOE O0CTyXHBaHHE,
YBEIOMIISISL YIPABISIOMMUX O MOTEHIUATIBHBIX MPO-
OreMax /10 X Cepbe3HOTO BOSHUKHOBEHHMs. CoueTaHue
THUM u 10T coznaer «yMHYyI0» Cpeqy 3AaHus, [IE pele-
HUSI, OCHOBaHHBIC Ha JAHHBIX, IPUBOMAAT K YITyUIICHHIO
MIPOU3BOIUTEIIEHOCTH U CHIDKCHHIO KCILTyaTallnoOH-
HBIX 3aTpar.

BwMmecTe ¢ TeM nccneoBaHne BEISIBIIIO MPOOIEMBI,
cBsizaHHbIE ¢ BHeApeHrueM THIM, Bkiaroyast BLICOKUE Ha-
YaJIbHBIE 3aTPAThl HA pEalTn3annio 1 He0OX0IUMOCTh
CHEMAIN3UPOBAHHOTO 00yUYeHHs MepcoHaa. 3arpa-
THl Ha MpOrpaMMHOE obecnedeHune, 0OOpyaOBaHHE
1 TIEpPBOHAYAIBHYIO HACTPOWKY MOTYT OKa3aThCs Tpe-
MSATCTBUEM ISl HEOONIBIINX YIPABIISAIONINX KOMIAHUH,
0 YeM CBHUJICTEIILCTBYIOT TAKXKe 3apyOeKHBIC HCCIIE/I0-
Banus [18]. Kpome Toro, ycnemrnoe BHenperne TUM
TpeOyeT M3MEHEHNH B OpraHU3aLMOHHOW KYJIbType
U TIpoIeccax, YT0 MOXKET OBITh TPYTHO OCYIIECTBHUTH
6€e3 CHIILHOTO JINIEPCTBA M YETKOTO BUICHHS TIPOOIIe-
Mbl. HecMOTpst Ha 3TO, 1OJITOCPOYHBIE BBITOABI OT HC-
nonb3oBaHuss TUM, Takue Kak yJlIydylI€HHOE yIpaB-
JICHWE aKTUBaMM W TTOBBIIICHHAS yJIOBJIETBOPEHHOCTD
JKHJIBIIOB, TIEPEBEIINBAIOT HAYAJIbHBIC HHBECTHIINH.

SJAK/IIOYEHUE

OnucaHHOE HMCCIEI0BaHUE MPUBOIUT K BBIBO-
ny, uto uHTerpanus TUM B omepatuBHyI0 paboTy
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YIPaBISIOMINX OPTAaHU3ANUN 3HAYNTEIHHO MOBBIIIACT
3(h(heKTUBHOCTH, CHIDKAET 3aTPAThl M YIIydIIaeT Kade-
cTBO obcmyxuBanus. [Ipenmymecta BHeapenus TUM
B OIIEPATUBHOE YMPABICHUE OUYEBUIHBI: COKPAILICHHUE
BPEMEHH OTKJIMKA Ha 3asiBKH 110 00CIY)KUBAHUIO, YKO-
HOMMUSI 3aTPaT U MOBBILICHNE dHEPTOIPPEKTUBHOCTH.
DTO MOATBEPXKIAETCS U BHIBOJIAMU 3apyOSIKHBIX HCCIIe-
nosareneit [19, 20]. HecMoTpst Ha BBI3OBBI, CBSI3aHHbBIE
C HauaJbHBIMH 3aTpaTaMu U TPEOOBaHHUIMHU K 00ydYe-
HUIO, TOJITOCPOYHbIE BbITobI AenaloT THUM neHHbIM
BJIO)KEHHEM ISl YIIPABIISIOINX OPraHUu3aIiii.

Bynymue uccnenoBaHust JOIKHBI COCPETOTOUUTh-
csl Ha pa3paboTKe CTaHJAPTU3UPOBAHHBIX MPOTPAMM
oOyuenus uist TUM n Ha u3y4yeHUH NoTeHIHa a UH-
terpariun THM ¢ HOBBIMU TEXHOJIOTHUSIMU, TAKUMHU
kaKk [0T u MCKyCCTBEHHBIN MHTEIJIEKT, JUIsl TalibHEH-
mieil ontumuzanuu. Kpome Toro, nansHeimue uccie-
JIOBaHUS OyIyT CONPSDKEHBI C M3yYEHHEM MaclITaboB
npumenenust TUM B HEOONBIINX YIIPABISIONINX KOM-
MaHUSIX U C ONpEIENIEHUEM CTPaTeruy MPEeOoJoJICHUs
BO3MOXHBIX 0aphepoB BHeApeHus. MHTerpamus pac-
IIIPEHHONW aHATMTUKA M MAaIlTMHHOTO 00y4ueHms ¢ TUM
TaKKe MPE/ICTABIIAET HHTEPECHOE HAIIPABJIEHHE JUIS NC-
CIIEZIOBAHUS, UMEsI IOTCHINAN IS TATbHEHIIIEro Mo-
BBIIICHUSI TPOTHO3HBIX BO3MOXKHOCTEH M ONTUMHU3AIMN
SKCIUTyaTaluy 31aHUM.

PazButue crangaptoB u sy4ymux npaktuk TUM
OyZeT nMMeTh peraroliee 3Ha4eHUe AJIs TOr0, YTOOBI
YIPaBIAOMINE KOMIIAHUU MOTJIU B IIOJIHON MEpe peau-
30BaTh MOTEHIMANT 3TOH TeXHONOTHH. COTPYIHUYECTBO
MEXy MPEACTaBUTENIAMU OTPACTH, aKaAeMUICCKUMHU
YUIPEXKACHUSIMH U TOCYAaPCTBEHHBIMH OpraHaMH ChI-
rpaeT KIYEeBYIO POJb B MPOABHKEHHUN MHHOBAIIUN
W YCTaHOBJICHUH PYKOBOJSIINX MPUHIUIIOB, CIIOCO0-
CTBYHOIIUX WUpokoMy BHeapeHutro THM Ha sTame
SKCIUTyaTanuu 3aaHuid. Baeapss TUM, ynpasnstomue
OpraHu3aluy MOTYT co3JaBarh Ooiee d3PEeKTHBHEIE,
YCTOWYMBBIE U THOKHE YCIOBUSI, OTBEUAIOIUE MEHSIIO-
IIAMCSI TOTPEOHOCTSM JKMJIBLIOB U 3aHHTEPECOBAHHBIX
CTOPOH.
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INTRODUCTION

Property management, particularly for residential
buildings, is becoming an increasingly complex process
that requires the integration of modern technologies to
enhance efficiency and sustainability. The digitalization
of housing and utilities (H&U) is one of the develop-
ment priorities in the Russian Federation' [1, 2], as
well as globally [3—5]. Building Information Modelling
(BIM) represents a technological breakthrough capable
of transforming traditional operational management
methods [3]. The digitalization of H&U enables the in-
tegration of interaction processes and reporting at all
management levels within a unified information envi-
ronment. By providing a comprehensive digital repre-
sentation of the built environment, BIM facilitates real-
time decision-making, reduces information barriers, and
improves coordination among stakeholders [4].

The implementation of BIM technologies is par-
ticularly relevant under increasing requirements for
sustainability, energy efficiency, and optimized build-
ing functionality. BIM offers an integrated solution
covering various aspects of property management, from
maintenance and repairs to tenant interactions and en-
ergy consumption monitoring [5]. Additionally, BIM
provides a platform for proactive maintenance, allow-
ing management organizations to predict potential is-
sues before they escalate, thereby reducing downtime
and associated costs. Consequently, understanding
the impact of BIM on operational efficiency is crucial
for management organizations striving to maintain
competitiveness in a rapidly evolving market.

The primary objective of this study is to assess
the impact of BIM technologies on operational effi-
ciency in property management. Specific tasks include
evaluating the contribution of BIM to maintenance task
optimization, improving resource allocation, and en-

! Plan of Measures (“Roadmap”) for the Use of Building Infor-
mation Modelling Technologies in the Design and Construc-
tion of Capital Construction Projects, as well as for Stimulating
the Use of Energy Efficient and Environmentally Friendly Ma-
terials, Including the Need for Their Production in the Russian
Federation). Order from 20.12.2021 No. 3719 1.
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hancing data accuracy. The research hypothesis posits
that integrating BIM into property management activi-
ties can lead to more efficient decision-making and re-
duced operational costs. By analyzing both qualitative
and quantitative data, the study aims to develop a com-
prehensive understanding of how BIM can enhance
overall management processes and create tangible ben-
efits for stakeholders [6].

Furthermore, the study examines the role of BIM
in improving relationships among building operation
stakeholders, including property managers, technical
personnel, and residents. Effective interaction is essential
for successful management, and BIM’s ability to serve
as a centralized data repository contributes to transpa-
rency and accountability. This also applies to the impact
of BIM on energy consumption management, focusing
on how BIM can be utilized to monitor and optimize
energy use, promoting the sustainable development
of the built environment.

MATERIALS AND METHODS

This study employs a mixed-method approach that
combines qualitative and quantitative analysis. Data
were collected through a series of case studies involving
management companies that have implemented BIM in
their operations. The research was conducted between
2022 and 2024 as part of a master’s thesis prepared at
NRU MGSU and included surveys of management or-
ganizations, technical personnel, and other stakehold-
ers involved in residential building operation. The case
studies provided detailed insights into the practical
application of BIM and its impact on operational effi-
ciency.

Quantitative data were obtained from operation-
al performance indicators recorded before and after
the implementation of BIM technologies. The ana-
lyzed indicators included response time to maintenance
requests, repair costs, tenant satisfaction levels, and
energy consumption data [7]. These metrics were se-
lected to create a comprehensive view of operational
efficiency, covering both financial and non-financial as-
pects of property management. For instance, response
time to requests was measured in hours, while tenant
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Table 1. Summary of Data Sources and Methods
Data Type Source Method
Quantitative Maintenance records Statistical tests
Qualitative Stakeholder interviews Thematic analysis
Mixed Tenant surveys Descriptive statistics

satisfaction was assessed on a scale from 1 to 5. Energy
consumption data were obtained from building manage-
ment systems integrated with BIM, enabling real-time
monitoring and historical data analysis.

Qualitative data were gathered through in-depth
interviews with key stakeholders to understand per-
ceptions of the benefits and challenges associated with
BIM implementation in operational management. In-
terview questions focused on aspects such as changes
in workflow efficiency, communication improvements,
and overall impact on tenant satisfaction. Additionally,
focus group discussions were conducted with technical
teams to collect feedback on BIM tools, including ease
of information access and influence on daily tasks.

The study’s analytical framework included sta-
tistical analysis of quantitative data and thematic
analysis of qualitative interview data. Statistical anal-
ysis involved paired t-tests to assess the significance
of observed changes [8], while qualitative analysis
was performed using NVivo software to categorize and
interpret interview responses. The mixed-method ap-
proach ensured a comprehensive understanding of both
measurable outcomes and subjective experiences re-
lated to BIM adoption [9]. The combination of quanti-
tative and qualitative data allowed for a more detailed
assessment of BIM’s impact on operational efficiency.

To enhance data reliability, triangulation was ap-
plied, utilizing multiple data sources and approaches to
cross-validate results, thereby increasing the validity
of findings. By integrating survey data, interviews, and
performance indicators, efforts were made to conduct
a balanced and well-founded analysis of BIM imple-
mentation outcomes. Additionally, observational data
were collected through site visits to better understand
the daily use of BIM tools by technical personnel and
management staff. These observations provided con-
textual information that complemented the quantitative
metrics and qualitative interviews.

The methodology also included a comparison
of BIM implementation with traditional management
methods by analyzing a control group of management
organizations that had not yet adopted BIM. This ap-
proach provided a clearer understanding of the benefits
and challenges associated with BIM use in the opera-
tional phase. The comparative analysis helped identify
areas where BIM delivered the most significant im-
provements, as well as areas where traditional methods
retained certain advantages.

By tracking changes over an extended period,
trends and improvements that may not have been im-
mediately apparent were recorded. This approach also

allowed for an assessment of the sustainability of BIM
benefits, including the potential for maintaining or en-
hancing initial improvements in efficiency, cost savings,
and tenant satisfaction over time. The longitudinal as-
pect of the study was crucial for understanding the dy-
namics of BIM integration and its long-term viability as
a tool for operational management.

The use of both qualitative and quantitative data en-
abled triangulation, increasing the reliability of findings.
The mixed-method approach also facilitated the iden-
tification of patterns that may not have been evident
from a single data source (Table 1). For example, while
quantitative data indicated a reduction in maintenance
costs, qualitative data revealed that maintenance staff
found BIM tools useful for more effective task planning
and prioritization.

The methodology also examined the use of Geo-
graphic Information Systems (GIS) in conjunction with
BIM to enhance the spatial analysis of real estate as-
sets. GIS was integrated with BIM models to visualize
the geographic distribution of maintenance needs and
resource allocation, thereby providing a more compre-
hensive view of the operational landscape. This integra-
tion enabled management organizations to optimize lo-
gistics, such as deploying maintenance teams to various
locations based on spatial proximity and task urgency.

Furthermore, the study considered the training
and adaptation processes necessary for the successful
implementation of BIM. Detailed records of training
sessions — including participant feedback and skill
assessments — were analyzed to assess the effective-
ness of various training approaches. This analysis un-
derscored the importance of practical, scenario-based
training to ensure that personnel fully comprehend
the real-world applications of BIM tools in their daily
tasks. The findings indicated that well-structured train-
ing programs were essential for overcoming resistance
to change and ensuring that all team members acquired
the competencies required for effective use of BIM
technologies.

RESULTS AND CONCLUSION

The results demonstrate that the implementation
of BIM technologies (see Fig. 1) significantly enhances
the operational efficiency of property management.

These findings are supported by the following key
results:

1. Reduction in Response Time for Maintenance
Requests. The ability of BIM to provide up-to-date and
comprehensive information on building asset conditions
resulted in a reduction of response time by approximate-
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Fig. 1. BIM Integration Scheme in Property Management

ly one-third, which corresponds to a 35 % improvement
compared to traditional methods [10] (see Fig. 2).

This improvement is attributed to the centralized
access to detailed information about building systems,
which enables technical personnel to identify and resolve
issues more rapidly?. Moreover, the integration of mobile
devices with BIM models allowed maintenance teams to
access and update information on-site, further reduc-
ing response times. Staff reported that remote access to
building data via tablets or smartphones was a significant
advantage, particularly in emergency situations.

BIM also provided maintenance teams with access
to historical data, which helped identify recurring is-
sues and implement long-term solutions. This proactive
maintenance approach not only reduced response times
but also contributed to a decrease in overall mainte-
nance costs by minimizing the frequency of repeated

2 BuildingSMART International. IFC Standards for BIM.
2020
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failures. The integration of predictive analytics further
enhanced maintenance efficiency by enabling property
managers to anticipate potential failures and schedule
preventive maintenance.

The digital asset management capabilities pro-
vided by BIM also played a crucial role in optimizing
maintenance operations. By maintaining an up-to-date
digital inventory of building components, managers
could easily monitor the condition of various assets,
such as heating, water supply, and drainage systems
(HVAC), elevators, and fire safety equipment. This
level of detail facilitated more effective planning and
resource allocation, ensuring that critical components
received necessary attention before severe issues arose.
Additionally, the integration of building automation
systems with BIM enabled automatic monitoring and
early detection of operational deviations, significantly
reducing response times.

2. Cost Reduction. Analysis revealed a 20 % de-
crease in operational costs, attributed to more efficient

After BIM

Fig. 2. Maintenance Response Time Before and After BIM Implementation

152



The impact of building information modelling (BIM) technologies on the efficiency of opera-

P. 141-157

tional management of property management organizations

200,000
175,000
150,000

125,000

$

100,000}

Costs

75,000
50,000

25,000}

0 .
Maintenance costs

Fig. 3. Cost Analysis of Operational Management

maintenance planning and optimized resource allocation
via BIM models (Fig. 3). Predictive maintenance, based
on historical data and sensor information, enabled BIM
to minimize unexpected breakdowns and costly emer-
gency repairs. Similar results were reported in [11].

Cost savings were also achieved through improved
energy management. BIM models integrated with build-
ing management systems allowed property managers to
monitor energy consumption in real time, identify in-
efficient zones, and implement targeted energy-saving
measures. For example, automatic control of HVAC
systems based on occupancy data helped reduce energy
losses during off-peak hours. The ability to simulate
various energy efficiency scenarios within a BIM en-
vironment enabled management organizations to make
informed decisions regarding equipment upgrades and
infrastructure improvements.

Additionally, energy savings could be realized
through the integration of renewable energy systems with
BIM models. Solar panels and/or other renewable energy
sources can be monitored via BIM, allowing management
organizations to optimize their usage and reduce reliance
on the electrical grid. The BIM model provides a compre-
hensive overview of energy generation, storage, and con-
sumption, thereby facilitating more effective management
of energy resources. This integration not only contributes
to cost savings but also supports sustainability objectives
by reducing the building’s carbon footprint.

3. Enhanced Tenant Satisfaction. Surveys indi-
cated a significant improvement in tenant satisfaction;
approximately 75 % of respondents reported faster
response times and improved communication, as con-
firmed by [12] (Fig. 4).

The use of BIM contributed to increased transpar-
ency in maintenance processes, as tenants were able
to access real-time information on the status of repair
work. Improved interactions between management
organizations and tenants further enhanced trust and
the perceived quality of services, as noted in [13]. Ten-

mm Before BIM
mm After BIM

Energy costs

ant feedback emphasized the importance of timely up-
dates, and the communication tools provided by BIM
played a key role in meeting these expectations.

In addition to transparency in maintenance issues,
BIM also provides property owners with the ability
to interact with the management organization through
digital platforms, such as mobile applications, which
update in real time on the status of building systems,
maintenance schedules, and energy consumption. These
digital platforms allow residents to directly report prob-
lems and track their resolution, increasing their engage-
ment and satisfaction with property management ser-
vices. Integrating resident feedback into the BIM model
also helps managers more effectively address issues and
tailor services to the specific needs of owners.

4.Improving Energy Efficiency. BIM integration
helped reduce energy consumption by 15 % through
optimized monitoring and control of HVAC systems
(similar results are shown in Fig. 5 from [14]).

By providing a detailed digital model of the building’s
energy systems, BIM enabled managers to identify ineffi-
cient areas and implement targeted measures. The ability
to model various energy-saving scenarios in the BIM envi-
ronment also supported informed decision-making, further
contributing to energy efficiency improvements. Similar
justifications are provided in the European Guide®.

Energy savings were also achieved by integrating
renewable energy systems with the BIM model. Solar
panels and other renewable energy sources were moni-
tored through BIM, allowing managers to optimize their
use and reduce dependence on the power grid. The BIM
model provided a holistic view of energy generation,
storage, and consumption, promoting more efficient re-
source management. This integration not only ensured
savings but also supported sustainability goals by re-
ducing the building’s carbon footprint.

3 Federation of European Heating, Ventilation, and Air Condi-
tioning Associations. Guide to BIM and Building Services. 2021.
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Discussion the obtained results indicate that BIM
provides significant advantages for operational manage-
ment (Table 2), particularly in reducing response time
and lowering operating costs. Real-time data integration
and predictive analytics in BIM models significantly
enhance managers’ ability to make informed decisions,
allowing them to be more proactive rather than reactive
to identified failures.

BIM implementation also contributed to better re-
source allocation and workforce management. Mainte-
nance teams gained the ability to plan their schedules

154

2022 2023

more effectively based on data provided by the BIM
model, which considers equipment status, mainte-
nance history, and projected needs. This level of detail
allows managers to allocate resources where they are
most needed, reducing staff downtime and increasing
productivity. Additionally, integrating digital checklists
and automatic reminders ensures timely completion
of scheduled work, further enhancing operational effi-
ciency. This is also confirmed in [15].

Integrating sensor data with BIM models facili-
tates predictive maintenance, minimizing the likelihood
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Table 2. Key benefits of BIM implementation

Benefit Effect
Response time to service requests Reduced by 35 %
Operating costs Reduced by 20 %

Resident satisfaction Increased by 75 %

Reduced by 15 %

Energy consumption

of failures and extending the lifespan of building com-
ponents. Similar results are reported in [16, 17].

Fig. 6 illustrates the flow of information in a real-
time BIM environment, showing how property manag-
ers use data for decision-making in emergencies and
routine maintenance planning.

The figure depicts:

1. The BIM model database as the primary data
source.

2. The data analytics and processing unit, convert-
ing raw data into useful information.

3. The property management dashboard for man-
agers to access updates and real-time notifications.

4. The maintenance team interface with digital
checklists and reminders.

5. Separate workflows for planned maintenance
and emergency response to prioritize work based
on data.

The role of BIM in facilitating collaboration
among stakeholders cannot be overstated. By provid-
ing a centralized platform for information exchange,
BIM enhances communication and coordination among
managers, technical teams, contractors, and residents.
This collaborative approach ensures that all parties are
informed about ongoing activities, upcoming mainte-
nance schedules, and potential issues. As a result, stake-
holders are better prepared, and the likelihood of con-
flicts and misunderstandings is reduced.

The integration of BIM with other technologies,
such as IoT, further expands BIM’s capabilities. For
example, IoT sensors embedded in building systems
can transmit real-time data to the BIM model, allowing
managers to monitor parameters such as temperature,
humidity, and equipment condition. This integration
supports predictive maintenance by notifying managers

BIM model
database

=

Data
analytics &
process unit

l

of potential problems before they escalate. The combi-
nation of BIM and IoT creates a “smart” building envi-
ronment where data-driven decisions lead to improved
performance and reduced operational costs.

At the same time, the study identified challenges
associated with BIM implementation, including high
initial costs and the need for specialized staff training.
The expenses for software, hardware, and initial setup
can be a barrier for smaller management companies, as
also indicated by foreign researchers [18]. Additionally,
successful BIM implementation requires changes in or-
ganizational culture and processes, which can be difficult
to achieve without strong leadership and a clear vision.
Despite these challenges, the long-term benefits of using
BIM, such as improved asset management and increased
resident satisfaction, outweigh the initial investment.

CONCLUSIONS

This study concludes that integrating BIM tech-
nologies into the operational work of management or-
ganizations significantly improves efficiency, reduces
costs, and enhances service quality. The benefits of BIM
implementation in operational management are evident:
reduced response time for maintenance requests, cost
savings, and increased energy efficiency. These conclu-
sions are also supported by findings from international
researchers, as reflected in [19, 20]. Despite the chal-
lenges related to initial costs and training requirements,
the long-term advantages make BIM a valuable invest-
ment for management organizations.

Future research should focus on developing stan-
dardized BIM training programs and exploring the po-
tential for integrating BIM with emerging technologies
such as [oT and Al for further optimization. Additional-
ly, future studies will need to examine the scope of BIM
adoption in smaller management companies and deter-
mine strategies for overcoming possible implementa-
tion barriers. The integration of advanced analytics and
machine learning with BIM also presents an intrigu-
ing avenue for further research, with the potential to
enhance predictive capabilities and optimize building
operations.

]

Property
management
dashboard

Maintenance
team

Routine
maintenance
task

@) Process step

interface

Emergency
response

Fig. 6. Real-time data access and decision-making process in BIM
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The development of BIM standards and best prac-
tices will be crucial for management companies to fully re-
alize the potential of this technology. Collaboration among
industry representatives, academic institutions, and gov-
ernment agencies will play a key role in driving innovation

and establishing guidelines that promote the widespread
adoption of BIM in building operations. By implement-
ing BIM, management organizations can create more ef-
ficient, sustainable, and adaptable environments that meet
the evolving needs of residents and stakeholders.
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