AHOTAILUS

Baxoeuu /. 0. — Y 10cKOHAJIEHHs1 OPraHi3alil NPoeKTYBaHHA 00'€KTiB B yMOBax
uudposizauii. — Kearigikayitina nayxosa npays Ha npasax pyKonucy.

Jluceprartlist Ha 3100yTTS HAYKOBOTO CTymeHs JAokTopa (pinmocodii ramysi 3HaHb 19
«ApxiTektypa Ta OyIiBHHITBO» 3a crerianbHICTIO 192 — «bymiBHUIITBO Ta IMBUIbHA
1HKeHepis». KHiBChbKUI HalllOHAJIBHUM YHIBEPCUTET Oy IIBHUIITBA 1 apXITEKTypHu. — M. KuiB,
2026.

JlucepTarlito mpucBIYEHO HAYKOBO-METOAHMYHOMY OOTPYHTYBAaHHIO Ta PO3POOICHHIO
MIJXO/IB 10 YAOCKOHAJIGHHS OpraHizailii mpoeKTyBaHHS 00’€KTiB OyJIIBHHUIITBA B YMOBaX
uudposizaiii ramysi. Pobora cnpsimoBaHa Ha (QopMyBaHHS Cy4aCHOTO OpraHi3aliifHOro
IHCTpYMEHTApII0  yOpaBIiHHSA TMpOIEecaMUd  MPOEKTYBaHHS, 3JaTHOTO  3a0e3Me4uTH
MIJBUIICHHS SIKOCTI MPOEKTHUX PIlIEHb, €PEKTUBHOCTI B3a€MO/III YUaCHUKIB MPOEKTHOTO
MPOIIECY Ta aIATUBHOCTI JI0 3MiH CEPEIOBHIINA pealtizallli OyaiBeIbHUX MPOEKTIB.

JIoCATHEHHsI TOCTaBJIEHOI MeTH mependayae po3poOJEHHS METOJUYHUX 3acall
urdpoBoi TpaHcpopmarlii opranizailii IPOEKTYBaHHS Ha OCHOBI 1HTerparlii iHpopmariiiHux
TEXHOJIOT1M, CUCTEM MIATPUMKHU MPUUHATTS PIIICHb 1 MEXaHI3MIB YIIPaBIiHHS 3HAHHSIMHU.
Oco0nMBy yBary mpHIUICHO aBTOMAaTH3aIlli KOHTPOJO SKOCTI MPOEKTHOI JOKYMEHTAIII],
IHTENEeKTyalli30BaHiil Bepu(ikalli MPOEKTHUX pilleHb Ta (opmamizauli npogeciiHoro
JOCBiy (haxiBIiB Y EAUHOMY HUGPOBOMY CEPEIOBHIIIL.

[IpakTyHa peamizailisi 3ampoONOHOBAHUX MIAXOJIB CHOPUSTUME MiABUIIECHHIO
€(EKTHUBHOCTI AISUIbHOCTI MPOEKTHUX OpraHi3alliil, 3HUKEHHIO PU3UKIB IPOEKTHUX KOMI311
Ta 3a0€3MEUYEHHI0 CTajJoro pO3BUTKY OyiBeNbHOI ramdy3i B yMoOBax IU(POBOi
TpaHchopmailii OyAiBHULITBA.

Haeanvuicmo nposedentsn 0ocnioxcents 3yMOBIIEHA TOCTPOIO TTOTPEOOO Y CTBOPEHHI
MeXaHi3MiB MacmTaOyBaHHS €(QEKTHUBHUX MPOEKTHUX METOJMK B yMOBax JediluTy
BHCOKOKBaTI(h1KOBAaHUX KaJPIB HA TJII 3POCTAHHS OOCSTIB PEKOHCTPYKIIT Ta B1IHOBJICHHS

0o0’extiB. CyuacHuil eram pO3BUTKY OYIiBEJIbHOI Tally3l BUMAarae meEpexoly BiJ



TPAAMIIINHUX, TEPCOHATO3ICKHUX IMIIXOMIB J0 IHTEIEKTYyallbHUX CHUCTEM, 37aTHUX
dbopmaizyBaTH, HAaKONMUYYBaTH Ta BIATBOPIOBATH TMpOdeCciiHUN JIOCBIA IPOBITHUX
1HXKEHEePIB.

Jlns po3B’si3aHHs 1€l TpoOiieMu B poOOTI OOTPYHTOBAHO CTBOPEHHSI €IUHOTO
IHTEJIEKTYyaJIbHOT'O KOHTYpY, 110 3a0e3reuye 0e3nepepBHICTh Ta Y3TOHKEHICTh MPOEKTHUX
pillIeHb HE3aJIeKHO BiA (PI3UYHOTO PO3TAIlyBaHHS yYaCHUKIB KOMaHAHW. BrpoBamxeHHs
pO3pO0ICHNX 1HCTPYMEHTIB aBTOMATH30BaHOi BepudiKallii JOKyMEHTAIlll J03BOJISIE
TpaHcopMyBaTH 1HIUBIAYyadbHI MpodeciiiHi 3HAHHS Y CTPYKTYpOBaHI IU(POBI aKTHBH,
JOCTYTHI Jy1si 6araropa3oBoro BUKOPUCTAHHS.

3anponoHoBaHuil IUGPOBUI 1THCTPYMEHTapiil 3a0e3reuye KOHBEPTEHII0 CTafiit
MPOEKTYBAHHS B €AMHY OpraHizaliiiHo-iHGOopMaIliiiHy Mojenb, (DYHKIIIOHYBaHHS SKOi
IPYHTYeTbCS Ha TpaHchopmamii mnpodeciiiHoro JocBiay (axiBLUIB Yy CHCTEMY
CTPYKTYpPOBaHMX HHU(PPOBUX aKTUBIB. Taka apXiTekTypa oOpraHizailii MpOEKTyBaHHSA
MIHIMi3y€ UMOBIPHICTh BUHUKHEHHSI CACTEMHUX MOMUJIOK Ta HIBEJIOE BIUIUB Cy0’ €KTUBHUX
YUHHUKIB, 3a0€3M1eUyI04H HAJICKHUHN piBEHb O€3MeKH 00’ €KTIB Oy11BHUIITBA.

[Toennanns (opmanizoBaHUX KOTHITUBHHMX CTpaTerid 13 meTrojaMu IUGpOBOTO
MOJICTIOBaHHS Ia€ 3MOTY BUSIBJIATH Ta YCYBAaTH OpraHi3alliiiHi KoJi3ii IIie Ha eTarl €CKi3HOTro
npoekTyBaHHs. [le Tpanchopmye posb iHXKEHEpa BiJl BAKOHABIA PYTUHHUX OMeEpalii 10
(baxiBug, IKUI Kepy€e BUCOKOE(DEKTUBHUMH 1HTEJIEKTYaIbHUMHU CUCTEMAMHU.

3a3HayeHuil MiAXiJ NIJBUILYE KOHKYPEHTOCIPOMOXKHICTh MPOEKTHUX OpraHi3alii,
3a0e3Meuyoun peasizalliio CKIaIHUX 00’ €KTIB 13 MiHIMaJIbHUMHU PECYPCHUMH BUTpaTaMU Ta
BHUCOKHMM PIBHEM aIAITUBHOCTI 10 MIHJIMBUX YMOB 30BHIIIHBOTO CEPEAOBHILA.

V' nepwomy po30ini nucepTaliiHOTO JOCTIIKEHHS MPEJICTaBICHO pe3yJbTaTH
KOHIIENTYaIbHO-TEOPETUYHOTO aHaJII3y OpraHizaiii MpoeKTyBaHHS 00’ €KTIiB OyAiBHUIITBA B
KOHTEKCTI BUKJIMKIB UQPOBi3allii Ta moTped MOBOEHHOI BiOy0BU Ykpainu. [IpoBeaeHo
CUCTEMHHUW aHami3 Cy4acHOTO cTaHy I1udpoBoi TpancopMmallii ramy3i, BHUSIBICHO
OpraHizauiifHi YWHHUKH, 10 CTPUMYIOTH HIiJABUIIEHHS SKOCTI Ta NPOSYKTUBHOCTI

MPOEKTHOTO TIPOIIECY, 30KpeMa (PparMeHTapHICTh B3a€EMOJIi yYacCHUKIB Ta JediIuT
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IHTENEKTyanbHOro Kamitady. OOIpyHTOBAaHO HEOOXIAHICTh MEpPEXOAy BIJ 3acTapuIuX
JHIAHUX MOJIEJIEH MPOEKTYBAHHS 0 IHTETPOBAHUX CUCTEM YIIPABIIHHS )KUTTEBUM LIUKIOM
00’€KTiB, 110 06a3yIOThCS HA CHUHEPrii Cy4yacHOro MUGPOBOTO IHCTPYMEHTAPil0 Ta METO/IIB
HITYYHOTO 1HTEJIEKTY.

Oco06nmBy yBary NpUIIJIEHO KPUTUYHIM MpoOiemMi BTpaTh (PaxoBUX KOMIICTCHIIIH,
OCKIJTbKM B yMOBax nediruTy KaapiB Ha T 3pOCTaHHS 00CATIB BiMOYI0BY 3HAYHUA MacuB
Heoln(ppoBaHUX IMIUTIIIMTHUX HAMpPAIlOBaHb OKPEMMX CIELIaNiCTIB 3aJUIIA€ThCS M03a
MEXaMH CHCTEMHOTO ympaBiiHHA. JloBeaeHo, 1o QopMmanizaiis IbOro yHIKaJIbHOTO
JIOCBIJly € HEOOX1THOI YMOBOIO TpaHchopmallii 3HaHb y MaclITaboBaHUM TU(PPOBUIL aKTHUB,
3MIaTHANA KOMIEHCYBaTH JedinuT KBali(PiKOBaHUX KaJIpiB Ta 3a0€3MEUUTH CTaICTh
IHXKEeHEepHUX pimieHb. CHUCTeMaTU30BaHO MPOOJIEMHI MUTAaHHA Tally3i, BU3HAUYEHO POJIb
nuppoBux MmIaTGOpM K aHATITUYHOTO sApa IJisi IPEBEHTUBHOIO BUSBJICHHS KOJI31M Ta
onTUMI3aIlli TEXHIYHHX pileHb. JloBelaeHo, IO ycmilmHa TpaHcdopmarllis MoTpedye
dbopmamizallii eKCnepTHOro AOCBiAY y HudpoBUX 0a3zax 3HaHb, MOJEPHIi3allil JTOTOBIPHOT
0a3u Ta BOPOBAKEHHS MICISANPOEKTHOTO aynuty. CdhopMyabr0BaHO HAYKOBY TilOTE3Y,
BIJITIOBIJTHO JIO SIKOT1 MepeXiJ 10 MPEBEHTUBHO KEPOBAHUX IU(PPOBUX CUCTEM YIPABIIHHSA
3a0e3nedye MIHIMI3Allil0 PU3KKIB Ta CTAJINI PO3BUTOK OYAIBHULITBA B YMOBaX OOMEXKEHHX
pecypciB.

pyeuii posdin nucepTaniiHoi poOOTHM MPHUCBSIYEHO (POPMYBAHHIO TEOPETUKO-
METOJAMYHUX 3acaJl OpraHizalii MpPOeKTyBaHHS OO’€KTIB B ymoBax LH(poOBi3alii,
CIPSIMOBaHUX HAa CTBOPEHHS aJIrOPUTMI30BAHOI CHUCTEMH YTpPaBIiHHA SKICTIO. B poszmimi
OOIpYHTYBaHHI aKTyaJIbHICTb, M€Ta Ta 3ajnayi gociipkeHHs. CdopmyiboBaHa HayKoBa
rinoTesa JIOCIHIKEHHS, sIKa TIOJIATaE B TOMY, 1110 YIOCKOHAJICHHS OpraHi3allii MpOEKTyBaHHS
00’€KTIB TUIIXOM TpaHchopmallli TpaJuiiHUX JHIHHUX TPOIECIB y MPEBEHTUBHO-
KepoBaHi MUGPOBI CUCTEMM YIpaBIiHHS, 10 Oa3yroTbes Ha (Qopmamzamii Ta
IHTeJIEKTyauTi3allli eKCIepTHOTO J0CBimy, 3a0€3MeUYnTh CKOPOUEHHSI TPUBAJIOCTI PO3POOKH

MPOEKTHOI TOKYMEHTAIlT TPU HEOOX1AHOMY PiBHI SKOCTI.
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JloBeeHO MOLIIBHICTh 3acTOCYBaHHs MeTony aHamizy iepapxiii (MAI) T. Caari sik
0a30BOro iHCTpyMeHTapito s (opmanizaiii eKCIepTHUX CY/KeHb, IO Ja€ 3MOTY
CTPYKTYpYBaTH CKJIaJH1 OaraTopiBHEB1 IpoOjeMu B yMoBax UGpoBoi TpaHchopMaliii.

YcTaHoBI€HO, IO PO3pOOKa IHTETPATBHOI MOJIENI IKOCTI MPOEKTHOI TOKYMEHTAITIT 3
MaTeMaTUYHUM OOIPYHTYBaHHSM BaroBUX KOE(QIII€HTIB JJI KOXKHOI CKJIagoBOi (OJIOKY)
SKOCTI € KIIIOUOBOIO YMOBOIO IIJIBUIIEHHS pPE3yJbTaTUBHOCTI MPOEKTYBaHHS. Barosi
KOoe(III€HTH CKIaJ0BUX OJOKIB SKOCTI MAalOTh OYTH PI3HUMH AJIsl PI3HUX TUMIB 00 €KTIB, 3
ypaxyBaHHsAM iX crienudiku el miaxin 3ade3nedye HaaiiHE MIATPYHTS JJIs8 HACKPI3HOI
Bepu(iKalli mapaMmeTpiB SKOCTI, TPaHC(HOPMYIOUM MPOLIEC OpraHizalii MPOEKTYBAHHA Y
KEpOBaHUM aJITOPUTM JIJIsl MIHIMI3allli PpU3HKIB

Tpemiu po30in nucepTaliiHol poOOTH MPUCBIYEHO PO3POOICHHIO KOHIETITYaIbHUX
3acajl Ta apXITEKTYPH 1HTEJIEKTYaJIbHOTO IHCTPYMEHTApII0 MPOEKTYBAHHS, 1110 0a3y€eThCs HA
TpaHchopmailii HepopMaTi30BaHOTO €KCHEPTHOIO JOCBIY Y MacuITabOBaHUN HUPPOBHIA
akTuB. OOIPYHTOBAHO NEPEXI] BIJl TPAAULIMHOTO MOHITOPHHIY T€OMETPUYHHUX NTapaMeTPIB
0o0’extiB 10 kouuemniii «l{udpoBoro nasifinuka mnpoextHoro mocsixy» (LIJIT), mro
J03BOJIsIE TpaHChopMyBaTH MpodeciiiHi KOMMETEHIli MpoBiAHUX (axiBIiB y U(PpoBUid
aKTHB Ta 3a0€3MEUYUTH iX 30epexKeHHsI B yMOBaxX LHU(POBI3allii.

Po3pobneno G6araropiBHEBY apXiTekTypy Iuiariny npoektHoro pimenus (ITI1P), ski
(GYHKLIOHYIOTH SIK CTpATEer1yH1 MO JJIsl AUHAMIYHOT KOHBEPTEeHIIIT CTaAiil MPOEKTYBaHHS
Ta Oe3nepepBHOi Bepudikallii NPpUUHITUX pilieHb. [[oBeneHo, 1Mo 1HTerpalis riOpuaHuX
MoJIeNIel MITY4HOTrOo 1HTENeKTy depe3 MexaHizmu [IITP HiBemoe edekT «HopHOi CKpUHI»,
3a0€e3Meuyour TEXHIYHY TOYHICTb 1 JIOTIYHY MPO30PICTh BUCHOBKIB.

3anpoBaKEHO MOKA3HUK «3PUIOCTI KOHCTPYKTUBY MpoekTHOTO pimmeHHs» (3KIIP),
SKUM y TIO€JHAHHI 3 TMapajellbHUMU METOJaMH MOJCIIOBaHHS JI03BOJISIE JTOCSTTH
30aJaHCOBAHOCTI MIX KOHLENTYaJlbHUMHU Ta JI€TaTI30BAHUMH KOHCTPYKTHBHUMU
pimeHasMu. @Dopmanizaiisi KOTHITUBHUX CTpaTeril y BUIVISIAI CEMAaHTHYHUX MEPEK

TpaHcPopMye TMPOEKTHUN MPOIEC 13 TOCHIOBHOCTI 130JIbOBAHUX €TamiB Yy IIJICHUM
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Oe3nepepBHUIl 1HTENEKTyaIbHUN KOHTYp, MIHIMI3YIOUM CHUCTEMHI MOMUJIKU Ta 1TepalliiiHi
BTpaTH.

PesynbraT po3aily KOHUENTYali3ylOTh HOBY pOJIb 1HXEHepa SK CTparera-
apxiTEeKTOpa 1HTEJEKTyaJbHUX CHCTEM YIPaBIIHHS, IO CTBOPIOE MEPEIyMOBH Jif
MiJBUINCHHS  €(QEeKTUBHOCTI  peami3alii  1HBECTUIIMHO-OYIiBEIbHMX TIPOEKTIB  3a
MiHIMaJbHUX PECYPCHUX BUTpPAT.

Yemeepmuii  po30in  IuCEpPTAIiiHOT POOOTH TMPHUCBSIYEHO  BIOCKOHAJICHHIO
OpraHizaliifHOro IHCTPYMEHTAap10 MPOEKTYBAHHS, CIPSIMOBAHOTO Ha 3a0€3MeUeHHs BUCOKOT
AKOCTI JOKyMEHTallll y nudpoBomy cepenonuiili. Po3po0aeHO KOMIUIEKCHY 1HTErpalibHY
MOJIeNIb, sKa 00 ’€JHye€ HOPMATHUBHO-PETJIAMEHTHY BaJliJIHICTh, TEXHIKO-ONEpaIliiiHy
JIOCKOHATICTh, CIIOKUBYO-IIHHICHY MPUAATHICTh Ta 1HOOpMAIiHHO-IIMGPOBY 3PITICTh, 110
JT03BOJISIE PO3IJIAIATH OLIIHKY MPOEKTHOTO MPOJIYKTY HE AK (PIKCOBAHMM IMOKA3HUK, a SIK
JTUHAMIYHY XapaKTEPUCTUKY MPOTITOM KUTTEBOTO LIUKITY 00’ €KTa.

3a gomomoror Mmetoay aHami3y lepapxiii T. CaaTi MaremMaTH4yHO OOTPYHTOBAHO
cucteMy JudepeHIiioBaHUX BaroBUX KOEQIIIEHTIB JJIs PI3HUX THUMIB CIOPYH, IO
3a0e3nedye aJanTHUBHICTh KPHUTEPIiB OIIHIOBaHHS 10 crnenu(iku 00 €KTIB Ta YMOB iX
peamizarii. JloBeaeno, mo 3actocyBaHHs «llnmarina mpoextHoro pimenHs» (IIIIP) sk
IHCTPYMEHTApIiI0 OaraTroKpurTepiaabHOI ONTUMI3AIlT JO3BOJISE MEPEHTH 0 TPEAUKTUBHOTO
YIOPABIIHHS AKICTIO, 1€ KOXHA ITepalis NPOEKTHUX PIIIEHb MPOXOAUTh aBTOMATHU30BaHY
BepHU(DIKaIiIO.

OOTpyHTOBAaHO CTpaTeriyHy poib (opmamizaiii MepearnpoeKTHOTrO eTany 4epes
nM(pPOBI THCTPYMEHTH, IO 3HMXKYE PIBEHb CYO €KTUBHOCTI MiJ 4yac (POpMYBAHHS BUMOT
3aMOBHUKa Ta 3a0e3neuye (iHAHCOBY OOIPYHTOBaHICTh pimieHb. Po3po0ieHo HaykoBO-
MPaKTUYHI PEKOMEHJAIli I0J0 MOJEpHi3alii HOPMAaTUBHOI 0a3u, SKi TependadaroTh
00O0B’SI3KOBE BUKOPHUCTAHHS LUPPOBUX Mojenei s Bepudikaiili BUMOT, IO CIpUSE
(GOopMyBaHHIO LUIICHOTO  IHTEJNEKTYaJIbHOIO KOHTYPY YIpPaBIIHHA OyAiBEIbHUMHU

IIPOEKTAMH.
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Peanizamiss  3amponoHOBaHMX  pilleHb  3a0e3meuye  CUCTEMHY  IUTICHICTD
1H(OpMaIIIITHOTO MOTOKY BiJ CTaAll 3aAyMYy /10 €KCILTyaTallii 00’ ekTa, 110 CyTTERO IT1JIBUIIYE
e()EeKTUBHICTb MPOEKTHOI JISIILHOCTI Y Oy IIBEIBHIN ramy3i.

Innoeayiitha cymuicme TOCTIDKEHHS ToNsATae y GOpMYyBaHHI HOBOTO MiJIXOIY IO
opraHizaiii TPOEKTyBaHHs O00’€KTIB OyaIBHUIITBA B yMOBax MudpoBizallii, SKUU
IPYHTY€EThCS Ha TpaHCopMaIlii 1HAUBIAYaIbHOTO 1HXXEHEPHOTO JOCBIly Y CTPYKTYpOBaHi
mudpoBl aKTUBM Ta HOr0o IHTErpalii B TMpOIEC NPUUHATTA TNPOEKTHUX PIllICHb.
3anmponoHoBaHUH MiAXia nepeadadae nmepexia Bia TpaauiliiHOi MOEIl TPOEKTYBAHHS, 10
0a3yeTbcsl MEPEBAXKHO HA MEPCOHAIBHMX KOMIETEHUISAX OKpeMux (axiBuiB, 10 Ludpo-
OpIEHTOBAHOI CUCTEMHU YMPABIIHHS 3HAHHSIMH, 37aTHOI 3a0e3leuyBaTH HAKOIWYCHHS,
BIJITBOPEHHS Ta MacIITa0yBaHHs MPOQECIHHOTO JOCBIAY B MEXKaX €IMHOTO 1HPOPMAIIIHHOTO
CEepeIOBHIIIA.

KitouoBuM eneMeHToM 1HHOBAIIHHOTO TiaXoy € KoHuenis «[{udpoBoro asiiiHnka
npoekTHoro aocsimy» (LIIAILM), sxa 3a0e3neuye ¢opmanizailito KOTHITUBHUX CTpaTerii
daxiBuiB Ta iX BUKOPUCTAHHS JUIsI aBTOMATH30BAaHOI MIATPUMKH MPUUHSTTS PIIICHB,
MPEAUKTUBHOTO KOHTPOJIO SIKOCTI MPOEKTHOT IOKYMEHTAIIIi Ta MONepe>)KeHHs TPOEKTHUX
KOJI31M Ha paHHIX CTalifaX >KUTTEBOro LMKIY 00’ekta. Peamizaiisi 3ampornoHOBaHOTO
MIJIX0QY CTBOPIOE TEPEAYMOBH JUIS MiABUINECHHS €()EKTUBHOCTI MISUTBHOCTI IMPOEKTHUX
oprasizaiiiii, 3HH>)KEHHsI BIUITMBY JIFOJICBKOTO YMHHUKA Ta 3a0€3MEeYEHHs CTaJIOro PO3BUTKY
OyJiBeIBHOT TaTy31 B yMOBax 1u(dpoBoi TpaHcopMmallii Ta miCassBOEHHOTO BITHOBJICHHS.

HaykoBa HOBHM3HA M0JIAATAE :

VY aucepraiii ofgepkaHi HACTYIHI HAYKOBI Pe3yJIbTATH.

Bnepuwe:

— OOIpyHTOBAaHO KOHIIENITyaJbHI 3acaaud Oprafizaiii MPOEKTyBaHHS 00'€KTIB
OyIIBHUIITBA, 110 0a3yIOThCA Ha 3acTocyBaHHI [{udpoBoro nBiitHUKa MPOEKTHOTO JOCBITY
(LATTLI) — mepconiikoBaHOTO MU(PPOBOTO AKTUBY MPOEKTYBAIBHUKA, KU aKyMYIIO€
OoLM(PPOBAHMI Ta CUCTEMATU30BAHUM IMILTITUTHUHN (HeopMani3oBaHU) JOCBII MPUIHATTS

NPOEKTHOro pimeHHs. Lleil 10ocBil BIATBOPIOETHCA B 1HAUBIIYAJIbHOMY 1HCTPYMEHTI



OIATPUMKHA TPOIECY MPOEKTYBaHHA — IuiariHi mpoekTHoro pimeHHs (ITI1P) 3 meroro
BUKOPUCTAHHA [IJI1 ABTOMATHM30BAHOI MIATPUMKH NPUAHATTS pIllleHb, MPEAUKTUBHOIO
KOHTPOJTIO SIKOCTI MPOEKTHOT JOKYMEHTAIII1 Ta MOMEePEKEHHS MPOEKTHUX KOMI31i Ha paHHIX
CTaJliAX MPOEKTYBAHHA 00’ €KTA.

Yoockonaneno:

— CHCTEMAaTH3allll0 OpTaHi3allifHMX YHHHUKIB BIUIMBY LU(]poBi3alii Ha SKICTH 1
TPHUBAIICTh MPOEKTHOTO TMPOIIECY, SIKI BKIIFOYAIOTh TEXHOJIOT14HI, HOPMATUBHO-TIPABOB1 Ta
IHCTUTYIIIMHI, €KOHOMIYHI, KaJpOBi Ta OCBITHI, OpraHi3aIliiiHO-yIIPaBJIIHChKI, COIIaJIbHO-
KOMYHIKaIliiiH1 Ta KyJIbTYpHi, O€31eKOBI Ta 1HYPaCTPYKTYpHI (HaKTOpH;

— MpoIleC opranizailii MpPOeKTyBaHHS 00'ekTiB OyAIBHUIITBA HAa OCHOBI IH(POBHUX
aKTHUBIB HAKOMWYEHHS 3HaHb, MPOEKTHOIO JOCBIAYy Ta IHCTPYMEHTIB I1HTEIEKTyaIbHOI
NIATPUMKU TIPUUHSTTS pILIIEHb, 110 3a0e31euye Oe3repepBHE BUKOPUCTAHHS HAKOITMYEHOTO
JIOCBIZly Ta MIJBUIIEHHS SKOCTI MPOEKTHUX PIlIeHb, 0 HAa BIAMIHY Bl TpaaUIIHUX
JIHIAHUX Ta TMEPCOHANO03ANEKHUX MIAXOMIB, JO3BOJIMIIO IHTETPYBAaTH IPUXOBAHUI
(IMIUTIUTHUI) TOCBL (haxiBLisg, aITOPUTMHU IPUUHSTTS PillleHb, TPAHUYHI YMOBH Ta aHai3
HEraTUBHUX MPELEACHTIB y IUHAMIYHY IporpaMHy HanoyaoBy Haja BIM-cepenoBuiiem —
miarid npoektHoro pimenHsa (IIIIP). Ipouec ekcmyararii cgopmoBanoro Lludposoro
nBiftHuKa mpoektHoro jgoceixy (LIJIIIA) y mexax IIIIP peamizoBaHo uepe3 JABOPIBHEBY
QITOPUTMIYHY MOJIeNb, 10 (YHKI[IOHYE Ha OCHOBI CKOOPAMHOBAHOI B3aEMOJIT
1HAMBITYyAJIbHUX JIOKAJIbHUX ar€HTIB IITYYHOIO ITHTENEKTY Ta 3arajJbHOTO 1HTEJIEKTYaJIbHOTO
aJMIHICTpaTOpa CHCTEMH KOHCTPYKTHMBY MPOEKTHOTO PIIICHHS, SKUA € MPOTOTUIIOM
npoekTy. Ile 3a0e3meuymsio HACKpI3HUN MeXaHi3M Oe3NepepBHOI KOTHITMBHOI Balijgarlii
IH)KCHEPHHX JIaHHX e Ha eTaIr po3poOKH KOHIICIIIIII, a TAKOX HaJaroIuIo IPEeIUKTUBHUN
3BOPOTHHI 3B’SI30K 13 NU(PPOBUM JBIMHUKOM O00’€KTa B PEXKUMI peaJbHOTO dHacy,
MIHIMI3yIOUM PU3UKH BUHUKHEHHS KOJII31H;

— MOJIeNIb OIIIHIOBaHHS SIKOCTI TPOEKTHOI JOKYMEHTAIlli dYepe3 Tepexi Bia
CTaTUYHOI'O aHali3y TOTOBUX IOKA3HUKIB 10 MOJENl AMHAMIYHOTO ayAWTy pIIIEHb Y

uudpoBomy cepenonuii. e 3a0e3nedeHo 3aBasiku:
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1) omiHIOBaHHS SKOCTI 32 YOTHpPMa OJIOKAMH KPUTEPIiB - HOPMATHBHO-PETIIAMEHTHOT
BaJIIIHOCTI, TEXHIKO-OMEPaIifHOl JOCKOHAJIOCTI, CIIOKHWBYO-IIIHHICHOT TPUIATHOCTI Ta
1H(opMaIiitHO-1TUPOBOI 3PLIIOCTI;

2) BIIPOBADKEHHIO TMOKAa3HUKA «ICIBTH SKOCTI» (Al), 1m0 M03BOJISE 3MIHCHIOBATH
MOHITOPHUHT €(EKTUBHOCTI PIIICHb Y PEKUMI pealIbHOT0 Yacy Ta (PiKCyBaTH ix cTabimi3allito
IIpU MIEPEXO0/Ii IO aJIrOPUTMI30BAHUX MPOIIECIB,;

3) 3acTocyBaHHIO JTU(EPCHINIHOBAHUX BaroBUX KOCQIIIEHTIB, adalTOBaHUX IO
KOHKPETHUX (DYHKI[IOHATIBHUX THUIIIB 00 €KTIB OyAIBHUIITBA, IO IMTABHUIIYE TIOCTOBIPHICTD
IHTErpajJbHOI OLIHKY 3 ypaxyBaHHSM ClieUU(PIKW PUHKOBUX 1 HOPMATUBHUX BUMOT.

Habyno nooanvuozo pozsumxy:

— TPOEKTYBAaHHS Yepe3 KOHIENTYaIbHUM Mepexif BiJ TPaAUIIAHUX MarnepoBUX
nporeAayp no mojneneid 1mudpoBoi Bepudikalii nepeanpoekTHoi ctaaii. OOIpyHTOBAHO
HEOOXITHICTh THCTUTYIIOHATI3a1li]l HU(PPOBUX periiaMeHTiB POopMyBaHHS BUXIIHUX JTAHHX,
110 3a0e31euye aBTOMAaTU30BAHUM ayAUT MOBHOTH Ta JIOT1YHOI HECYNIEPEWIMBOCTI BUMOT J10
00’€KTa 1Ie JI0 TOYaTKy PO3POOJICHHS MPOEKTHOT JOKYMEHTAIII1.

[IpakTUyHa IIHHICTb OKPEMUX PE3YJbTATIB MIATBEP/KYETHCS 1X YIPOBAKEHHSIM Y
JUSTIBHICTD IHKUHIPUHTOBUX Ta MPOEKTHUX KOMITaHIM, 30KpeMa:

— y mistmbHOCTI KoMmraHii 111 « BJI-Byainkunipiar», 1110 3A1HCHIOE TISTIBHICTD Y cdepi
MPOEKTYBAHHS OO €KTIB PI3HOTO MpPU3HAYEHHS, OYyJIO 3aCTOCOBAHO AapXITEKTYpy
«udpoBoro npiitHuka npoektHoro aocsigy» (LITI) Ta mMeTonuKy I1HTENIEKTyalbHOI
BaJIiIalfii BUMOT 3aMOBHHKA, IO JO3BOJIIO TpaHC(HOPMYBATH 1HAWBIIyaldbHI 3HAHHS Y
nM(pPOBI aKTUBH, MIJIBUIIUTA TOYHICTh IUIAHYBAHHSA PECYPCIB Ta MIHIMI3YBaTH 1TE€palliiiHl
pusuku (moBigka Nel6 Bim 01.03.2026 p.);

— Bceykpaincbka Tpomaachka opradizamis  «liTpIis  TPOEKTYBaJIbHUKIB Y
oyniBauutei» (BYTII), mo 00’ eanye ¢axiBLiB MPOEKTHOI ramty3i, cripusie npodeciiiHoMy
PO3BUTKY, BITPOBA/PKCHHIO CTAHIAPTIB Ta 3aXHUCTY IHTEPECIB 1HKEHEPIB-TIPOEKTYBATHLHUKIB,
IHTErpyBajga HayKOBO-METOJMYHI HampaltoBaHHs 3/100yBauya mono ctBopenns LTI/ Ta

anroput™Mu Qopmadizailii KOTHITUBHUX CTpaTeriil 1HXEHEpIB y BHYTPILIHI peKOMEHAAIli
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[Mnpaii nst 3anmo0iraHHs CUCTEMHHM KOJI31SM; OKPIM TOTO, MOJIeNTb MOHITOPHHTY SIKOCTI
MPOEKTHOI JOKYMEHTAIIIT Ta MiAX1J A0 1HTEJIEeKTyaJlbHOI Basligallii BUMOT 3aMOBHHUKA 0YyJI0
BKJIIOYEHO JI0 TMporpaM TIJABMINCHHS KBamidikamii cepTUu(iKOBaHUX 1HXKCHEPIB-
NPOEKTYBAJIBHUKIB, a 3alpONOHOBAHUI I1HCTPYMEHTAapid NPEAUKTUBHOTO YIIPABIIHHS
JTAHUMHU BU3HAHO MEPCIEKTUBHUM Taly3€BUM CTAHIAPTOM JIJISl HACKPI3ZHOTO MOJICTIOBAHHS
po€eKTHUX TporieciB (moBimka Ne09/1 Bix 13.04.2026 p.);

—TOB HIABTA «Ctpaterisi perioHaJbHOTO PO3BUTKY», OCHOBHUM HampsMOM
JISJIBHOCT1 SIKOi € BUKOHAHHS POOIT 13 TEXHIYHOT'O OOCTEKEHHS OyJiBelIb Ta CIOPY/I,
NPOEKTYBAHHS, 3AIMCHEHHS TEXHIYHOIO Harisay, BKIIOYAIOUM BUKOHAHHS (YHKIIHA
3aMOBHUKA y OYIIBHHUIITBI, IMPOBEJACHHS TEXHIYHOI 1HBEHTapu3allii Oy/iBeiab, HaJaHHS
MOBHOTO CIIEKTpa IOPUIAUYHHUX Ta 1HKEHEPHO-TEXHIYHUX TMOCIyr y cdepi OyiBHUIITBA,
OTPUMaHHS JO3BUIbBHHUX JIOKYMEHTIB, a TaKOX CYIpPOBIJ INpU OPUUHATTI 00’€KTa B
eKCIUTyaTallito, 1HTErpyBaJI0 KOHIIEMHII0 JUHAMIYHOTO MOHITOPUHTY SIKOCTI MPOEKTHOI
JIOKYMEHTAIlli Ha OCHOBI IHTErpaJibHOI MOJIENi, 110 JO03BOJWJIO BIPOBAIAUTH TIOpUAHUN
MIJX1 10 YIPaBIiHHS SKICTIO, TMOEJIHYIOUYM aBTOMATHU30BaHY aHAJITUKY 3 MpoQeciiHuM
EKCIIEPTHUM JOCBIJIOM; KpIM TOTO, OyJO 3aCTOCOBAaHO MPUKIATHUN I1HCTpyMEHTapii
MPEAUKTUBHOTO YHPABIIHHS JAaHUMH JUJISl 3aBUYACHOI 1I€HTU(DIKALlT CUCTEMHUX KOMI31i Ta
onTUMI3aIli po3moAlTy poOOYOro yacy iHXKEHEpiB, HACIIJIKOM YOTO CTaj0 3HUKCHHS
KUIBKOCTI KOJI31M Ha eTari €CKI3HOTO MPOEKTYBAaHHS Ta CKOPOYECHHS TEPMIHIB PO3POOKU
nokyMeHrartii (noBigka No440/1 Big 13.04.2026 p.).

Kniwwuosi cnosa. 1uudpoBuil IBIMHUK TMPOEKTHOTO  JOCBITY, OpraHizaiis
MPOEKTYBaHHs, OyAIBHULITBO, 1H(OpMaIiiiHe MojaentoBaHHs, uudposizaiis, BIM, skicTs
MPOEKTHOI JTOKyMEHTaIlli, e(QeKTUBHICTh, ONTHUMI3aIlisd, TNPEAUKTABHE MOJICITIOBAHHSI,

KUTTEBUN ITUKIT 00'€KT, IU(PPOBI aKTUBH, BITHOBJICHHS, IHOPACTPYKTYpa.
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ABSTRACT

Vakhovych D. Yu. — Improving the Organization of Object Design in the
Conditions of Digitalization. — Qualifying scientific work on the rights of manuscript.

Dissertation for the degree of Doctor of Philosophy (PhD) in Specialty 192 — Building
and Civil Engineering. Kyiv National University of Construction and Architecture, Kyiv,
2026.

The dissertation research is devoted to the scientific and methodological substantiation
and development of approaches aimed at improving the organization of construction project
design under conditions of industry digitalization. The study is focused on forming a modern
organizational toolkit for managing design processes capable of ensuring improved quality
of design solutions, enhanced efficiency of interaction among project participants, and
greater adaptability to changes in the environment of construction project implementation.

The achievement of the stated objective involves the development of methodological
foundations for the digital transformation of design organization based on the integration of
information technologies, decision-support systems, and knowledge management
mechanisms. Special attention is given to the automation of quality control of project
documentation, intelligent verification of design solutions, and the formalization of
professional expertise within a unified digital environment.

The practical implementation of the proposed approaches will contribute to improving
the efficiency of design organizations, reducing the risks of design conflicts, and ensuring
the sustainable development of the construction industry under conditions of digital
transformation.

The relevance of the research is driven by the urgent need to develop mechanisms for
scaling effective design methodologies under conditions of a shortage of highly qualified
personnel, alongside the growing scope of reconstruction and restoration of construction

objects. The current stage of development of the construction industry requires a shift from
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traditional, personnel-dependent approaches to intelligent systems capable of formalizing,
accumulating, and reproducing the professional experience of leading engineers.

To address this challenge, the study substantiates the creation of a unified intelligent
framework ensuring continuity and consistency of design solutions regardless of the physical
location of project team members. The implementation of the developed tools for automated
documentation verification enables the transformation of individual professional knowledge
into structured digital assets available for repeated use.

The proposed digital toolkit ensures the convergence of design stages into a unified
organizational and informational model, whose functioning is based on the transformation
of professional expertise into a system of structured digital assets. Such an architecture of
design organization minimizes the likelihood of systemic errors and mitigates the influence
of subjective factors, thereby ensuring an appropriate level of safety of construction objects.

The combination of formalized cognitive strategies with digital modeling methods
makes it possible to identify and eliminate organizational conflicts already at the preliminary
design stage. This transforms the role of the engineer from an executor of routine tasks into
a specialist managing highly efficient intelligent systems.

This approach enhances the competitiveness of design organizations, enabling the
implementation of complex projects with minimal resource consumption and a high level of
adaptability to changing external conditions.

In the first chapter of the dissertation research, the results of a conceptual and
theoretical analysis of the organization of construction project design are presented in the
context of the challenges of digitalization and the needs of Ukraine’s post-war
reconstruction. A systemic analysis of the current state of digital transformation in the
industry has been carried out, identifying organizational factors that hinder improvements in
the quality and productivity of the design process, in particular the fragmentation of
interaction among participants and the shortage of intellectual capital. The necessity of

transitioning from outdated linear design models to integrated systems for managing the life
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cycle of construction objects is substantiated, based on the synergy of modern digital tools
and artificial intelligence methods.

Particular attention is paid to the critical problem of loss of professional competencies,
as under conditions of personnel shortages amid increasing reconstruction volumes, a
significant body of non-digitalized implicit knowledge held by individual specialists remains
outside systematic management. It is demonstrated that the formalization of this unique
experience is a necessary condition for transforming knowledge into a scalable digital asset
capable of compensating for the shortage of qualified personnel and ensuring the continuity
of engineering solutions. The problematic issues of the industry are systematized, and the
role of digital platforms as an analytical core for the early detection of conflicts and
optimization of technical solutions is defined. It is proven that successful transformation
requires the formalization of expert knowledge in digital knowledge bases, modernization
of contractual frameworks, and the implementation of post-project audits. A scientific
hypothesis is formulated, according to which the transition to preventive, digitally managed
control systems ensures risk minimization and sustainable development of construction
under conditions of limited resources.

The second chapter of the dissertation is devoted to the formation of theoretical and
methodological foundations for the organization of object design in the context of
digitalization, aimed at creating an algorithmized quality management system. This chapter
substantiates the relevance, aim, and objectives of the research. The scientific hypothesis of
the study is formulated, positing that improving the organization of object design by
transforming traditional linear processes into preventively-controlled digital management
systems based on the formalization and intellectualization of expert experience will ensure
a reduction in the duration of design documentation development while maintaining the
required quality level.

The expediency of applying T. Saaty's Analytic Hierarchy Process (AHP) as a
foundational toolkit for the formalization of expert judgments has been proven, enabling the

structuring of complex multilevel problems under the conditions of digital transformation.
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It has been established that the development of an integral model for design
documentation quality, with mathematical substantiation of weight coefficients for each
quality component (block), is a key prerequisite for increasing design effectiveness. The
weight coefficients of the constituent quality blocks must vary for different types of
construction objects, taking into account their specific characteristics. This approach
provides a reliable basis for the end-to-end verification of quality parameters, transforming
the design organization process into a controlled algorithm to minimize risks.

The third chapter of the dissertation is devoted to the development of conceptual
foundations and the architecture of intelligent design tools based on the transformation of
informal expert experience into a scalable digital asset. The transition from traditional
monitoring of geometric parameters of construction objects to the concept of a “Digital Twin
of Design Experience” (DTDE) is substantiated, enabling the conversion of professional
competencies of leading specialists into a digital asset and ensuring their preservation under
conditions of digitalization.

A multi-level architecture of Design Solution Plugins (DSP) has been developed,
functioning as strategic modules for the dynamic convergence of design stages and
continuous verification of adopted decisions. It is demonstrated that the integration of hybrid
artificial intelligence models through DSP mechanisms eliminates the “black box™ effect,
ensuring both technical accuracy and logical transparency of conclusions.

A “Design Solution Construct Maturity” (DSCM) indicator is introduced, which, in
combination with parallel modeling methods, enables a balance between conceptual and
detailed structural solutions. The formalization of cognitive strategies into semantic
networks transforms the design process from a sequence of isolated stages into a unified
continuous intelligent framework, minimizing systemic errors and iterative losses.

The results of the chapter conceptualize a new role of the engineer as a strategist-
architect of intelligent management systems, creating prerequisites for improving the
efficiency of investment and construction project implementation with minimal resource

consumption.
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The fourth chapter of the dissertation is devoted to the improvement of organizational
tools for design, aimed at ensuring high-quality documentation in a digital environment. A
comprehensive integrated model has been developed, combining normative-regulatory
validity, technical-operational excellence, consumer-value suitability, and informational-
digital maturity, which makes it possible to consider the assessment of a design product not
as a fixed indicator but as a dynamic characteristic throughout the life cycle of the
construction object.

Using the Analytic Hierarchy Process (AHP) developed by T. Saaty, a system of
differentiated weighting coefficients for various types of construction objects has been
mathematically substantiated, ensuring the adaptability of evaluation criteria to the specific
characteristics of projects and their implementation conditions. It has been demonstrated that
the application of the “Design Solution Plugin” (DSP) as a multi-criteria optimization tool
enables a shift toward predictive quality management, where each iteration of design
decisions undergoes automated verification.

The strategic role of formalizing the pre-design stage through digital tools is
substantiated, as it reduces the level of subjectivity in defining client requirements and
ensures the financial justification of decisions. Scientific and practical recommendations for
the modernization of the regulatory framework have been developed, which provide for the
mandatory use of digital models for requirement verification, thereby forming a unified
intelligent framework for construction project management.

The implementation of the proposed solutions ensures the systemic integrity of the
information flow from the concept stage to the operation of the facility, significantly
increasing the efficiency of design activities in the construction industry.

The innovative essence of this research lies in the formation of a novel approach to
the organization of construction project design within the context of digitalization, based on
the transformation of individual engineering experience into structured digital assets and
their integration into the decision-making process. The proposed approach entails a

transition from the traditional design model, which relies primarily on the individual
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competencies of specific specialists, to a digitally-oriented knowledge management system
capable of accumulating, reproducing, and scaling professional expertise within a unified
information environment.

A key element of this innovative approach is the concept of the "Digital Twin of
Design Experience™ (DTDE), which enables the formalization of specialists' cognitive
strategies and their utilization for automated decision-making support, predictive quality
control of design documentation, and the prevention of design conflicts at the early stages
of a facility’s life cycle. Implementation of this proposed approach creates the prerequisites
for increasing the efficiency of design organizations, mitigating the impact of the human
factor, and ensuring the sustainable development of the construction industry in the era of
digital transformation and post-war reconstruction.

Scientific Novelty is as follows:

The following scientific results have been obtained in the dissertation.

For the first time:

— the conceptual foundations for organizing the design of construction objects have
been substantiated. These are based on the application of the Digital Twin of Design
Experience (DTDE) — a personalized digital asset of the designer that accumulates digitized
and systematized implicit (non-formalized) experience in design decision-making. This
experience is reproduced within an individual design support tool, the Design Decision
Plugin (DDP), aimed at automated decision-making support, predictive quality control of
design documentation, and the prevention of design conflicts at the early stages of facility
design.

Improved:

— the systematization of organizational factors influencing the impact of digitalization
on the quality and duration of the design process. These include technological,
regulatory/legal, institutional, economic, personnel/educational, organizational/managerial,

socio-communicative/cultural, security-related, and infrastructural factors;
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— the organization process of construction object design based on digital knowledge-
accumulation assets, design experience, and intelligent decision-support tools. This ensures
the continuous utilization of accumulated expertise and improves the quality of design
solutions. Unlike traditional linear and personnel-dependent approaches, this allows for the
integration of implicit professional experience, decision-making algorithms, boundary
conditions, and the analysis of negative precedents into a dynamic software add-on for the
BIM environment — the Design Decision Plugin (DDP). The operation of the developed
DTDE within the DDP is implemented through a two-level algorithmic model functioning
via the coordinated interaction of individual local Al agents and a general intelligent
administrator of the design solution structure, which serves as the project prototype. This
provides an end-to-end mechanism for continuous cognitive validation of engineering data
at the conceptual development stage and establishes predictive real-time feedback with the
object’s digital twin, minimizing the risk of collisions.

— the quality assessment model for design documentation by transitioning from static
analysis of finished metrics to a model of dynamic decision auditing within a digital
environment. This is achieved through:

1)  quality assessment based on four blocks of criteria: regulatory validity,
technical/operational excellence, consumer-value suitability, and informational/digital
maturity;

2)  implementation of the "quality delta" (AQ) index, which allows for real-time
monitoring of decision efficiency and stabilization tracking during the transition to
algorithmic processes;

3) application of differentiated weighting coefficients adapted to specific
functional types of construction objects, which increases the reliability of the integrated
assessment while accounting for specific market and regulatory requirements.

Further developed:

— design practices, through a conceptual transition from traditional paper-based

procedures to models of digital verification during the pre-design stage. The necessity of
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institutionalizing digital regulations for generating initial data has been substantiated,
ensuring an automated audit of the completeness and logical consistency of requirements for
an object prior to the commencement of design documentation development.

The practical value of specific results is confirmed by their implementation in the
activities of engineering and design companies, in particular:

— In the operations of the company PE 'VD-Budengineering," which carries out
activities in the field of design for various types of facilities, the architecture of the 'Digital
Twin of Project Experience' (DTPE) and a methodology for intelligent validation of client
requirements were applied, which allowed for the transformation of individual knowledge
into digital assets, increased the accuracy of resource planning, and minimized iterative risks
(Reference No. 16 dated March 1, 2026);

— The All-Ukrainian Public Organization 'Guild of Designers in Construction’ (GDIC),
which unites specialists in the design industry, promotes professional development, the
implementation of standards, and the protection of the interests of design engineers,
integrated the applicant’s scientific and methodological developments regarding the creation
of DTPE and algorithms for formalizing the cognitive strategies of engineers into the Guild’s
internal recommendations to prevent systemic collisions; furthermore, the model for
monitoring the quality of design documentation and the approach to intelligent validation of
client requirements were included in professional development programs for certified design
engineers, and the proposed toolkit for predictive data management was recognized as a
promising industry standard for end-to-end modeling of design processes (Reference No.
09/1 dated April 13, 2026);

— LLC NDRTA ‘'Strategy of Regional Development,’ whose main activity is
performing technical surveys of buildings and structures, design, technical supervision—
including performing the functions of the client in construction, conducting technical
inventory of buildings, providing a full range of legal and engineering-technical services in
the construction sector, obtaining permits, as well as support during the commissioning of a

facility—integrated the concept of dynamic monitoring of design documentation quality
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based on an integral model, which allowed for the implementation of a hybrid approach to
quality management, combining automated analytics with professional expert experience;
furthermore, an applied toolkit for predictive data management was used for the early
identification of systemic collisions and the optimization of engineers' working time
allocation, which resulted in a reduction in the number of collisions at the schematic design
stage and shortened the timeframes for developing documentation (Reference No. 440/1
dated April 13, 2026).

Keywords: Digital Twin of Design Experience, design process organization,
digitalization, building, information modeling, BIM, design documentation quality,
predictive modeling, efficiency, optimization, facility life cycle, digital assets,

reconstruction, infrastructure.
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