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Annomauusn

Llenv. Buisigums 3¢phekmueHocms cOBMeCmHO20 UCHONb308AHUSA AN20PUMMO8 MAUUHHO20 0DYUEHUs U meX-
Honoeuu BIM 6 apxumeKkmypHotl, UHIHCEHEePHOU U CIPOUMENbHO OMPACAAX, 05 Y8eluteHus Npou3Bo0UmenbHo-

cmu.

Memoouxa. ﬂ]lﬂ peuterusl nocmaelenHnblx 30044 UCNONB308ANCA KOMNAEKCHbIL NOOX00 C npumeHenuem 00-
WEHAYYHbIX U CneyuailbHblX Memo008 UCCied08anull — meopemuiecKux (aHa/zu3, 06bﬂCH€Hue, 06061/{467-114@, cpae-

HeHue).

Pesynomameui. Ilpoananuzuposansvt nayunvie oannvle 3apybedcHvix yuenvix. llposedennoe uccrnedosanue
HO380UN0 ONPedeunb NPAKmu4ecKyio 3QPHexmueHocms COBMeCMHO20 UCHOIb308AHUS AN20PUMMO8 MAUUUHHOZO0
o6yuenus u mexronozuu BIM 6 apxumexkmypHoil, uHdiceHepHoU U CMpOoumenbHoll OMpacisx, OJis Yeeauy eHus npo-

U3B00UMENILHOCHI.

Ipakmuueckas 3nauumocms. Pesynomamol ucciedosanuii no3eoasom 060cHogams sghgexmusnocms boee
WUPOKO20 6HEOPEHUS ANROPUMMOB MAUUHHO20 00yyenus u mexronocuu BIM 6 apxumexkmypHyro, undiceHepryio u
CMPOUMENbHYIO OMPAciu, 01 y8eIUYeHUs NPOU3B0OUMENbHOCTIU.

Abstract

Objective. To identify the effectiveness of the combined use of machine learning algorithms and BIM tech-
nology in the architectural, engineering and construction industries to increase productivity.

Methodology. To solve the tasks, an integrated approach was used with the use of general scientific and
special research methods - theoretical (analysis, explanation, generalization, comparison).

Results. Scientific data of foreign scientists were analyzed. The conducted study made it possible to determine
the practical effectiveness of the combined use of machine learning algorithms and BIM technology in the archi-
tectural, engineering and construction industries to increase productivity.

Practical significance. The research results allow us to justify the effectiveness of a wider implementation of
machine learning algorithms and BIM technology in the architectural, engineering and construction industries to

increase productivity.

Knrouesnvte cnosa: mawunnoe o6yquue, apxumexkmypd, CmpoumenbCmeo, UHIICEHEPUs, HayKa O aaHHblx, UH-
@opmayuonnoe mooeruposanue 30anull, UCKYCCMBEEHHbLI UHMEILIeK.
Key words: machine learning, architecture, construction, engineering, data science, building information

modeling, artificial intelligence.

Huskasgs npowW3BOAMTENBHOCTh Kak CJIEACTBHE
ME/JICHHOTO BHEAPEHHS HN(POBBIX TEXHOJIOTHH SIBIIS-
I0TCS TJI00aNbHBIMU TIPOOJIEeMaMH B apXUTEKTYPHOH,
UH)KEHEPHOU U CTPOUTENbHOM oTpacisx [1, c. 1].

WHdopManmoHHOE  MOAENIMPOBaHUE  31aHHUH
(BIM) — 5T0 TeXHOJIOTHSI TPEXMEPHBIX HHTEIUICKTYalb-
HBIX Mojeneil — HUQpPOBBIX IBOHHUKOB 0OBEKTOB MH-
(hpacTpyKTypsl, HOCTENIEHHO BHEApAEMas MO BCEMY
MHUpY, U KaK OKHIAeTCS B CKOpPOM OyAyIIeM 3Haudu-
TEJBHO TOBBICHUT MPOU3BOIUTENFHOCTh B apXUTEKTYP-
HOM, MTH)XEHEPHOH! U CTPOUTENIBHOM oTpacisix. Moaenu
BIM coaepxat uHpOpMaIHio 0 GU3HIECKUX U (QyHK-
[IMOHAJIBHBIX XapaKTEePUCTHK OOBeKTa HHPACTPYK-
Typbl. BKiTtodast He TOJNBKO T€OMETPHYECKYI0 HH(OP-
MaIHI0, HO ¥ TAKXKE MOXKET COJIEpkKaTh pa3IUUHbIE CIIe-
mudukayMy, TOYHBIE JAaHHBIE O TOM M3 Kakoro
MaTepHasa U3roTOBIECHO 3[JaHNe, COOPYKEHHUE UIH JIF0-

6011 1pyroit 00beKT HHGPACTPYKTYPHI, BKIFOYas Ha3Ba-
HUE NIPOU3BOJUTEIIS MaTepuasa U TapaHTUHHBIN CPOK.
3a cuer 3TOro ¢ moMoms Mozaenei BIM mMoxHO 3¢-
(EeKTHBHO yNpPaBIsTE OOBEKT HMHQPPACTPYKTYpHI, Ha
MPOTSDKEHUH BCETO €ro KM3HEHHOTo nukia [1, c. 2-3;
2,c.1-3].

MammHHOe 00y4eHHE SBIISETCS MO IMHOKECTBOM
HCKYCCTBEHHOTO MHTEIJICKTa, KOTOPOE YUUTHCS U CO-
BEPIIEHCTBYETHCSA Ha OCHOBE ONBITA, MCIIOIB3YET CTa-
TUCTUYECKHE AITOPUTMBI AJIS aHaIHU3a OOIBIINX 00be-
MOB JIaHHBIX, OOY9YECHHS Ha OCHOBE ITOJIyUYEHHBIX 3Ha-
HUH U OpUHATHA 00OCHOBAHHBIX PEIICHUH. Y CIIENIHO
NIPUMEHSETCS B ApXUTEKTYPHOH, MHXXEHEPHOU U CTPO-
UTENIBHON OoTpacisix. MiMeeT mHUpoKyro (HyHKIMOHAIb-
HOCTbh KOTOpasi BKJIIOYaeT 00pabOTKy €CTECTBEHHOTO
sI3bIKa, KOMITBIOTEPHOE 3pPEHUE, PAclO3HaBaHHUE PEdU
[3,c. 1-3;4,c. 1-4].
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MeToabl MamIMHHOTO OOYYCHHS JUIS MOJEJCH
BIM mmeer GonbIION MOTEHIHAN U Pa3BUTHA. Tak
HallpUMep MIMPOKOE pPACIpPOCTPaHEHHE MOIYIHiIa
MPaKTUKA WCIIONB30BAaHMUS MAIIMHHOTO OOYUEHUS IUIS
cozmanms 3-D mopneneit BIM. CyTs mporecca 3aKimo-
gaeTcsi B O0NbII0i 3()(EeKTHBHOCTH MAIIMHHOTO 00Y-

YeHUs! co3/laBaTh TO4HOIO Mozenb BIM moboro 00b-
exTa HHPPACTPYKTYpHI. i1 3TOro He0OX0AMMO TIOITY-
YUTH 00JIAKO TOYEK PHCYHOK 1, TOTO WM MHOTO CyIIe-
CTBYIOIIET0 00beKTa HHPPACTPYKTYPHL. UTO pemaemo
mocpencTBoM ucronb3oBanus BITJIA ¢ doroxamepoit
BBICOKOTO pasperteHus [5, c. 32-34].

Puc. 1. I[Ipoyecc obpabomku CHUMKO8 30anus (6epxHue omo) ¢ nomowpio areopumma (Hudxcrue pomo) [6]

Taxk e 3710T moxo 3 dexrrBer Wi cozaanus 3D
BIM mopzeneli 00beKTOB MHIKEHEPHON HHPPACTPYKTYPHI,
PHUCYHOK 2 U1 3.

Puc. 2. BIIJIA 3anemaem ¢ mpy!

A SR
6y u npouzeo0um cvemxy [1

Puc. 3. I[Ipoyecc 3D Moaeﬂupaeauuﬂ clle6a Ha npaso MeKcmypvl GHYmpu CMeHoK mpyoonpogoda 0o 06pabo-
MKU; MEeKCmypobl CMeHoK mpybonpogoda nocie obpabomru [1]

PasnuuHble aNTOpUTMBI MAaIIMHHOTO OOy4YeHHS,
TaKye KaK UCKYCCTBEHHBIE HEHPOHHBIE CETH, OTIOPHBIE
BEKTOPHBIE MalIMHbBI, U 0alieCOBCKHE HEHPOHHBIE CETH,
3(heKTUBHBI IS MPOTHO3UPOBAHMS [I€H Ha HEIBHKH-
MOCTB. UTO TaK ke, MO3BOJISIET MOJTy4aeTh JaHHBIE CTO-
MMOCTH KaK CTPOSIIEHCS HEIBHKUMOCTH TaK U JIaBHO
BBEJICHHOM B OKCIUTyaTallHIO B TCYEHUN BCETO KU3HEH-
HOTO IIMKJIa 00bEKTa HEIBUKUMOCTH.

st oOydeHHWs] HHTEUIEKTYaJIbHOH MOJIENH
OIICHKH HEABIDKUMOCTH IIMPOKOE PacIpOCTpaHCHUE
TOJIYYIHMJT METOJ] aHCamMOJIeBOTO OOydeHUs, KOTOPBIH
OCHOBBIBAaETCSI Ha HECKOJIBKHX aJTOPUTMAax MaIlWH-
HOTO 00ydeHus. UTO MO3BOISIET JOCTHYB BEICOKOM TOU-
HOCTH TNpPOTHO3upoBaHusa. CTPYKTypa JaHHBIX aJro-
pUTMa aHCaM0JIeBOTO OOy4YeHHS NPEJCTaBiIsIeT co0on
JIepeBO peleHuii, pucyHok 4 [8, c. 4-5].
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Pucynox 4 Cmpyxmypa u pabouuii npoyecc mooenu ancamobneso2o obyuenus [8, c. 5]

Kax BUAHO M3 BBIIIC H3JIOKCHHOTO MaTcpuala,
COBMCCTHOC HMCIIOJIb30BaHUSA aJITOPUTMOB MAIlIMHHOTO
o0yuenust u Mojaeneil BIM mokasbiBaeT UX BBICOKYIO
3G (PEeKTUBHOCTE B apXUTEKTypHOM, WH)KCHEPHOW U
CTPOUTENIbHOM oTpacisx. O0e TEXHOJIOTUH TOTIOTHSIOT
JpYT Apyra, 4To MO3BOJISIET MAacIITa0UpOBaTh IHdpo-
BU3allUIO OTpaCJ'Ieﬁ M KaK CJICACTBHUC YBCIIMYUTHL HUX
MNPpONU3BOAUTCIBHOCTD. I[aHHO HCCIICAOBAHUA HMECCT
JATEHEHINTII TOTeHITHAN AJIs Pa3BUTHS, TaK KaK HE00-
XOAUMO CPABHUTH U3YyYaTb Oonee HIUPOKOC COBMECT-
HOE BHeIpeHHEe 00enX TEXHOJOTHIA B apXUTCKTYPHYIO,
HHXEHEPHYIO U CTPOUTENBHYIO OTPACIIH.

Cnucok uTepaTrypsl

1. Ishizawa T. BIM Steering Force — Devising
a Data-Driven Approach to Identify Key Factors to Pro-
mote Cooperative BIM in Large-Scale Projects. March
2022. DOI: 10.13140/RG.2.2.13658.62401.

2. Kim H.M., Jeon J. BIMS| =22 Ols
=M 2op#ot ofL|2t AA A (Architecture,
Engineering and Construction) £0F ™ At 2
288 8% ot=1t 0= HAFHAAREAL| BIM
ZE 43 BIM O L| X Sghof| 2+5t A7 [A Study

on the BIM Team Structure and the Role of BIM Man-
agers of Architectural Firms in Korea and United States

through Social Network Analysis]. Journal of the Ar-
chitectural Institute of Korea Planning & Design, 2024,
vol. 40, no. 9, pp. 103-114. DOI:
10.5659/JAIK.2024.40.9.103.

3. Johansson R. Machine Learning. In: Numerical
Python, 2024, pp. 365-384. DOI: 10.1007/979-8-8688-
0413-7_15.

4. Perepu S.S. Machine learning. November 2024,
New York Institute of Technology.

5. Aghabayli A. Machine Learning Applied to
Building Information Models. September 2021. DOI:
10.13140/RG.2.2.21936.48643.

6. Li L., Chen J., Su X., Nawaz A. Advanced-
Technological UAVs-Based Enhanced Reconstruction
of Edges for Building Models. Buildings, 2022, vol. 12,
no. 8, pp. 1-5, 17-18. DOI: 10.3390/build-
ings12081248.

7. Chen X., Zhu X, Liu C. Real-Time 3D Recon-
struction of UAV Acquisition System for the Urban
Pipe Based on RTAB-Map. Applied Sciences, 2023,
vol. 13, no. 24, pp. 1-11. DOI: 10.3390/app132413182.

8. Su T., Li H. BIM-based machine learning en-
gine for smart real estate appraisal. In: Proceedings of
the Conference, October 2020. DOl:
10.1201/9780367823085-12. School of Engineering,
Cardiff University, Cardiff, United Kingdom.



