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BUKOPUCTAHHSA IITYYHOI'O IHTEJIEKTY
JJIA NIIBUINEHHA AKOCTI BIM-ITIPOEKTYBAHHA

Anomauisn

Beryn. ¥V cydacHoMy OyaiBHMITBI HH(POBi3alliss MPOILECY NPOEKTYBAHHS CTa€ KIOYOBUM
YUHHAKOM TiABUINEHHS €(pEeKTUBHOCTI Ta KOHKypeHTocpoMoxkHOCTi. Texnomorii Building Information
Modeling (BIM) 3a0e3neuytoTs KOMIUIEKCHE YNpaBJiHHA JaHHUMH Ha BCIX €Tamnax >KUTTEBOTO IHKITY
00’€KTa, OJJHAK iX TIOTEHITIaT MOXKe Oy TH 3HAYHO PO3IIMPEHUH 3aBIKU IHTETpallii IHCTPYMEHTIB ITYYHOTO
inTenekry (II).

IIpobnemaTuka. Ilonmpm mmpoke BopoBamkeHHs BIM, 3HadHa dYacTWHA NPOEKTHHX PillleHb
3QTUIIAETHCS TPYAOMICTKOI Ta CXWIBHOK JI0 MOMMJIOK Yepe3 HEOOXITHICTh OIpAIfOBaHHS BEIMKHX
oOcsriB iHGopMariii BpydHy. Hu3bka SKICTh BHXITHHX JaHHWX, HEIOCKOHANICTb KOOPAMHAINT MiX
BHUKOHABIISIMH Ta HEJOCTaTHS aBTOMAaTH3allis aHATITUIHUX OIepalliii MPU3BOIATH A0 3aTPUMOK, 3pOCTAHHS
BapTOCTi Ta PU3HKIB y MMPOEKTYBAHHI.

Merta. JlocmiauTH MOKIMBOCTI 3aCTOCYBaHHSI QJITOPUTMIB IITYYHOTO iHTENEKTY Ul MiABHIICHHS
TOYHOCTI, MBUAKOCTI Ta HamiHHOCTI BIM-TIpo€KkTyBaHHS, a TaKOX BH3HAYHTH €(DEKTHUBHI IMIIXOIU IO
iarerpauii LI y crangapTHI NpOEKTHI Oi3HEC-TIPOLIECH.

Martepianu i meronu. Y poOOTi BHKOPHCTAHO METOAHM TEOPETUYHOTO Y3arajJlbHEeHHA M aHami3y
HayKOBUX IyOmikamliii, MOpPIBHAHHS NPaKTHYHOTO JOCBiAYy 3aCTOCYBaHHS HEHPOHHUX MEpEeXK Y
MO/IETTIOBaHHI Ta 00pOOIIi JAHMX, a TAKOK MOPIBHSUIBHY OIIHKY IHCTPYMEHTIB MAITMHHOTO HaBYaHHS II[0JI0
ix 3maTtHOCTI aBTOMaTM3yBaTH pyTHHHI onepanii BIM-npouecis. Jocnimkeno keticu Bukopuctanns LI B
aBTOMAaTHYHINA Kiacudikamii eIeMeHTIB, MONIyKy KOJi3if, MPOTHO3yBaHHI IOKa3HUKIB €(EeKTUBHOCTI
OyIiBEIIEHUX CHUCTEM.

Pesynbratn. BusiBneHo, MmO airopuTMH TIAMOMHHOTO HABYaHHS MiJIBUINYIOTH TOYHICTh
MOJICJIFOBAHHS [IUIIXOM aBTOMAaTHYHOTO BUIIPABICHHS MOMUJIOK, ONTUMI3allii MapaMeTpUYHUX pillleHb Ta
THTEJIeKTyabHOT KOOpAMHAIIT MiXK Pi3HHUMU nucnuIutiHamu. 3actocyBanHs LI 103BoUTE CKOPOTUTH Yac
Ha BUKOHAHHS OKPEMHMX MIPOEKTHUX ONEPaLiil, a TAKOXK MiIBUILINTH AKICTh JAHHUX, III0 BUKOPUCTOBYIOTHCS
IiJ] YaC MOJICIIOBAHHS Ta aHaJli3y.

BucHoBku. InTerpamnis mrygHoro inTenekty y BIM-npoekTyBaHHS € MEpCHEKTHBHUM HAIPSIMOM
PO3BUTKY IU(PPOBUX TEXHOJOTIH OYIIBHUIITBA, IO CIPHUSE ABTOMATHU3AIlil MPOIECIB, 3MEHIICHHIO
KUTBKOCTI TTOMHJIOK 1 ONTHMIi3aIlii MPOEKTHUX pillleHb. 3aCTOCYBAaHHS IHTEIEKTYaIbHUX alTOPUTMIB
JI03BOJISAE MIABUIIUTH SAKICTh MOJACTIOBaHHS Ta e()EeKTUBHICTh B3a€MOJIii YUaCHHUKIB MPOEKTY, (HOPMYIOUH
MIIIPYHTS U1 BIIPOBAIKEHHS O1TBIN THYYKUX Ta iIHHOBAIIIMHUX MIIXOIB y OyaiBeIbHIHM iHAYCTPil.

Knwwuosi cnoea: asromarmszanis, BIM, wMammHHe HaBYaHHS, ONTHUMI3allisl TPOEKTYBaHHS,
OpraHi3amiiHO-TEXHOJOTIYHI MPOIECH, OpTaHizamis OyIiBHUIITBA, CHCTEMa VIIPABIIHHS SKICTIO, SKICTh
OyAiBHUITBA, SIKICTb IPOEKTHUX PillleHb, IITYYHUH 1HTEIEKT, HU(poBe OyAIBHUITBO, HIU(PPOBA MOJEIb.

Beryn

Crpimka nudposizaiis OyaiBeTbHOI ramy3i 3yMOBIIOE TIEPEOCMUCIICHHS TPATUIIIHHAX TiAXO/IB 10
MPOEKTYBaHHS Ta yNpaBliHHA iHpOpPMAaIi€lo Ha BCiX eTamax >KUTTEBOTO LUKIY OyniBeNbHUX 00 €KTiB. Y
BOMY KOHTEKCTi TEeXHOJIOTii iHpopMaliiiHoro wmozenroBanHs Oyniens (BIM) cramm kirouoBuM
IHCTPYMEHTOM IHTEIPOBAHOTO MPOEKTYBaHHS, 3a0€3MeUyr0Yr OaraTOBHMIpHE IPEICTaBICHHS 00’ €KTa,
Y3TOJUKEHHST MDKIUCUUIUTIHAPHUX PillleHh Ta TiIBUIIEHHS TOYHOCTI MPOEKTHOI JNOKyMeHTarii. OmgHak
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3pocranHs MacmTady BIM-mozeneii, 30imbIieHHsT 00CATIB JaHUX Ta YCKIIaTHEHHS MPOIECiB KOOPIWHAII{
NPU3BOAATH IO 3HAYHOTO HABAaHTAXXECHHS Ha ()axiBLIiB i CTBOPIOIOTh PU3HMKH JOMYLICHHS MOMMIIOK, IO
MPOSIBIISIIOTHCA y BUTIISIL KOJIi31H, HEBIAMIOBIIHOCTEH BUMOTaM HOPM YH HESKICHMX MPOEKTHUX PIllICHb.

Y CBiTOBIH MPaKTHIII OJHUM 13 HAHTIEPCIEKTUBHIMINX MUISX1B BUPIMIEHHS IUX MPOOIIeM € iHTerparis
MetoniB mry4dHoro iHtenekty (1) y mnpomecn BIM-mpoexTtyBaHHS. BWKOpHCTaHHS alrOpUTMIB
MAIIMHHOTO HaBYaHHS, HEHPOHHUX MepexX, 0OpoOKH MpPUPOAHOI MOBH Ta IHTENEKTyaJbHHUX CHUCTEM
MiATPUMKY TPUHHATTS pillleHb BiJKPUBA€E MOXKIIMBOCTI JJIsi aBTOMATHU3AIi1 KOHTPOJIIIO SIKOCT1, ONTHUMI3alii
MPOEKTHUX PIllleHb, TPOTHO3YBAHHS EKCIDTyaTalliiHUX IMapaMeTpiB Ta 3MEHIIIEHHS JIFOICEKOTO YNHHUKA Y
CKJIagHuX npouecax mozaemoBaHHs. LI 3a0e3neuye BUCOKUI piBeHb aHaAJi3y CTPYKTYPHO-IIPOCTOPOBHUX
B3a€MOJIM, NO3BOJISIE BUSBISATH 3aKOHOMIPHOCTI y Benukux macuBax BIM-nmanmx Ta Qopmye HOBY
napaaurmy nu)poBOro MOJENIOBAaHHS — BiJl pyYHOI IIEPEBIPKH JI0 IHTEJIEKTYaIbHOTO, CAMOHABYAIHLHOTO
CepeIOBHIA MPOEKTYBAHHS.

Oco6n1BOi akTyaJbHOCTI Lie Ha0yBae B yMOBaxX MNIOOQJIBHOI'O INEPEXOAY A0 aBTOMAaTH30BAHOTO
koHTpodro BigmoBigHocTi (Automated Code Checking), mudpoBux HOpMaTHBHHUX IuatrgopMm Ta
MiIBUIIEHHS] BUMOT JIO MIPO30pOCTi ¥ cranaapTu3anii OyaiBenbHuX nporecis. [Ityanuii intenexkr y BIM
BIIKpMBAa€ MOXKIJIMBICTh CTBOPEHHS CaMOCTIMHMX MOMYJIB Bamijmamii, sSKi 3JaTHI 1HTEPIpPETyBaTH
HOpMaTHBHI BUMOTH, aHAIlI3yBaTH I'€OMETPI0 Ta MapaMeTpH eJEMEHTIB, (OPMYyBATH MPOTIO3HUIII MO0
onrtuMmizauii pilieHb i MOAETIOBATH HACIIAKY iHKeHepHHX 3MiH. TakuM ynHOM, iHTenekTyanizamis BIM He
JIMIIE MiABUILYE SKICTh MPOEKTYBAHHS, ajie W crpusie (OpPMyBaHHIO HOBUX IHCTPYMEHTIB JUIsl yIIPaBIiHHS
pU3HKaMU, CKOPOUYCHHS BUTPAT Ta 3a0€3IMeUeHHS BiAIIOBITHOCTI BUMOTaM Oe3TeKH i HaiHHOCTI.

Busuenns moxmuBocrerd I y BIM-mpouecax € Hag3BHUYailHO BaXKJIMBUM JUIsl HAyKOBOI Ta
IH)KEHEpHOI CHIJIbHOTH, OCKUIBKH Ja€ 3MOTY BU3HAYUTH e(peKTUBHI MOJEN iHTerpalii iHTeNeKTyalbHUX
TOPUTMIB Y (P pOBE MPOEKTYBAHHS, OL[IHUTH IXHill BIUIMB Ha SKiCTh MPOEKTHHUX PillleHb Ta PO3POOUTH
METOJI0JIOTiF0 MaliOyTHHOTO PO3BUTKY OyTiBEIHHOT TaTy3i B yMOBax MOBHOI n(poBoi TpaHcopmariii.

OcCHOBHA YaCcTHHA

AHaJi3 HayKOBHUX JKepeJl CBiTUNTh, IO iHTerpamisa mry4yHoro intenekry (LI) y meromonorito BIM
cTaja OJIHUM i3 MPOBIIHUX HarpsMiB HUPPOBOi TpaHchopMallii OyaiBenbHOT ramy3i. CydacHi JOCTiTHUKH
M AKPECTIOIOTH 3pOCTaHHS POJIi IHTENEKTya bHHUX aITOPUTMIB y TiIBUIIEHHI €)eKTUBHOCTI MOJIEITIOBaHHS,
onTHUMIi3alii MPOEKTHUX PillleHb, aBTOMATH3aMii poOOYMX MPOIECIB 1 3MEHIIEHH] JIFOJICKKOTO BIUIMBY Ha
PYTHHHI onepamii. Y mepiy 4epry, yBara HayKoBoi CIIUIBHOTH 30Cepe/PKeHa Ha aBTOMAaTH3allii BUSBICHHS
Ta Kiacudikamii Komi3ild, BIOCKOHAJIEHHI MPOIECiB CeMaHTHYHOiI 00poOku BIM-nmaHux Ta po3BUTKY
IHTEEKTYaTbHAX CHCTEM IIATPUMKH IPHHHSITTS PilllcHb.

OngHuM 13 HOBATOPCHKHX MiAXONiB y cdepi aBTOMATH30BAHOTO YIIPABIIHHSA KOJI3isIMH €
KOHIIENTyalbHa CHCTeMa MpiopuTusamii, po3pobiena B [1]. Y miii poOOTI aBTOpH NPOMOHYIOTH
ATOPUTMIUHY TaT@opMy, 3AaTHY HE JIMIIE BUSBIATH KOHQUIIKTH BcepeauHi BIM-monemi, ame i
3MIACHIOBATH iX Tpiask — (iTbTparlito, rpyIryBaHHs Ta OIIiIHIOBAHHS 33 CTYIIEHEM BaXKIIUBOCTI, 110 JTI03BOJISIE
3HAYHO 3MEHIIMTH iHpopMauiliHe nepeBaHTaxeHHS BIM-koopauHaTopiB, SK€ BHUHHMKA€ Yy BEIHMKHX
npoekrax. [logiOHUH migXin mpeacTaBaCHO y TOCIiIKeHH] [2], e aHami3yeThes IHTerpailis IMOMHHOTO
HaBYAHHA I MAIIMHHUX aJITOPUTMIB y MPOLIECH BUSBICHHS KOJI3ii Ta ONTHUMI3alii MPOEKTHUX PillICHb.
ABTopka migkpecroe, mo arroputMu 1111 3qaTHI HaB9aTHCS HA ICTOPUIHUX JAHWX, BUABJISIOUH CKIIATHI
KOpEISIIiil Ta MPONOHY0YH e()eKTHBHI BapiaHTH iX YCYHEHHSI.

[MuranHs npakTHYHOI peamnizamii iHTeneKkTyanbHUX MeToniB y BIM-mpouecax po3KpUTO Takox y
aHamiTuaHoMy orsiai Eurosia BIM [3], ne noka3ano, mro 1l 3Ha4HO MmigBUIIYE TOYHICTH aBTOMATHYHOT
imeHTudikami Komizii, 3abe3medye (iTbTpamifo «IIOMHUIKOBHX» a00 HECYTTEBUX KOH(IIKTIB 1 mae
MO>KJIUBICTH ()OpMYBaTH MPOTHO3HI MO JJISl OLIIHKH PH3HKIB. Y PO3BUTOK L[LOTO HANIPSAMY Y poOOTi [4]
NPOTIOHYETHCS TMOE€JHAHHSA MAIIMHHOIO HABYAHHS Ta OHTOJIOTIYHOTO MOJETIOBAHHS, IO JO3BOJISIE
cranpapTusyBaTu omuc BIM-eneMeHTIB Ta aBTOMATHU3yBaTh KIacHU(IKaIilo SIK «KOPCTKUX», TaK i
«M’SIKUX» KOJII3iH, a ImepeBipka METOIUKHA Ha peaTbHOMY IPOEKTI MPOAEMOHCTPYBAJIa BUCOKY TOUHICTH
BU3HAYEHHS KPUTHYHOCTI KOH(IIIKTIB.
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[IpobnemaTrka aBTOMaTW4HOI Kiacudikamii erxemeHTiB BIM-Moxmeni 3naiinuia BimoOpakeHHS B
pobori [5]. ABTopu noBoasaTh edekTuBHicTh BukopuctanHs TF-IDF i morictuanoi perpecii mis aHamizy
MeTaiHpopMaLii Ta CTPYKTYpPyBaHHS NaHHX, IO € BKpail BaXJIUBUM y BEIMKHX 1H()PACTPYKTYpHHX
mpoektax. JIOCHITHUKK HAroJomyroTh, IO aBTOMATH30BaHAa KiacuQikailis CyTTEBO 3MEHIIYE
KITBKICTh TIOMWJIOK 1 CTBOPIOE TEXHOJIOTIYHY OCHOBY IS TOAAJNBINOI ONTHMi3arii MOMEdi.
[IpakTraHe 3acTOCYBaHHS IHTEIEKTYadbHUX QJITOPUTMIB Yy BIACTE)KEHHI KOMI3id IH)KCHEPHHUX MeEpexk
po3rsmaTh 'y [6], SKi JEMOHCTPYIOTH CHCTEMHHWH Miaxig A0 MiHiMizamii KOH(MIIKTIB Ha cTamii
MIPOEKTYBAHHS 1HKCHEPHUX CHUCTEM.

VY mmpmomMy KOHTEKCTI mU(poBoi TpaHcdopMalii OyJiBHHITBA OKpeMi JOCIHIJIHUKU 3BEPTAIOThH
yBary Ha OpraHizaiiiiHi Ta KOMyHiKaIiiiHi acriektu. Tak, B po0Ooti [7] aBTOp aHali3ye YMHHHUKH, IO
BIUIMBAIOTh HA €PEKTHUBHICTH B3a€MOJIl MK 3aMOBHUKOM, MIJAPSTHUKOM Ta 1HKEHEPOM, ITiIKPECIIOI0YU
3HAYCHHS U(PPOBUX IHCTPYMEHTIB y MiJABUIIEHHI TPO30POCTI Ta Y30 KEHOCTI mpolieciB. JloCmiKeHHs
[8] nemoncTpye BukopuctaHHs BIM sik iHCTpyMeHTa MiIBUIICHHS SIKOCTI apXiTEKTYpHOTO IPOEKTYBaHHS
Ha OCHOBI CTaHIapTU30BaHUX Mpolenyp mepeBipku. OcoONMBY yBary HayKOBII NPUAUISIIOTH TaKOX
UUQPOBUM JBiffHMKAM, IO PO3MIMPIOIOTE MoxiuBocTi BIM-monenmtoBanHs. Y pobGoti [9] mokazano
edextuBHicTh BIM-opieHTOBaHMX IM(POBUX ABIHUKIB y YIIPaBIiHHI BiIX0JaMH IEMOHTaXY, 110 HA0yBae
0c00JIMBOTO 3HAYEHHS Y KOHTEKCTI CTIHKOTO PO3BUTKY.

Hudpori meTonosorii ynpasiiHHS OpraHizalifHO-TEXHOJIOTIYHUMH MPOLECAMHU MPOEKTYBAaHHS Ta
OyxmiBHMLTBa BceOiuHO mpencrasieHi y myOmikauii [10], me aBTOpM OOIPYHTOBYIOTH AOLIIBHICTH
mudposizanii Sk 3aco0y onTumizauii mapaMeTpiB NMPOEKTY Ta MiABUIIEHHS NPOLYKTUBHOCTI. CBOIO
4yeproio, y [11] aBTopu po3poOIIsitOTh IHTETPOBaHy CUCTEMY MIATPUMKH PillleHb VIS JOCSITHEHHS TPETHOTO
piBH#A 3pinocti BIM, mo nepeabavae rmuboky iHTErparlito iHTeIeKTyallbHIUX IHCTPyMeHTiB. TeopeTnyHi
OCHOBHU 3a0e31eueHHs AKOCTi y OyAiBHHUIITBI, HEOOX1THI /TS BIP OBA/KEHHS ITU(PPOBUX PillleHb, BUCBITIICHI
y KOJIleKTUBHi# MoHOTpadii [12].

VY pamkax nugpoBoi Tparchopmarii mianpueMcTB y [13] mpeacraBiena moaens mudpoBoi 3piocTi,
MpHUIATHY JJIS aJanTaiii B yMoBax OymiBeIbHOI ramy3i. 3HaYHWN NPaKTHYHUN IHTEPeC CTAaHOBIIATH TaK0XK
pobotu [14; 15], npucssueni nudposizallii opranizaiiii Ta ¢piHaHCYBaHHS OyiBEIbHUX MPOEKTIB, a TAKOXK
[16] nomOBHIOE 11i HAIPSIMH, PO3KPUBAIOYN MOXKITUBOCTI IIU(POBOT TpaHchopMallii JIOTiCTUKH Oy AiBeTbHUX
pecypciB. Pobotu [17] HaroiomyroTh Ha 3Ha4ymocTi poboTu3alii Ta apromarusaiii y OymiBHUITBI, a
ormsin [18] cucremaTH3ye HasBHI 1HCTpYMEHTH OLIHIOBAaHHA LU(pPOBOi 3pinocti ramysi. Hapermri,
nocmimkeHHs [19] nemoHcTpye MOXIHBiCTH BUkopucTanHs BIM s pedopmyBanHS cucTeMu
LIHOYTBOPEHHA B iHPPACTPYKTYpHHX MPOEKTAX.

TakuM YUHOM, OTJIS JITEpaTypu MiATBEPIKY€E, IO CydacHI HayKOBI HampauioBaHHS (OPMYIOTH
KOMIUIEKCHYy OcHOBY ans inTerpanii LI ta mmdpoBux Texnoiorii y BIM-mponecu. HomiHyrounMu
HamnpsIMaMu € THTENeKTyali3alis BUSBJICHHS Ta aHaNi3y KOJMi3ii, aBToMaTu3amis Kiacudikalii exeMeHTiB,
PO3BUTOK IM(POBHUX IBIHHMKIB, pOOOTH3aLis, YIOCKOHAJICHHS OpraHi3aliiHO-TEXHOJOTIYHOTO
yHOpaBiHHA ¥ MiATPUMKA IPUHAHSTTS pillleHb HA OCHOBI TaHUX.

[opiBHsIbHMI aHaNi3 Cy4YacHHX IHCTPYMEHTIB MALIMHHOI'O HAaBYaHHS, 3aCTOCOBYBAHUX JUIS
aBTOMaTH3aIlii pyTHHHUX omepaliii y BIM-mporiecax, 1aB 3MOTy BHSBHTH IXHI KIFOYOBI ()yHKI[IOHAIBHI
0COOIMMBOCTI, OOMEXEHHs Ta TMOTEHI[iaN IHTerpamii y cepemoBuIile OyIiBeIbHOTO iH()OPMAIIIHOTO
MojemoBaHHs (Ta6J. 1). Y3aranbHeHHS OTPUMaHHX JaHUX IOKa3ayo, MO ¢PEeKTUBHICTH KOHKPETHOTO
METOAY 3HaYHOIO MIpPOIO 3aJI€XKUTh Bill THILYy JaHUX Ta XapaKTepy 3aBAaHb.

Y rpyni KIacM4HUX ~AIrOPUTMIB MAIIMHHOTO HAaBYaHHSI METOAM AaHCaMOJIEBOTO THILY,
3okpema Random Forest ta Gradient Boosting (XGBoost, LightGBM), meMoHCTpy:OTh HaWBHUIIT
MOKAa3HUKMA TOYHOCTI MiJ 4ac poOoTu 3 TabnumuauMu Ta aTpubytuBHUMEH BIM-mannmu. LI moxmeni
BUSIBIIIUCS OCOOJIMBO MPUAATHUMU JJISl TAKHX 33/1a4, SIK aBTOMaTH30BaHa Kiacu(ikallisi KOHCTPY KTUBHHX
CIIEMEHTIB, MarepiaiiB, BUPOOIB 1 KOMIUIEKTIB, MPOTHO3YBAHHS BiXWICHb crienu@ikaIiil BiJi IpOEKTy Ta
KOHTPOJIb SIKOCTI.
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Tabauuys 1
IHlopisnanvha oyinka incmpymenmie MaWUHHO20 HAGYAHHA 071 asmomamusayii BIM-npoyecis
. Tunosi onepamii PiBensb
Incrpyment / OcHoBHI q
Meron MOKIHBOCTI BIM, 1o IlepeBarun OO0MeKkeHHs NPUAATHOCTI
aBTOMATH3YIOThCS s BIM
Random Knacudikamis Ta | ABTOMaTH4HA Bucoxka Baxxuit | Bucoxknit
Forest perpecis Ha | Kmacudikaiis TOYHICTb, BEJIUKUX
OCHOBI aHCaMOJIIO | €JIEMEHTIB  MOJEJI; | CTIHKICTD IO | Moz€eIeii;  MEHII
JiepeB OILlIHKa BAapTOCTI Ta | IIyMiB, IIPOCTA | TOYHUI y
qacy iHTepIperanisi | CKJIaJHUX
TEOMETPUYHHUX
3aj1a4ax
Support Knacudikanis 3 | BusBnenns xomisiii; | Edbexrupauit IMamae Cepenmiii
Vector BHCOKOIO COpPTYBaHHS TpU HEBENMKUX | ePEKTUBHICT Ha
Machines TOYHICTIO €JICMCHTIB 3a THITaMU | 00CsTax JaHWX; | BETUKHX
(SVM) TOYHHI BUOIpKax;
noTpedye
HOpMaJTi3arii
k-Nearest IIpocra  mozens | Po3mizHaBaHHS Jlerko Hyxe mnoBumeHMIA | CepenHiii
Neighbors (k- | a1 xracugikarii | KOMIIOHEHTIB, IOIIYK | pealli3yBary; Ha BEITUKHAX
NN) / MIONIYKY | aHAJIOTIB IHTYITHBHA MOJIEIIAX;
CXOXKOCTI KOHCTPYKTUBHUX JIoTiKa Yy TIIMBUA bi (o
pilieHs MacmTaliB
Convolutional | O6poOka Cermenranist  xmap | Bucoka Tounicts | [Torpebye Jlyxe BUCOKHIA
Neural 300pakeHb, XMap | TOYOK, aBTOMAaTHYHE | y TEOMETPUYHHX | BEIUKUX HaOOpiB
Networks TOYOK Ta | po3Mi3HABAHHS 3a/a4ax; nmanux i GPU
(CNN) reomeTpii enemenTiB 3a 2D/ 3D | imeansHO  AIs
JTaHUMHU CKaHyBaHHS
Recurrent Amnamiz  4acoBux | [IporHozyBaHHs Jobpe mpamroe 3 | Baxkko naBuary; | CepenHiit
Neural aHUX BapTOCTi, TEPMIHIB, | TPEHIAMHU Ta | HE MIAXOAWUTH IS
Networks / HaBaHTaXXECHb IMHAMIKOIO reoMeTpii
LSTM IH)KEHEpHHX CHCTEM | IPOEKTIB
Gradient IotyxHa ABTOMaTUYHMI Haiiuma [MoTpebye Bucoxuit
Boosting aHcamoOJeBa KOHTPOJIb  SIKOCTI; | TOUHICTb Ha | PeTeNIbHOrO
(XGBoost / MOJIEINb IIPOTHO3 BiAXHUJICHB Y | TAOMMYHUX HAJIAIITYBaHHS
LightGBM) MIPOEKTI JAHUX; IIBHJKE
HaBYaHHS
AutoML- ABTOMaTHYHUHA By akmit aHaii3 | ABToMaTusye Oo0Mexena Bucoxuit
CHUCTEMH mig0ip Momaenei BIM-nanux, ML 0e3 | THYYKICTb;
aBTOMATHUYHA TITHOOKUX 3HAHb | 3AJICKHICTH  BIX
Kacudikaiis iatopmMu
nedexTiB
I'padosi Pobora 31 | BusBneHns Hyxe Texnonoris  me| Jyxe BuCOKHI
HEeHpOHHI CTPYKTYPOBAaHHMH | KOH(]IIIKTIB MIDX | IEPCIIEKTHBHI PO3BUBAETHCS; (IepCcreKTUBHHUIA)
Mepexi eJIEMEHTaMH cucteMamu; asam3 |11 BIM sk | ckiagHiCTh
(GNN) Mojenen 3B’SI3KIB MiX | TpadiB HaBYAHHS
KOMIIOHEHTaMH BiJIHOILIEHD
NLP-mozmenmi | OOpoOka TeKkCTy | ABTOMaTHYHE Bucoka  skicts | Menm edektuBHi | Bucokuit
(BERT, YUTaHHSI MPOEKTHOI | 00pOOKH JUTSL TeOMETPii
GPT-knacy) JIOKyMEHTallil, BUTST | crienuikamii Ta
AaHUX,  TepeBipka | HOpM
BiJNOBiIHOCTEH
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CrilikicTs MOAIOHUX MOJIENIeH 10 IIYMiB i 34aTHICTh 0OPOOIIATH BETMKI MHOXKIHH O3HAK 3a0e3meuye
iXHE MpakTUYHE 3aCTOCYBaHHs B CHCTEMax aHATITUYHOI MINTPUMKH TPOEKTHUX pilieHb. BomHouac
nmorpeda y peTeNlbHOMY HaJNalITyBaHHI TirmeprapamerpiB (sl OyCTHHTOBHX MOJeNei) Ta 30iIbIIeHHS
O0YHCITIOBANILHUX BUTPAT i3 POCTOM 00CATY TAHWUX 3aIHIIAIOTHCS CYyTTEBUMU OOMEXCHHSIMHU.

Anropurmu Support Vector Machines (SVM) Ta k-NN npoaeMOHCTpyBany cepeHio MPUAaTHICT
1o BIM-cepenoBuma. SVM BusiBuB eeKTHUBHICTh y 3amavax kinacudikamii, HaNmpuKiIaa y BUSBICHHI
KOJi3ili Ta TpylyBaHHI €JIEMEHTIB, OJHAK WOTrO MPOIYKTHBHICTH IOMITHO 3HIKYETHCS HA BEJIUKHX
BubOipkax. Meroa k-NN € iHTYiTUBHHM Ta KOPHCHHM JUIsl TIOLIYKY CXOXKHX pillleHb ab0 po3Mi3HaBaHHS
KOMIIOHEHTIB, aJIe¢ XapaKTepU3YEThCS HU3HKOTO MBHUIKICTIO MPH POOOTI 3 BETMKUMHU MOJCIISIMH Ta BUCOKOIO
YYTJIUBICTIO IO PO3MIPHOCTI IPOCTOPY O3HAK.

Haiikpami  mepcnektuBr  y  cdepi  aHamizy — OpOCTOpoBO-reoMeTpwdHuUX  BIM-manmx
MPOJEMOHCTPOBaHI METOAaMHU TIMOWHHOTO HaBUaHHs. 30Kpema, 3ropTKoBi HelpoHHI Mepexi (CNN)
MaloTh 3Ha4Hy eQEeKTHUBHICTh y 3a7adax CerMeHTalii XxMmap TO4YOoK, iHTepmperamii 3D-ckaHiB Ta
ABTOMATUYHOTO pO3IMMi3HABAHHS EJIEMEHTIB Ha OCHOBI rpadiuHuMxX maHWX. 3aBASKH CBOIM 3MaTHOCTI
(dbopMyBaTH BHCOKODIBHEBI O3HAaKW 3 Bi3yalbHOI iH(OpMAIi BOHM € KIIIOYOBHM IHCTPYMEHTOM s
igrerpanii BIM i3 TexXHOJNOTisIMH J1a3€pHOTO CKaHyBaHHS Ta KOMII IOTEpHOrO 30py. OCHOBHHM
oomexxenHsM CNN  3anumiaetbess morpeba y BeIMKHX 00cCsTaX HaBUAIBHHX JIAHHX 1 BHCOKHX
00YHCITIOBANEHUX PECypCax.

I'padosi Heliponni mepesxi (GNN) Oynu inenTrdikoBaHi K HAHOLIBII MEPCIEKTUBHUIN IHCTPYMEHT
JUTS aHai3y BHYTPINIHIX 3aJIeKHOCTEH 1 mpocTopoBoi cTpykTypu BIM-mozeneit, ockimbKky Taki Mozesi
MPUPOJHO ONHUCYIOThCS y BUNISAIL rpadiB. Pesympratu gocmimkenns 3acimumian, mo GNN MoOXyTh
3a0e3MeYnTH SKICHO HOBWHM MiIXiX JO aBTOMATHYHOTO BHUSABJICHHS MDKAWCIUILUTIHAPHUX KOH(QIIKTIB,
aHaJli3y TONOJIOTIYHUX 3B’S3KIB Ta TMiJBUIICHHS KOOPAMHAII MiX NPOEKTHUMHU posaiiamu. [lonpu
CKJIaHICTh IXHHOTO HABYAHHS, IIi METOIU JEMOHCTPYIOTH BHCOKHH MOTEHI{iall OO IOAAJbIIOTO
PO3BUTKY.

VY cdepi aHamizy 4YacoBHX pAOIB HAaWBUIIMKA TOTEHINiAN Yy PEKYPEHTHHX HEHPOHHUX MEpex
(RNN /LSTM), siki MOKyTb 3a0e3meunTH eeKTUBHE NPOTHO3YBaHHS TMHAMIKH OyIiBENbHHUX MPOILECIB,
3MIiHM HaBaHT@XEHb IHKCHEPHUX CHCTEM, TCPMIiHIB BHKOHAHHS pOOIT Ta IHIMUX IapaMeTpiB, IO
3MIHIOIOThCA 3 4acoM. [IpoTe iX 3acTocyBaHHS € OOMEXKEHUM IS 33/ad, IMOB’SA3aHUX 13 MPOCTOPOBOIO
TEOMETPIETO.

OTpumaHi pe3ynbTaTH 3acBiAUyIOTh, MO0 HAaWOUIBII TEPCIEKTUBHUMHU I1HCTPYMEHTaMH JUIS
apromatu3ariii BIM-mporieciB € CNN i GNN — m1st IpoCTOpOBO-TeOMETpHIHUX 3a1ad, Moaen Gradient
Boosting i Random Forest — mns poGotu 3 atpubyrtuBHuUMEH nanumu, a NLP-momenmi — s
IHTEJIEKTYaJIbHOTO aHaJi3y TEKCTOBHUX JNOKYMEHTIB. KOMIUIEKCHE BUKOPUCTAHHS ITUX MIAXOIIB CTBOPIOE
OCHOBY Ui (OPMYBaHHS IHTEIPOBAHMX IHTENIEKTYyalbHUX CHCTEM, 3IaTHUX 3a0€3MeUnuTH 3HAuHE
MIBUILECHHS SIKOCTI, TOYHOCTI Ta epekTUBHOCTI BIM-npoekTyBaHHS.

BucnoBku

[IpoBeneHe AocCiHiKEHHS KOMIUIEKCHO MiATBEPAXKYE, L0 IiHTErpaiis IMITYYHOTO iHTENEKTY Y
BIM-nporiecu € ofHUM 13 KIFOUOBUX HampsAMiB IUQpoBoi Tpanchopmarii cydacHoi OymiBeIbHOT Taly3i.
AHaJli3 TEOPEeTUYHUX 3acajl, METOAOJOrIYHUX IMIJAXOMIB Ta MPAKTHYHUX KEWUCIB 3acBIMYMB, IO
IHTENEKTyabHi aJTOPUTMH 3JIaTHI CYTTEBO PO3MIMPUTH PYHKIIOHAIEHI MOKITMBOCTI BIM, mepeTBopuBIIH
Horo 3 1HCTpyMeHTa iH(QOPMAIifHOTO MOJENIOBaHHS HAa TOBHOLIHHY IUAaTGopMy MiATPUMKH
YIPaBIiHCHKUX 1 MPOEKTHUX PIllIEHb.

Y Mexax [OCHiPKEHHS BUSIBIEHO, LI0 BHKOPHCTaHHS METOIB MAIIMHHOTO HAaBUAHHS IS
ABTOMAaTUYHOI Kiacudikallii ereMeHTiB MOAETi a€ 3MOTY 3HAYHO 3MEHIIUTH TPYAOMICTKICTh PYTHHHHX
orepaniii Ta MiIBUIIUTH BIPOTIAHICTB 1 CTpyKTypoBaHicTh BIM-manux. 3acTocyBaHHA alrOpUTMiB Ha
ocHoBi TF-IDF, norictu4nHOi perpecii, HEMpOHHHMX MEpeX Ta IHIMHX MOJENeH 3abe3medye 3HAYHE
3HW)KEHHSI BiICOTKA MOMMUJIOK Y TMOPiBHSHHI 3 PyYHUMH MeToiamu Kinacudikaumii. Lle 3aknagae dpyngameHt
JUIsT OUTBIII TOYHOTO MOJICITIOBAHHS, KOPEKTHOI MapamMeTrpu3allii Ta e()EeKTHBHOT MLKIMCIMILTIHAPHOL
KOOpIUHAII1.
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Haiibinemmoro edekry interpamis LI qocsarae y cdepi aBToMaTn30BaHOTO BUSBIICHHS Ta YIIPaBITiHHS
KomizismMu. Ha BiaMiHy Bin TpaaMUifHMX 1HCTPYMEHTIB, siKi juiie (iKCylOoTh (akTH 3iTKHEHb MK
eNIeMEeHTaMHM, IHTEJEeKTyalbHI MOJENi 37aTHI aHaji3yBaTH KOHTEKCT B3a€MOJii CHUCTEM, TpYIyBaTH
MOBTOPIOBaHI KOHQIIKTH, 3JIMCHIOBATH iX TPIOPUTH3AIII0 Ta IMPONOHYBATH ONTHMANbHI BapiaHTH
BupimeHHs. lle mo3Bomsie pi3ko 3HU3WTH iHOpPMAIliiiHE NepeBaHTAXEHHS CIIEHIaTiCTiB, IiJABHUIIUTH
TOYHICTh TPUHHATTS pIillleHh Ta MIHIMI3yBaTH KUIBKICTh BUINpAaBICHb HA II3HIX eTamnax MpPOEKTY.
3acTocyBaHHS OHTOJIOTIYHUX MOJENEH Yy MO€JHAaHHI 3 MAIIMHHUM HABYAaHHSIM IPOJEMOHCTPYBAJO
0CcO0JMBO BUCOKUH MOTEHIiall y pO3IIMPEHHI CEMaHTUYHUX MokinBocTeil BIM Ta momonansi mpodiemu
HEOJHO3HAYHOCTI TPAaKTyBaHHS KOJi3iil.

Oxpemy yBary npuaiieHo 3actrocysanHto 1111 y nporHo3yBanHi eeKTHBHOCTI Oy AiBEIbHUX CHCTEM.
BukopucTaHHS NPOTHO3HHMX MOJIENICH, 3aCHOBAaHMX Ha METOAAX MNIMOMHHOTO HABYAaHHS Ta aHAJITHI
ICTOpUYHUX JaHWX, 3a0e3ledye€ MOXKIIUBICTh TOMEPEAHBOTO OIIHIOBAHHS IMITAIIMHUX CIICHAPIiB,
MPOTHO3YBaHHS TEXHIYHMX 1 €KOHOMIYHMX PHU3WKIB, BHUSBICHHS MOTEHIINHUX BiIXWIEHb y Tpadikax,
Oro[pkeTax 4M poOOTi iHKeHepHUX cucteM. lle chpuse MiIBUILEHHIO HAAIMHOCTI MPOEKTHUX pILLEHB,
3MEHIIICHHIO HMOBIPHOCTI TOMMJIOK Ta ONTUMI3allil eKCIUTyaTalliiHUX XapaKTePUCTHK Oy 1iBeIb.

3aranoM pe3yJbTaTH JOCIIHKEHHS MiITBEP/KYIOTh, IO IMIUIEMEHTAIliS aNrOPUTMIB IITYYHOTO
inTenekTy B BIM-opieHTOBaHY AISUTBHICTH € CTPATETIYHO BAXKIMBUM YHHHUKOM DPO3BHUTKY OYIiBEIHHOT
ramy3i. Al-iHCTpyMeHTH 3a0e3MedyloTh CYTT€BE CKOPOUYEHHS TPYAOBHX BUTpPAT Ta YacOBHX PECYpCIB,
MiABUILEHHS TOYHOCTI MOJEIIOBAHHS Ta SKOCTI BUXIJIHUX JaHUX, YJOCKOHAIECHHS MPOIECIB KOOPIUHALIIT
MK NPOEKTHUMH KOMaHIaMH, MiIBUIIEHHS MPO30POCTI Ta OOIPYHTOBAHOCTI YNPaBIiHCHKUX pPilllCHb,
3MEHIIICHHS PU3HKIB, TIOB’A3aHUX 13 JIIOJCHKUM (haKTOPOM Ta CKIIAJIHICTIO.

HaykoBo-npakTiuHe 3Ha4eHHS POBEACHOTO aHalli3y moiisirae y (opMyBaHHI CHCTEMHOTO OaueHHS
TOTO, SIK IITYYHUH 1HTEJIEKT MOXKE TPaHC(HOPMYBATH MPOLIECH TIAHYBaHHS, IPOEKTYBAHHSI, KOOPAUHAIIIT
Ta eKcITyaTarii 00’exTiB OyniBHUITBA. [loganbii oCHiHKeHHS TOIIFHO CIPSMYBATH Ha PO3pOOICHHS
iHTerpoBanux miardopm, mo noeanytots aaroputmu I 3 undpoBuMu nBIHHMKaMH, OHTOJOTIYHUMHM
MOJIEJISIMH Ta IHCTpYMEHTaMH aBTOMAaTH30BaHO1 Baiganii NpOEKTHUX pimeHb. Takuil miaxin po3kpue HOBI
MOSKJIMBOCTI Il BIIPOBAKCHHS TOBHICTIO aBTOMAaTHU30BaHUX iHTeNeKTyanbHux BIM-cucrem, mo
3a0e3nevars sIKICHO HOBHI PiBeHb €(DeKTUBHOCTI Ta CTIHKOCTI Oy IiBEILHUX MPOLIECIB.

Chnucok Jitepatypu

1. Borkowski, A. S., Kubrat, A. A Conceptual Al Based Framework for Clash Triage in Building
Information Modeling (BIM): Towards Automated Prioritization in Complex Construction Projects.
Buildings. 2025. Vol. 16. No. 4. DOI: https://doi.org/10.3390/buildings16040690.

2. Luna, A. Al and BIM Fusion: Automating Clash Detection and Design Optimization in
Construction Projects. 2025. Pexxum goctymy: URL: https://surl.li/taafib.

3. Eurosia BIM. Al Powered Clash Detection and Predictive BIM: A Deep Dive. Bimmodel.co.
2025. Pexmm moctymy: URL: https://www.eurosia.eu/post/ai-powered-clash-detection-and-predictive-
bim-a-deep-dive.

4. Kim, S., Lee, W., Yu, Y., Jeon, H., Koo, B. Employing Ontology and Machine Learning for
Automatic Clash Detection and Classification in Multi-disciplinary BIM Models // International
Conference on Construction Engineering and Project Management. 2024. P. 566-569.
DOIL: https://doi.org/10.6106/ICCEPM.2024.0566.

5. Motina, M., Morozenko, A. Classification of Building Components Using Artificial Intelligence
Based on Meta-Information in BIM Models // In: Gibadullin, A. (ed.) Digital and Information Technologies
in Economics and Management. DITEM 2023. Lecture Notes in Networks and Systems, vol. 942. Cham:
Springer, 2024. DOI: https://doi.org/10.1007/978-3-031-55349-3 16.

6. Pogorelskiy, S., Kocsis, I. BIM based collision tracking at the intersections of different building
engineering systems at the design stage. International Review of Applied Sciences and Engineering. 2024.
Vol. 16. No. 1. DOI: https://doi.org/10.1556/1848.2024.00833.

36ipHuk Haykosux npayb «JOPOT'U I MOCTHU» www.dorogimosti.org.ua
298 ISSN 2524-0994 (Print), ISSN 2786-488X (Online). Dorogi i mosti, 2026 Issue 33


http://www.dorogimosti.org.ua/
https://doi.org/10.3390/buildings16040690
https://surl.li/taafib
https://www.eurosia.eu/post/ai-powered-clash-detection-and-predictive-bim-a-deep-dive
https://www.eurosia.eu/post/ai-powered-clash-detection-and-predictive-bim-a-deep-dive
https://doi.org/10.6106/ICCEPM.2024.0566
https://doi.org/10.1007/978-3-031-55349-3_16
https://doi.org/10.1556/1848.2024.00833

BYAIBHULTBO TA IMBIJIbHA IHZKEHEPIA

7. Kissabekov, A. Analysis of Factors Influencing Successful Interaction between the Client,
Contractor, and Engineer on Construction Sites. International Journal of Scientific and Management
Research. 2025. Vol. 8. DOI: http://doi.org/10.37502/[JSMR.2025.8514.

8. Choi, J. S. and Kim, 1. H. Development of a BIM-based architectural design quality assurance
checklist. Korean Journal of Computational Design and Engineering. 2013. 18(3). P. 177-188.
DOI: https://doi.org/10.7315/CADCAM.2013.177.

9. Kaewunruen, S., Lin, Y. H., Guo, Y. BIM-driven digital twin for demolition waste management
of existing residential buildings. Scientific Reports. 2025. Vol. 15. 28989. DOI: https://doi.org/10.1038/
$41598-025-13938-9.

10. Xenesnsak, B., Kononuyk, P. Ludpoa mMeromonoris ympaBmiHHS oOpraHi3amiifHo-
TEXHOJIOTIYHUMH TIPOIIeCaMy OYIiBHHUIITBA OO €KTIB JJI ONTHMIi3alii MpOEKTHUX TapameTpis. Hlmsaxu
miaBuiieHHs: edekTuBHOCTI OyamiBHUITBA. 2024. No 2(54). C. 325-333. DOI: https://doi.org/10.32347/
2707-501x.2024.54(2).325-333.

11. Abumoeilak, L., Beheiry, S., Atabay, S. An integrated decision support system for BIM level 3
implementation. Frontiers in Built Environment. 2025. Vol. 11:1687407. DOI: https://doi.org/10.3389/
fbuil.2025.1687407.

12. Tugai, O. A., Hryhorovskyi, P. Ye., Khyzhniak, V. O., Stetsenko, S. P., Bielienkova, O. Yu.,
Molodid, O. S., Chernyshev, D. O. Organizational and technological, economic quality control aspects in
the construction industry: collective monograph. Lviv—Torun: Liha-Pres. 2019. 136 p.

13. Jékel, J.-L., Fischerkeller, F., Oberhoff, T., Klemt-Albert, K. Development of a Maturity Model
for the Digital transformation of companies in the context of Construction Industry 4.0. Journal of
Information Technology in Construction. 2024. Vol. 29. P. 778-809. DOI: https://doi.org/
10.36680/j.itcon.2024.034.

14. Bielienkova, O., Novak, Y., Matsapura, O., Zapiechna, Y., Kalashnikov, D., Dubinin, D.
Improving the Organization and Financing of Construction Project by Means of Digitalization.
International Journal of Emerging Technology and Advanced Engineering. 2022. Vol. 12. No. 8.
P. 108-115. DOI: https://doi.org/10.46338/ijetac0822 14.

15. Novykova, I., Bielienkova, O., Kulikov, O., Petrukha, S., Akizhanova, A., Zinchenko, M.
Application of the Updated Project Approach for Institutionally Oriented Diversification of Construction
Enterprises. 2023 IEEE International Conference on Smart Information Systems and Technologies (SIST).
Astana, 2023. P. 558-566. DOI: https://doi.org/10.1109/SIST58284.2023.10223510.

16. Zeltser, R. Ya., Bielienkova, O. Yu., Novak, Ye., Dubinin, D. V. Digital Transformation of
Resource Logistics and Organizational and Structural Support of Construction. Nauka i innovatsii. 2019.
Vol. 15. No. 5. P. 38-51.

17. Davila Delgado, J. M., Oyedele, L., Ajayi, A., Akanbi, L., Akinade, O., Bilal, M., Owolabi, H.
Robotics and automated systems in construction: Understanding industry-specific challenges for adoption.
Journal of Building Engineering. 2019. Vol. 26. Article 100868. DOI: https://doi.org/10.1016/
j-jobe.2019.100868.

18. Ullah, R., Harrington, J., Farea, A., Otreba, M., Carroll, S., McKenna, T. Digital Maturity
Assessment Tools for the Construction Industry: A PRISMA-ScR Scoping Review. Buildings. 2026.
Vol. 16(1). 239 p. DOI: https://doi.org/10.3390/buildings16010239.

19. Hudpa T. BIM sik iHCTpyMeHT peOpMyBaHHS CHCTEMH LIHOYTBOPEHHS B OyIiBHHUTBI (Ha
MPUKJIaAl OPOXXKHBO-OynmiBenpHMX KommaHid Kazaxcrany). Ilmaxu minBumieHHs e()eKTHBHOCTI
OyniBuuiTBa, 2021, 2 (47), 167-178. DOI: https://doi.org/10.32347/2707-501x.2021.47(2).167-178.

References

1. Borkowski, A. S., & Kubrat, A. (2025). A Conceptual Al-Based Framework for Clash Triage
in Building Information Modeling (BIM): Towards Automated Prioritization in Complex Construction
Projects. Buildings. 16(4). DOI: https://doi.org/10.3390/buildings16040690 [in English].

2. Luna, A. (2025). Al and BIM Fusion: Automating Clash Detection and Design Optimization in
Construction Projects. Retrieved from https://surl.li/taafib (Accessed: 05 January 2026) [in English].

36ipHuk Haykosux npayb «JOPOTU I MOCTU» www.dorogimosti.org.ua
ISSN 2524-0994 (Print), ISSN 2786-488X (Online). Dorogi i mosti, 2026. Issue 33 299


http://www.dorogimosti.org.ua/
http://doi.org/10.37502/IJSMR.2025.8514
https://doi.org/10.7315/CADCAM.2013.177
https://doi.org/10.1038/%20s41598-025-13938-9
https://doi.org/10.1038/%20s41598-025-13938-9
https://doi.org/10.32347/%202707-501x.2024.54(2).325-333
https://doi.org/10.32347/%202707-501x.2024.54(2).325-333
https://doi.org/10.3389/%20fbuil.2025.1687407
https://doi.org/10.3389/%20fbuil.2025.1687407
https://doi.org/%2010.36680/j.itcon.2024.034
https://doi.org/%2010.36680/j.itcon.2024.034
https://doi.org/10.46338/ijetae0822_14
https://doi.org/10.1109/SIST58284.2023.10223510
https://doi.org/10.1016/%20j.jobe.2019.100868
https://doi.org/10.1016/%20j.jobe.2019.100868
https://doi.org/10.3390/buildings16010239
https://doi.org/10.32347/2707-501x.2021.47(2).167-178
https://doi.org/10.3390/buildings16040690
https://surl.li/taafib

CONSTRUCTION AND CIVIL ENGINEERING

3. Eurosia BIM. (2025). Al Powered Clash Detection and Predictive BIM: A Deep Dive. Retrieved
from https://www.eurosia.eu/post/ai-powered-clash-detection-and-predictive-bim-a-deep-dive (Accessed:
05 January 2026) [in English].

4. Kim, S., Lee, W., Yu, Y., Jeon, H., & Koo, B. (2024). Employing Ontology and Machine
Learning for Automatic Clash Detection and Classification in Multi-disciplinary BIM Models. In
Proceedings of the International Conference on Construction Engineering and Project Management.
P. 566-569. DOI: https://doi.org/10.6106/ICCEPM.2024.0566 [in English].

5. Motina, M., & Morozenko, A. (2024). Classification of Building Components Using Artificial
Intelligence Based on Meta-Information in BIM Models. In A. Gibadullin (Ed.), Digital and Information
Technologies in Economics and Management (DITEM 2023). Lecture Notes in Networks and Systems
(Vol. 942). Springer. DOI: https://doi.org/10.1007/978-3-031-55349-3 16 [in English].

6. Pogorelskiy, S., & Kocsis, 1. (2024). BIM-Based Collision Tracking at the Intersections of
Different Building Engineering Systems at the Design Stage. International Review of Applied Sciences and
Engineering, 16(1). DOI: https://doi.org/10.1556/1848.2024.00833 [in English].

7. Kissabekov, A. (2025). Analysis of Factors Influencing Successful Interaction between the
Client, Contractor, and Engineer on Construction Sites. International Journal of Scientific and Management
Research, 8. DOI: https://doi.org/10.37502/[JSMR.2025.8514 [in English].

8. Choi, J. S., & Kim, I. H. (2013). Development of a Checklist for Quality Verification of
Architectural Design Based on BIM. Journal of CAD/CAM Engineering. 18(3). 177-188.
DOLI: https://doi.org/10.7315/CADCAM.2013.177 [in English].

9. Kaewunruen, S., Lin, Y. H., & Guo, Y. (2025). BIM-Driven Digital Twin for Demolition Waste
Management of Existing Residential Buildings. Scientific Reports. No. 15. 28989. DOI: https://doi.org/
10.1038/541598-025-13938-9 [in English].

10. Zhelezniak, V., & Kononchuk, R. (2024). Digital Methodology for Managing Organizational
and Technological Construction Processes to Optimize Project Parameters. Ways to Increase the Efficiency
of Construction. No. 2(54). P.25-333. DOI: https://doi.org/10.32347/2707-501x.2024.54(2).325-333
[in Ukrainian].

11. Abumoecilak, L., Beheiry, S., & Atabay, S. (2025). An Integrated Decision Support
System for BIM Level 3 Implementation. Frontiers in Built Environment. No. 11. 1687407.
DOI: https://doi.org/10.3389/ tbuil.2025.1687407 [in English].

12. Tugai, O. A., Hryhorovskyi, P. Ye., Khyzhniak, V. O., Stetsenko, S. P., Biclienkova, O. Yu.,
Molodid, O. S., & Chernyshev, D. O. (2019). Organizational and Technological, Economic Quality Control
Aspects in the Construction Industry. Lviv—Torun: Liha-Pres [in English].

13. Jékel, J.-I., Fischerkeller, F., Oberhoff, T., & Klemt-Albert, K. (2024). Development of a
Maturity Model for the Digital Transformation of Companies in the Context of Construction Industry 4.0.
Journal of Information Technology in Construction. Vol. 29. P. 778-809. DOI: https://doi.org/10.36680/
j.itcon.2024.034 [in English].

14. Bielienkova, O., Novak, Y., Matsapura, O., Zapiechna, Y., Kalashnikov, D., & Dubinin, D.
(2022). Improving the Organization and Financing of Construction Projects by Means of Digitalization.
International Journal of Emerging Technology and Advanced Engineering, 12(8). P. 108-115. Retrieved
from URL: https://ijetae.com/files/Volumel2Issue8/IJETAE 0822 14.pdf [in English].

15. Novykova, 1., Bielienkova, O., Kulikov, O., Petrukha, S., Akizhanova, A., & Zinchenko, M.
(2023). Application of the Updated Project Approach for Institutionally Oriented Diversification of
Construction Enterprises. In 2023 IEEE International Conference on Smart Information Systems and
Technologies (SIST). P. 558-566. DOI: https://doi.org/10.1109/SIST58284.2023.10223510 [in English].

16. Zeltser, R. Ya., Bielienkova, O. Yu., Novak, Ye., & Dubinin, D. V. (2019). Digital
Transformation of Resource Logistics and Organizational and Structural Support of Construction. Nauka i
Innovatsii. 15(5). P. 38-51 [in English].

17. Davila Delgado, J. M., Oyedele, L., Ajayi, A., Akanbi, L., Akinade, O., Bilal, M., & Owolabi,
H. (2019). Robotics and Automated Systems in Construction: Understanding Industry-Specific Challenges

36ipHuk Haykosux npayb «JOPOT'U I MOCTHU» www.dorogimosti.org.ua
300 ISSN 2524-0994 (Print), ISSN 2786-488X (Online). Dorogi i mosti, 2026 Issue 33


http://www.dorogimosti.org.ua/
https://www.eurosia.eu/post/ai-powered-clash-detection-and-predictive-bim-a-deep-dive
https://doi.org/10.6106/ICCEPM.2024.0566
https://doi.org/10.1007/978-3-031-55349-3_16
https://doi.org/10.1556/1848.2024.00833
https://doi.org/10.37502/IJSMR.2025.8514
https://doi.org/10.7315/CADCAM.2013.177
https://doi.org/%2010.1038/s41598-025-13938-9
https://doi.org/%2010.1038/s41598-025-13938-9
https://doi.org/10.32347/2707-501x.2024.54(2).325-333
https://doi.org/10.3389/%20fbuil.2025.1687407
https://doi.org/10.36680/%20j.itcon.2024.034
https://doi.org/10.36680/%20j.itcon.2024.034
https://ijetae.com/files/Volume12Issue8/IJETAE_0822_14.pdf
https://doi.org/10.1109/SIST58284.2023.10223510

BYAIBHULTBO TA IMBIJIbHA IHZKEHEPIA

for Adoption. Journal of Building Engineering. No.26. 100868. DOI: https://doi.org/10.1016/
j.jobe.2019.100868 [in English].

18. Ullah, R., Harrington, J., Farea, A., Otreba, M., Carroll, S., & McKenna, T. (2026). Digital
Maturity Assessment Tools for the Construction Industry: A PRISMA-ScR Scoping Review. Buildings.
No. 16(1). 239 p. DOI: https://doi.org/10.3390/buildings16010239 [in English].

19. Tsyfra, T. Yu. (2021). BIM as a Tool for Reforming the Pricing System: A Case of Road
Construction Enterprises in Kazakhstan. Ways to Increase the Efficiency of Construction in the Conditions
of the Formation of Market Relations. No. 7(2). P. 168-180. DOI: https://doi.org/10.32347/2707-
501x.2021.47(2).167-178 [in Ukrainian].

Denis Dubinin, Ph.D., https://orcid.org/0000-0002-2044-063 1
Maksym Klys, Ph.D., Associate Professor, https://orcid.org/0000-0001-6790-8281

Kyiv National University of Civil Engineering and Architecture (KNUBA), Kyiv, Ukraine

USING ARTIFICIAL INTELLIGENCE
TO IMPROVE THE QUALITY OF BIM DESIGN

Abstract

Introduction. In modern construction, the digitalization of the design process is becoming a key factor
in increasing efficiency and competitiveness. Building Information Modeling (BIM) technologies provide
comprehensive data management at all stages of the object's life cycle, but their potential can be
significantly expanded through the integration of artificial intelligence (Al) tools.

Problem statement. Despite the widespread implementation of BIM, a significant part of design
solutions remains labor-intensive and error-prone due to the need to process large amounts of information
manually. Low quality of source data, imperfect coordination between performers, and insufficient
automation of analytical operations lead to delays, increased cost, and risks in design.

Objective. To investigate the possibilities of using artificial intelligence algorithms to increase the
accuracy, speed, and reliability of BIM design, as well as to identify effective approaches to integrating Al
into standard design business processes.

Materials and methods. The paper uses methods of theoretical generalization and analysis of
scientific publications, comparison of practical experience in the use of neural networks in modeling and
data processing, as well as a comparative assessment of machine learning tools in terms of their ability to
automate routine operations of BIM processes. Cases of Al use in automatic classification of elements,
collision search, and prediction of performance indicators of building systems were studied.

Results. It was found that deep learning algorithms increase the accuracy of modeling due to
automatic error correction, optimization of parametric solutions, and intellectual coordination between
different disciplines. The use of Al will reduce the time for performing individual design operations, as
well as improve the quality of data used during modeling and analysis.

Conclusions. The integration of artificial intelligence into BIM design is a promising direction in the
development of digital construction technologies, which contributes to the automation of processes,
reduction of errors, and optimization of design solutions. The use of intelligent algorithms allows to
improve the quality of modeling and the efficiency of interaction between project participants, forming the
basis for the implementation of more flexible and innovative approaches in the construction industry.

Keywords: BIM, design optimization, digital construction, automation, construction quality, quality
of design solutions, artificial intelligence, machine learning, digital model, quality management system,
organizational and technological processes, construction organization.
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