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®Deoopuenko M.A. TaresiekTyajbHa iHopManiiHAa cHUCTeMa MIATPUMKHU
BHOOPY aJIbTEPHATHB €HEProOIAHUX OyaiBe/Ib 3 BAKOPUCTAHHAM IUTYYHOI' O
inTesekTy. - KBanmidikaiiiina HaykoBa mpalls Ha paBax pyKOIUCY.

HNuceptanis Ha 3700yTTS HAyKOBOI'O CTyIEHs JokTopa (duiocodii 3a
cnemianbHicTiIO 126 - «JHopmaniiiHi cucreMu Ta TexHoJOri». KuiBchkuii
HaI[IOHAJIbHUI YHIBEpCUTET Oy1BHULITBA 1 apxiTekTypu. Kuis, 2026.

Hucepramiro  mpUCBAYEeHO  (HOPMYBaHHIO  HAYKOBO-METOAMYHHX  Ta
OPUKIATHAX  METOJIB  BJOCKOHAJIGHHS 1  ajanTallii  IHTEJIEKTyaIbHUX
iHGOpMAIITHUX CHCTEeM i1 BUOOPY ONTHMAbHUX aJbTEPHATHB CHEPTOOMIATHUX
OyniBesib, Ha TIPYHTI IHTETPOBAHOTO 3aCTOCYBaHHS IITYYHOTO IHTEJICKTY,
OaratoakTopHOro aHaji3y Ta JOKaJi30BaHUX MOKAa3HUKIB €HEProe)eKTUBHOCTI.

HaykoBa HoBHM3HAa po6oTH Tmonsirae y ¢opMmyBaHHI 1HUGPOBOTO
AQHAJIITUYHOTO TMPOCTOPY Ta TMPUKIAAHOTO  IHCTPYMEHTapii0 [Jsi  BHOOpY
aNbTEPHATUB €HEProoNIaJHNX OyAiBeNIb 3 BUKOPUCTAHHAM IITYYHOTO IHTEJIEKTY,
BIM-texHoOT1#, 1HTEIEKTyaIbHUX aHAJITUYHUX CHUCTEM Ta aBTOMATH30BAHOTO
BUSIBJICHHSI EHEPTEeTUUHUX 3arp03 YIIPOJIOBK KUTTEBOTO UKy 00’ €KTA.

Bnepuwie po3pooneno:

- iHmenekmyanvHy  IH@OpMayiuHy ~— cucmemy — ABMOMAMU30EAHO20
KepysaHHs npoyecamu 3abe3nevuenus enepeoepexmusnocmi 6yoisenn, y ki BIM-
CepeloBHINEe pealizye (YHKIIO I1HTETpatopa €IMHOrO0 MHUGPOBOTO IIPOCTOPY,
aKyMyJIIOBaHHS Ta OOMIHY JaHUMHU MDK yciMa CTEUKIoJjjepaMHu TPOEKTY, a
MiICUCTEMA IITYYHOTO I1HTENEKTY BHUCTYMA€ AaHANITUYHUM SIAPOM IMITPUMKH
pimens. Cuctema moOyaoBaHa Ha MPHUHITUIIAX MIKpOcepBicHOT apxiTekTypu 3 API-
B32EMO/TIEIO Ta LEHTpaIi30BaHUM aMIHICTPpYBaHHSIM napamMmeTpiB
eHeproeeKTUBHOCTI, M0 3a0e3mnedye MacmTaOOBaHICTh Ta iHTEpONepadbenbHICTh
KOMITOHCHTIB MTPOTATOM >KHUTTEBOTO MUKy 00’ €KTA,;

- adanmusHy Modelb 0a2amoKpumepiaibHo20 6udopy apxXimekmypHo-
[HJiCeHepHUX piuleHdb 13 3aCTOCYBAaHHSIM alrOPUTMIB HeuiTkoi Jioriku (fuzzy logic),

HEUPOHHUX MeEpEeX Ta METOMAIB OHmoOpHHX BeKTopiB (SVM), ska 3abe3neuye



(opMyBaHHS pallOHAIBHUX IMapaMETpiB y CKIAJHUX yMoOBax OaraToakTopHOi
HEBHU3HAYEHOCTI; HA IPpyHTI [0T-KOMITIOHEHTIB, TEMIOTEXHIYHOI'O MOJEIIOBAaHHS Ta
METOJ[IB MAIIMHHOTO HABYaHHS PEalli30BAHO KOTHITUBHY CHUCTEMY, 3JaTHY [0
CaMOHaBYaHHs ¥ TIPOTHO3YBaHHS MapaMeTpiB MPOEKTYyBaHHA. Mojenb GpopMye Ta
peaizye HOBY MapaaurMy KOTHITHBHO-KEPOBAHOT'O MPOEKTYBAHHSI, IO TIOETHYE
JIOKaJbH1 MOKA3HUKH €HEProClOKUBAHHS 3 IJI00aJbHUMHU KPUTEPISIMU TEXHIKO-
€KOHOMIYHO1 e()eKTUBHOCTI;

YOOCKOHANEHO:

- IHcmpymenmapii 8i3yanizayii eHepeemuynux mooeneti ma CmpyKmypy
yugposozo ananimuyHo2o npocmopy, 1o 3ade3nevyye apryMeHTOBAaHE YXBaJICHHS
NPOEKTHUX PIllICHb Y MPOIECi eHeproe(eKTUBHOIO MPOEKTYBAHHS. AHATITHIHUN
IPOCTIp pealli3oBaHO K IHTErpoBaHe IUdpoBe cepenoBuile, ke 00’ eanye BIM-
mozeni, anroputmu I, 3acobu enepromonitTopunry ta DSS-monyni B enuHoMy
IHTEJIEKTYyaJIbHOMY KOHTYp1 aHaJi3y;

- nioxio 0o immeepayii meniomexHiyHo2o Mmoodenrosanus y BIM-
cepedosuuye, MO HAJla€ MOMJIMBICTD 3IIMCHIOBATH JTUHAMIYHUN aHATI3 TEIJIOBUX
pexuMiB OyAiBelb Ha BCIX eTamax >XUTTEBOTO IUKITY, MIABHUINYIOYH TOYHICTH
OI[IHIOBAaHHA EHEPreTUYHUX XaApaKTePUCTUK. YJOCKOHAJIEHHA Tependavae
BUKOPUCTaHHS MPOCTOpOBO-TeonpuB’sizanux nanux (PostGIS) ta B3aemomioo 3
BIM-cepBepamu is CHHXpPOHI3allli PO3paxyHKOBHUX 1 MPOEKTHUX MapaMeTpPiB Y
peaNbHOMY Yaci;

HAOYIU NOOAILULOZ0 PO3EUMKY:

- KOHYenmyaubHi 3acadu QOpMY8aHHA DOPMANI308aHO20 NPOCMOPY
NPOEKMYBAHHS, SIKHM BPAXOBYE TMOKA3HUKW €HEProeeKTUBHOCTI, BHYTPIIIHIO
TEPMOJIWHAMIKY OymiBIl Ta 30BHINIHI KIIMAaTHYHI BIUIMBH, IO 3a0e3meuye
KOMITJIEKCHY OIlIHKY PH3HWKIB 1 TIJBUIILYE TOYHICTh ONTUMI3AIlli pIIICHB.
PozmupenHs migxoay mojsirae y BpaxXyBaHHI CIieHapiiB 6aratoakTopHUX 3arpo3 i
aJanTUBHOMY KOPUT'YBaHHI MapamMeTpiB MOJIeJl Ha OCHOBI MPOTHO3HUX aJITOPUTMIB

MAallIMHHOI'O HaBYaHH,



- HAYKOBO-NPUKIAOHI ~ NOJOJNCEHHS  ABMOMAMU308AHO20  GUSGNEHHS
eHepeemuyHux  3a2po3 I CcYyeHapii@  KpUMuU4Hux  6naueie,  3yMOBIEHUX
eKCIUTyaTalliIfHUMU Ta 30BHIIIHIMA YMHHUKaMH. CyTTEBO OHOBJIEHO MEXaHi3MIB
paHHBOI JIarHOCTUKM BIAXWJIEHb E€HEProCIOXMBAaHHA Ha OCHOBI aHami3y
notokoBuX loT-ganux Ta iHTENEKTYanbHOI KIacu(piKallil pU3HKiB.

OcHOBHHUIT 3MICT AUCEPTALiITHOI POOOTH.

HucepratiiiHy po0OTy TPHUCBIYCHO PO3B'SI3aHHIO HAYKOBO-TIPHUKJIAIHOT
npo0ieMH MIABULIEHHS €(PEKTUBHOCTI MPOEKTYBAHHS E€HEProolIaJHUX OyAiBelb
IUIIXOM CTBOPEHHS IHTENEKTYyajabHO1 1H(OPMALIHHOT CUCTEMU MIATPUMKH PIllICHb,
mo noOyaoBaHa Ha rMOOKiM iHTerpamii BIM-TexHomnoriid, 1HCTpYMEHTIB
MITY9HOTO IHTEJNEKTY Ta METOMIB €HEProMOJICIIOBaHHI. Y MexXaxX IOCIHiKCHHS
chopMOBAaHO METOOJIOTIYHE TMIATPYHTS Uil ToOya0BH  (hopMasizoBaHOTO
POCTOPY MPOEKTYBaHHS, IO BpPaxOBYE TEPMOJMHAMIYHI, KOHCTPYKTHBHI Ta
KJIIMAaTHYHI YUHHUKU. PoO3po0seHi alropuTMu  JTO3BOJIAIOTH  3/IHCHIOBATH
OaraToKpuTepiaIbHUH  aHali3  albTePHATUBHUX  apXITEKTYPHO-1HKEHEPHUX
pillieHb, MOJIETIOBAaTH TEIIONMPOBIAHICTh 1 MPOTHO3YBAaTH EHEPTeTHYHI BTpaTH
OyniBesib 3 BUCOKOIO TOuHICTIO. [IpakTyHa peanizaiiis 3anporoHOBaHOT CUCTEMH
CTBOPIOE TIEPEyMOBH JUIsI aBTOMATH3allli TPOIECIB EHEproMo/IeIIOBAHHS,
BUSIBJIICHHS 3arpo3 eHeproeekTuBHOCTI Ta (OPMYyBaHHS ONTHUMAJIbHUX PIIICHB Y
IU(POBOMY CEPEAOBHIII IPOEKTYBAHHS OY/IBEIIb.

IIpogiona Haykosea iHHOBayis TONATAE y PO3poOIl KOMIUIEKCHOI MOJei
aJanTHBHOTO 0AaraTOKPUTEPIAIBHOTO BHOOPY apXITEKTYPHHUX 1 TEXHIYHUX DIIICHb
Ha TPYHTI IHTENEKTyaJIbHUX AJITOPUTMIB HEHITKOI JIOT1KH, TIMOMHHUX HEHPOHHHUX
MEpEeK Ta METONIB OmopHHX BekTopiB (Support Vector Machines, SVM),
iHTerpoBanux y BIM-cepenopume. OOrpyHTOBaHO KOHIEMIIIO (HOPMAIi30BAHOTO
aJAMIHICTPYBaHHS JIOCATHEHHS IUTROBUX TapaMeTpiB €HEepProe(eKTUBHOCTI 13
3aCTOCYBaHHSIM MIKpPOCEpBICHOI apxiTekTypu Ta mMonayibHOI IT-iHdpacTpykTypHn.
3anporoHoBaHa CUCTEMa CTBOPIOE MU(PPOBHUI aHANITUYHUM MPOCTIP, 3AATHUN 10
CaMOHABYaHHS Ta aJjanTamii, o 3a0e3nedyye JUHAMIYHUNA MOHITOPUHT,

MPOTHO3YBaHHS Ta ONTHUMI3AII0 EHEPreTUYHUX XapaKTepUCTUK OyiBesb



MPOTATOM yChOIO KHUTTEBOro uukiay. Lle BiAKpMBae HOBI MOXIIMBOCTI ISt
NPAaKTHYHOTO  BOPOBA/DKCHHA  IHTENEKTyallbHUX  TEXHOJOTIH y  cdepy
MIPOEKTYBAHHS Ta KEPYBaHHS €HEProe(PEeKTUBHICTIO 00’ €KTIB OyAIBHULTBA.

3a pe3ynpTaTaMu JOCIKEHHS! BUKOHAHO HACTYITHE:

1. CTBOpeHO aHaNITUYHUNA NPOCTIP Uil KOMILIEKCHOI OLIIHKU pIBHS
eHeproeeKTUBHOCTI ~ Oy[iBeNb 13 BHUKOPUCTAHHAM LHUPPOBUX  MOJEjeH,
eKCMIEPTHUX CHUCTEM Ta MPOrPpaMHUX MOJIYJIB, IO TO3BOJISIOTH MPOTHO3YBATH
TETUIOBTPATH, aJanTHBHO MOJEIIOBATH  OTOPOKYBaIbHI  KOHCTPYKIIi Ta
3MIACHIOBATH I1HAMKATUBHY OILIIHKY €(QeKTUBHOCTI eHeproButpaT. llpoBenena
armpoOaitist miATBEepAnIa BUCOKY TOYHICTh Ta HAAIMHICTh 3aIIPOMIOHOBAHUX PIIICHb.

2. 3anponoHOBaHO  (PYHKIIOHAIbHY apXITEKTypy 1HGOpMAaIiitHOro
CepeloBHINA IS MIATPUMKHA TIPOIECIiB EHEProe(PeKTHBHOTO MPOEKTYBaHHS,
noOy/0BaHy Ha MIKPOCEPBICHIN CTPYKTypi, 10 3abe3neuye MacIiTabOBaHICTB,
aBTOMAaTH3allil0 Ta CaMOHABYaHHS Ha OCHOBI PEAJbHUX JaHUX EHEeproayauTy,
iHTerpyroun 1mudposi Moaeni BIM Ta aaropuT™Mu IITYYHOTO 1HTEIEKTY B €IUHY
CUCTEMY MIITPUMKH PIlICHb.

Y nmepmiomy po3aini jgucepramiiiHoi  po6otn  «Cucmemamuszayis
IHhopmayitiHux mexHoNo2il ma iXHIX KOMNOHEHmM 6 KOHMmeKCmi NOwyKy ma
8UOOPY  ANbMepHAMUE NPOEKMYBAHHA eHepeooOwaoHux 0ydieeavy» 3IIACHEHO
cucTeMarm3alliro iHGOpMaIIHfHUX TEXHOJIOTIH Ta iXHIX KOMIIOHEHTIB Y KOHTEKCT1
MOIIYKY 1 BHUOOPY aIbTEPHATHUB TMPOEKTYBAHHS EHEProOMaTHUX OY/IiBElb.
[IpoBeneHo ompalfoBaHHS MOHSATIHHOIO amapary HI0J0 CYMICHOTO 3aCTOCYBaHHS
mTy4yHoro iHTenekty Ta [T sk TeopeTWdHOro MIATPYHTS IJIsi OOTPYHTOBAHOTO
BUOOPY MPOEKTHHUX PIIICHB 3 PAllIOHATIBHUMHU €HEPTeTUIYHIUMH XapaKTEPUCTUKAMHU.
PosrmstnyTo 3acamu, BisyanbHO-rpadiuHi Ta 1HCTpYMEHTaIbHI MOXIUBOCTI BIM-
TEXHOJIOT1H Ta iHMMX [ T-KOMITOHEHTIB JUTsl aBTOMATH3allii MPOIIECiB MPOEKTYBAHHS
y UHKI MiATOTOBKH  TMPOEKTIB  eHeproedekTuBHUX OymiBenb. OkpemMo
c(hopMyThOBAaHO TIOCTAHOBKY 3ajiadil JOCIHIIHPKEHHS Ta HAYKOBY TIMOTE3y OO0
noriibHOCTI 1HTErparlii I y BIM-cepenoBuiiie aist migBUIIIEHHS aIallTUBHOCTI Ta
BAapIaTUBHOCTI NPOEKTHUX pIlIEHb. 3a pe3yJbTaTaMUd TEOPETUYHOTO aHaji3y

c(hOpMOBaHO CHCTEMHE YSABJICHHS MpPO TMOHATIMHO-KaTeroplajJbHUM amapar



U(PpPOBOro MPOEKTYBaHHS, B3a€MO3B’SI3KM MDK 1H()OpPMAIIHHUMHU TEXHOJIOTISIMU,
I, BIM, koHuenuieo nu@ppoBOro IBIMHMUKA Ta eMEPKEHTHICTIO K BIACTHBICTIO
uudpoBoro cepenoBuiia. OOIPYHTOBAaHO 3MIHY MapajurMU  CY4acHOTO
apXITEeKTYPHOTO MPOEKTYBAHHSA - BiJl JIHIKHOrO /10 aJaNTUBHOIO KOTHITUBHO-
KepoBaHoro mnpouecy. [losegeHo ponbp BIM sk iHTerpaTuBHOI 1uiatopmu ass
B3a€EMO/IiT TEOMETPUYHUX MOJIeeH, IHKEHEPHUX NaHuX, aHATTHYHUX Os1okiB 111
Ta ceHcopHoi iH@opmarii I[oT. 3ampornoHoBaHO MiAXOAM 1O BUMIPIOBAHHS
€MEP/PKEHTHOCT1 Ta CUCTEMAaTU30BaHO IHCTPYMEHTANbHI, Bi3yalibHl W aHANITHYHI
komnoHeHTH BIM-cepenoBuina. BusHaueHo HayKoBy TimoTe3y Ta KIHOYOBI
JOCHIAHUIBK] 3aBJIaHHSA, CTPYKTYpOBaHO CHUCTEMY IiJ3ajay, 10 3a0e3nedyroTh
dopmanizoBanmii  BUOIp ~ TMPOEKTHUX  aJbTEpPHATUB 3  ypaxyBaHHSIM
eHeproeeKTHBHOCTI. Pe3ymbraté  po3aity | ChOyryloTh TEOPETUYHHM —Ta
METOAOJIOTTYHUM  IMATPYHTSIM I TOOYIOBU  aHAJITUKO-(YHKI[IOHAIHLHOTO
Cepe/ioBUIla Ta pO3poOKH HHUGPPOBUX TPOTOTUINIB y HACTYIMHHUX PO3JLIaAX
JUCepTaIlii.

Y apyromy po3saiii gucepraitii « Memoouuni ma @yHKyioHanbHO-MexHiuHi
KOMNOHEHMU 3aCMOCY8AHHS THHOPMAYITIHUX MEXHON02Il 011 A8MOMAMU308AHO20
NPOEKMYBAHHSL eHepaoedhekmueHux 0y0digesb» KOMIUIEKCHO OOIPYHTOBAHO Ta
peanizoBaHO METOJWYHI, MaTeMaTH4HI Ta TEXHIKO-(YHKI[IOHAIBHI OCHOBH
3aCTOCYBaHHS 1H(POPMAIIMHUX TEXHOJOTIM ISl aBTOMATH30BAHOTO MPOEKTYBAHHS
eHeproeekTUBHUX OyiBENb 13 3aCTOCYBAaHHSM INTYYHOTO iHTENEeKTy Ta BIM.
CdopmynboBaHO Ta anpoOOBaHO IHTETPOBAHUM KOTHITHBHO-CBOIIOLIIMHUHN IT1IX1]T
(IKEII), saxuit 00’enHye riauOOKe HaBUYaHHS, E€BOJIOIINHI QJITOPUTMHU, HEUITKY
noriky Ta baitecoBi mepexi mayis 6araTOKpUTEpiadIbHOTO aHANI3y 1 MPOTHO3YBAHHS
€HEPrOoCTOKMBAHHS, OLIHKM PHU3WKIB Ta TeHepallii ONTUMaIbHUX apXITEKTYPHUX
pimerb. Po3po0ieHo dYiTKy CTPYKTYpy BXIIHHUX TapaMmeTrpiB Ha TpyHTI BIM-
MOJIEIIi, 1[0 OXOTUTIOE TEOMETPHYHI, KOHCTPYKTHBHI, IHKEHEPHI Ta eKCIUTyaTaIliiHi
XapaKTepUCTUKH OyaiBii, (GopMyrOdM MPOCTIp O3HAK MJisi TMOOYIOBH MOJENeH
MPOTHO3YBAaHHS EHEPrOCHOXKMBaHHA. MaremarnuHi ¢opmanizaiii  TaudoKol
HEUPOHHOT MEpEeki, CTOXACTUYHOTO TpaJIEHTHOTO CHOYCKYy Ta (YHKIIA BTpaT
(MSE, MAE, Huber) 3a6e3ne4yioTh BUCOKY TOYHICTH Ta y3arajbHEHICTh MOJICIICH.

3anporoHOBaHO Ta MpoTecToBaHO eBostoniiiHl anroputMu (NSGA-II ta PSO) nns



BUOOpPY ONTHUMAJIBHUX KOH(Irypaliid IPOEKTHUX PIlIEHb 32 OararbmMa KpUTEPIIMH
3  ypaxyBaHHSIM TEXHIKO-€KOHOMIYHMX, €HEpPreTHYHUX Ta KOM(POPTHUX
napameTpiB, a TAKOXK peaai30BaHO MOJIEIII Ha IPYHT1 HEUITKOT JIOTIKU JIsl pOOOTH B
yMOBaxX HeBU3HaueHOCTI. [HHOBali€l0 € BukopucTaHHS bailecoBux mepex s
OLIIHKM PHU3UKIB, L0 JI03BOJISIE BPAaXxOBYBATH MMOBIPHICHY NPUPOJY PHU3UKIB Yy
mpoiieci BUOOPY MPOEKTHOrO pimieHHs. [HTerpamis mux MNiAXOIB 3AliICHEHAa B
pamkax apxitektypu Al-BIM Regulatory Intelligence, sxa 3abe3neuye
aBTOMAaTHM30BaHy HOPMAaTHBHY Balilallito, TeHEPAIil0 MPOEKTHUX aTbTEPHATHB, 1X
OaraTokpuTepialibHe paHKyBaHHS Ta Bi3yalizallito B cepeaoBuili Revit. CTBopeHo
OPOTOTUN MIHIMAIBHO KHUTTE3AATHOro Mnpoaykry (Minimum Viable Product,
MVP), axuit ciayrye iHCTpYMEHTOM Ui apXiTEKTOPIB, 1HXKEHEPIB, €KCIEPTIB Ta
OCBITHIX YCTaHOB, € aJalTOBAaHUM JI0 YKpaiHChKOTO HOPMATHUBHOTO KOHTEKCTY Ta
HiITBEPKYE MPAKTUYHY I[IHHICTH 3aIIPONIOHOBAHOT CHCTEMHU.

Y TperbomMy po3aiii aucepranii «Axanimuko-npuxkiaone 3abe3nedeHus ma
cnpamyeannus Il na eubip eapianmie enepeoeexmusHocmi  0y0igenby
KOMIUIEKCHO ~ PO3TJSHYTO  aHAJIITUKO-TIPUKIAHI  aCleKTH  BIPOBAXKECHHS
MTYYHOTO 1HTEJIEKTY Y TPOIEeCH TPOEKTYBaHHS, aHalizy Ta ONTUMi3alii
eHeproedekTuBHUX OyniBenb. [lokazano 3acrtocyBanHs MoxiauBocte LI mns
dbopmaizoBaHOTO0 PO3B’SI3aHHS 3aJa4 TEIIOMPOBIAHOCTI MiJ Yac TMiATOTOBKHU
UKy TPOEKTIB CHEProomaaHux OymiBenb, 10 3abe3reuye BpaxyBaHHS
TCOMETPUYHMX, MaTeplaibHUX, KIIMATHYHUX Ta EKCIUTyaTallliHUX IapaMeTpiB
olHOYacHO. Po3po06ieHo i1HTEerpoBaHWN AaHAMITHYHUN TPOCTIP ISl BHSIBICHHS
CYKYITHOTO PiBHSI €HeproeeKTUBHOCTI OyiBJIi, SIKMIA JT03BOJIsIE 00’ €THATH JIaHi 3
BIM-Mozeneit, ceHCOpHHX MepeX Ta MNUGPOBUX TACHOPTIB 00’ €KTIB.
dopmaltizoBaHO MpOIeCYaabHI Ta €KCIEPTHI KOMIOHEHTH MUGPOBOTO IPOCTOPY,
mo 3a0e3meduyloTh HaAIMHWK cTaH OyaiBiai MOA0 eHeproepeKTUBHOCTI Ta
aJlaniTHBHE KOPUTYBAaHHS IMPOEKTHUX PIllIEHb BIJITOBIIHO IO 3MiH Y CEPEJIOBHIIII Ta
eKCIUTyaTamifHnX pexkumax. OcoOmMBY yBary NpuauUIeHO CTBOpeHHIO Mojaeni DNN
(Deep Neural Network), HaBueHOi Ha TiACTaBI pealbHUX JAHUX CHEPrOAYAMTIB 1
cumyisiidi - BIM, mo  103Bojisie  IIBUAKO — OI[IHIOBATH  €(EKTHUBHICTH
OrOPOJIKYBaJbHUX KOHCTPYKIIA 3 BHCOKOK TouHicTio (MAE < 5,2 Bt/M?) Ta

IHTErpyBaTH pe3yJbTaTH B UUQPPOBlI ABIMHUKK OyJiBesb. 3ampOIIOHOBAHO



MpoILeAYypr ONTUMI3alll TEIUIOBONAIIMHUX MaTepiaiiB 3 BUKOPUCTAHHSIM
reHeTHuHuX anroputMmiB (GA) Ta HewiTkoi Joriku (Fuzzy Logic), 1o ckopouyroTh
yac MPOEKTYBAHHS 1 MIIBHILYIOTh TOYHICTh YXBajJe€HHS piunieHb. Po3pobiieHo
MiIXOIM JI0 POTHO3YBAaHHS TEIUIOBUX BTPAT Y TMHAMIYHOMY YaCOBOMY KOHTEKCTI,
BKJIIOYHO 3 CE30HHUMM 3MiHamu, kiiMatuuHumu creHapismu (RCP 4.5/8.5) Ta
yMOBaMH eKcmutyaTtamii OyxiBmi. s 1poro 3actocoBaHi TiOpUAHI MojeNi
LSTM/GRU Ta Prophet, mo g03Bomst0Th nepeadavatu 3mMiny TemioBTpar Q(t) Ha
3-5 poKiB yrnepe, BU3HAYaTH MEepioAM MIKOBUX BTPAT Ta KPUTUYHI 30HU (acaiy.

Y derBepromy po3aini  auceprauii  «Peanizayin  modeni  ma
eKCnepuMeHmaibHi 00CAi0HCeHHs» TOAaHO KOHLEIIII0 MOO0YJOBU IHTETPOBAHOTO
aHANITUYHOTO mpocTopy, sAkuil moeanye BIM, cencopni gani, I Ta momymi
yXBaJIeHHA pilieHb. [HhopmalliiiHa cucteMa BUKOHYE (YHKIIIIO K pO3paXxyHKOBO-
aHAMITUYHOTO  SiApa, TaK 1  KOTHITUBHOTO  IHCTPYMEHTY  KEpyBaHHS
eHeproeeKTUBHICTIO, 110 MIATPUMYE TUHAMIYHUI MOHITOPUHT y pealbHOMY 4Yaci,
3D-Bizyanizaiiro gJaHuX Ta (OPMYyBaHHS CYKYITHOTO 1HJIEKCY €HeproedeKTHBHOCTI
(SBEI). Pospobnena indopmalliiiHa cucTeMa peaii3oBaHa SK MOIYJBHO-
IHTErpoBaHa CTPYKTYypa, ¢ KOMIIOHCHTH B3a€EMOJIIIOTh yepe3 yHi(pikoBaHI TOTOKHU
nanux. [{ukmiaamii moTik iHGopmarii Big Revit, ceHCOpIB Ta CUMYJISATOPIB - 10
aHAMITUYHUX MOJYJIB, CUCTeMHU MiaATpuMkH pimenb (Decision Support System,
DSS) Tta Bizyaunizaiii - 3BOpOTHRO BIUIMBAE Ha aJalTallil0 Ta TTOBTOPHE HaBYAHHS
Mozenel. YpaxyBaHHA YKPaiHCBKUX HOPMATHBIB, KIIMAaTHYHUX OCOOJIMBOCTEH 1
KUTJIOBOI 3a0ymoBu  3a0e3meyye BHCOKMM  pIBEHb  ajamnTaiii CHCTEMH,
MO3UIIOHYIOYM 11 SIK yHIKadbHE PIMICHHS 7 HAI[lOHATIBHOTO PHUHKY
aBTOMAaTU30BAaHOT0 €HEProe(eKTUBHOIO MPOEKTYBAHHS Ta HU(PPOBOTO KEPyBAHHS
OyiBIISIMHU.

Kniwowuosi cnoea: intenexktyanpHa iHGopmariiitna cuctema  (IIC),
MiKpocepBicHa apxitekTypa, monenb DNN, mudposuit asiitnuk, BIM, mryunuii
IHTEJICKT, MAaIlMHHE HaBYaHHS, TJIIMOWHHI HEWPOHHI MEpEeXi, HEYiTKa JIOTiKa,
OaraToKkpuTepiadbHUN aHaNi3, MOJYJIHHO-IHTETPOBaHA CTPYKTypa, IUGPOBHIA

eHeproayauT Oy/IiBIi.
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Fedorchenko M.A. Intelligent information system for supporting the
selection of energy-saving building alternatives using artificial intelligence. -
Qualification scientific work in the form of a manuscript.

Dissertation for the degree of Doctor of Philosophy in specialty 126 -
“Information Systems and Technologies”. Kyiv National University of
Construction and Architecture. Kyiv, 2026.

The dissertation is devoted to the formation of scientific, methodological and
applied methods for improving and adapting intelligent information systems for
selecting optimal alternatives for energy-saving buildings, based on the integrated
application of artificial intelligence, multifactor analysis and localized energy
efficiency indicators.

The scientific novelty of the work lies in the formation of a digital
analytical space and applied tools for selecting alternatives for energy-efficient
buildings using artificial intelligence, BIM technologies, intelligent analytical
systems and automated detection of energy threats throughout the life cycle of the
object.

For the first time, the following was developed:

- an intelligent information system for automated control of processes for
ensuring energy efficiency of buildings, in which the BIM environment
implements the function of an integrator of a single digital space, accumulation and
exchange of data between all project stakeholders, and the artificial intelligence
subsystem acts as an analytical core for decision support. The system is built on the
principles of microservice architecture with API interaction and centralized
administration of energy efficiency parameters, which ensures scalability and
interoperability of components throughout the life cycle of the object.

- an adaptive model of multi-criteria selection of architectural and
engineering solutions using fuzzy logic algorithms, neural networks and support
vector methods (SVM), which ensures the formation of rational parameters in
complex conditions of multifactor uncertainty; based on 10T components, thermal
modeling and machine learning methods, a cognitive system capable of self-
learning and forecasting design parameters has been implemented. The model



forms and implements a new paradigm of cognitively guided design, which
combines local energy consumption indicators with global criteria of technical and
economic efficiency.

Improved:

- the visualization tools of energy models and the structure of the digital
analytical space, which ensures the reasoned adoption of design decisions in the
process of energy-efficient design. The analytical space is implemented as an
integrated digital environment that combines BIM models, Al algorithms, energy
monitoring tools and DSS modules in a single intelligent analysis circuit.

- an approach to integrating thermal modeling into the BIM environment,
which provides the ability to perform dynamic analysis of thermal regimes of
buildings at all stages of the life cycle, increasing the accuracy of energy
performance assessment. The improvement involves the use of spatially
georeferenced data (PostGIS) and interaction with BIM servers to synchronize
design and design parameters in real time.

The following have been further developed:

- conceptual principles for forming a formalized design space that takes into
account energy efficiency indicators, internal thermodynamics of the building and
external climatic influences, which provides a comprehensive risk assessment and
increases the accuracy of solution optimization. The approach is expanded to
include multifactor threat scenarios and adaptive adjustment of model parameters
based on predictive machine learning algorithms;

- scientific and applied provisions for automated detection of energy threats
and critical impact scenarios caused by operational and external factors. The
mechanisms for early diagnosis of energy consumption deviations based on
analysis of streaming loT data and intelligent risk classification have been
significantly updated.

The main content of the dissertation work.

The dissertation work is devoted to solving the scientific and applied
problem of increasing the efficiency of designing energy-efficient buildings by
creating an intelligent information system for decision support, which is built on
the deep integration of BIM technologies, artificial intelligence tools and energy



modeling methods. Within the framework of the research, a methodological basis
has been formed for building a formalized design space that takes into account
thermodynamic, structural and climatic factors. The developed algorithms allow
for multi-criteria analysis of alternative architectural and engineering solutions,
modeling thermal conductivity and predicting energy losses of buildings with high
accuracy. The practical implementation of the proposed system creates the
prerequisites for automating energy modeling processes, identifying energy
efficiency threats and forming optimal solutions in the digital environment of
building design.

The leading scientific innovation is the development of a comprehensive
model of adaptive multi-criteria selection of architectural and technical solutions
based on intelligent fuzzy logic algorithms, deep neural networks and support
vector machines (SVM) methods integrated into the BIM environment. The
concept of formalized administration of achieving target energy efficiency
parameters using microservice architecture and modular IT infrastructure is
substantiated. The proposed system creates a digital analytical space capable of
self-learning and adaptation, which provides dynamic monitoring, forecasting and
optimization of energy characteristics of buildings throughout the entire life cycle.
This opens up new opportunities for the practical implementation of intelligent
technologies in the field of design and management of energy efficiency of
construction facilities.

According to the results of the study, the following was accomplished:

1. An analytical space was created for a comprehensive assessment of the
energy efficiency of buildings using digital models, expert systems and software
modules that allow predicting heat loss, adaptively modeling enclosing structures
and carrying out an indicative assessment of the efficiency of energy consumption.
The testing confirmed the high accuracy and reliability of the proposed solutions.

2. A functional architecture of the information environment was proposed to
support energy-efficient design processes, built on a microservice structure that
provides scalability, automation and self-learning based on real energy audit data,
integrating BIM digital models and artificial intelligence algorithms into a single
decision support system.



In the first section of the dissertation work “Systematization of information
technologies and their components in the context of searching for and selecting
alternatives for designing energy-efficient buildings”, a systematization of
information technologies and their components in the context of searching for and
selecting alternatives for designing energy-efficient buildings was carried out. The
conceptual apparatus for the joint use of artificial intelligence and IT as a
theoretical basis for a well-founded choice of design solutions with rational energy
characteristics was studied. The principles, visual-graphic and instrumental
capabilities of BIM technologies and other IT components for automating design
processes in the cycle of preparing projects for energy-efficient buildings were
considered. The research problem statement and a scientific hypothesis were
separately formulated regarding the feasibility of integrating Al into the BIM
environment to increase the adaptability and variability of design solutions. Based
on the results of theoretical analysis, a systematic understanding of the conceptual
and categorical apparatus of digital design, the relationships between information
technologies, Al, BIM, the concept of a digital twin, and emergence as a property
of the digital environment has been formed. The paradigm shift in modern
architectural design is justified - from a linear to an adaptive cognitively guided
process. The role of BIM as an integrative platform for the interaction of geometric
models, engineering data, analytical Al blocks, and 10T sensor information has
been proven. Approaches to measuring emergence have been proposed and the
instrumental, visual, and analytical components of the BIM environment have been
systematized. A scientific hypothesis and key research tasks have been determined,
and a system of subtasks has been structured that provide a formalized selection of
design alternatives taking into account energy efficiency. The results of section 1
serve as a theoretical and methodological basis for building an analytical and
functional environment and developing digital prototypes in the following sections
of the dissertation.

In the second section of the dissertation “Methodological and functional-
technical components of the application of information technologies for automated
design of energy-efficient buildings”, the methodological, mathematical and
technical-functional foundations of the application of information technologies for



automated design of energy-efficient buildings using artificial intelligence and
BIM are comprehensively substantiated and implemented. An integrated cognitive-
evolutionary approach (ICEA) has been formulated and tested, which combines
deep learning, evolutionary algorithms, fuzzy logic and Bayesian networks for
multi-criteria analysis and forecasting of energy consumption, risk assessment and
generation of optimal architectural solutions. A clear structure of input parameters
has been developed on the basis of the BIM model, which covers the geometric,
structural, engineering and operational characteristics of the building, forming a
feature space for building energy consumption forecasting models. Mathematical
formalizations of deep neural networks, stochastic gradient descent and loss
functions (MSE, MAE, Huber) provide high accuracy and generalizability of
models. Evolutionary algorithms (NSGA-II and PSO) have been proposed and
tested to select optimal configurations of design solutions according to many
criteria, taking into account technical and economic, energy and comfort
parameters, and fuzzy logic models have been implemented for working under
uncertainty. The innovation is the use of Bayesian networks for risk assessment,
which allows taking into account the probabilistic nature of risks in the process of
choosing a design solution. The integration of these approaches is carried out
within the framework of the AI-BIM Regulatory Intelligence architecture, which
provides automated regulatory validation, generation of design alternatives, their
multi-criteria ranking and visualization in the Revit environment. A prototype of a
Minimum Viable Product (MVP) has been created, which serves as a tool for
architects, engineers, experts, and educational institutions, is adapted to the
Ukrainian regulatory context, and confirms the practical value of the proposed
system.

The third section of the dissertation, “Analytical and applied support and
direction of Al for the selection of energy efficiency options for buildings,”
comprehensively considers the analytical and applied aspects of implementing
artificial intelligence in the processes of design, analysis and optimization of
energy-efficient buildings. The application of Al capabilities for the formal
solution of thermal conductivity problems during the preparation of the design

cycle of energy-efficient buildings is shown, which ensures that geometric,



material, climatic and operational parameters are taken into account
simultaneously. An integrated analytical space has been developed to identify the
overall level of energy efficiency of a building, which allows combining data from
BIM models, sensor networks and digital passports of objects. The procedural and
expert components of the digital space have been formalized, ensuring a reliable
state of the building in terms of energy efficiency and adaptive adjustment of
design solutions in accordance with changes in the environment and operational
modes. Particular attention is paid to the creation of a DNN (Deep Neural
Network) model trained on the basis of real data from energy audits and BIM
simulations, which allows for rapid assessment of the efficiency of building
envelopes with high accuracy (MAE < 5.2 W/m?2) and integration of the results into
digital twins of buildings. Procedures for optimizing thermal insulation materials
using genetic algorithms (GA) and fuzzy logic (Fuzzy Logic) are proposed, which
reduce design time and increase the accuracy of decision-making. Approaches to
predicting heat losses in a dynamic time context are developed, including seasonal
changes, climate scenarios (RCP 4.5/8.5) and building operating conditions. For
this purpose, hybrid LSTM/GRU and Prophet models are used, which allow
predicting the change in heat loss Q(t) for 3-5 years in advance, determining peak
loss periods and critical facade zones.

The fourth section of the dissertation, "Model Implementation and
Experimental Studies,”" presents the concept of building an integrated analytical
space consisting of BIM, sensor data, Al, and decision-making modules. The
information system functions as both a computational and analytical core and a
cognitive energy efficiency management tool that supports dynamic real-time
monitoring, 3D data visualization, and the formation of a cumulative energy
efficiency index. The developed information system is implemented as a modular-
integrated structure, where components interact through unified data flows. The
cyclical flow of information from Revit, sensors, and simulators to analytical
modules, a decision support system (DSS), and visualization has a negative effect

on the adaptation and retraining of models. Taking into account Ukrainian



standards, climatic features, and residential development provides a high level of
system adaptation, positioning it as a unique solution for the national market of
automated energy-efficient design and digital building management.

Keywords: intelligent information system (I1S), microservice architecture,
DNN model, digital twin, BIM, artificial intelligence, machine learning, deep
neural networks, fuzzy logic, multi-criteria analysis, modular-integrated structure,

digital energy audit of a building.



