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ONTHMAJBLHOI TPHMBAJOCTI OyAiBHHITBA B YMOBaX HEBH3HAYEHOCTI.-
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HaI[IOHAJIbHUIA YHIBEpCUTET OYyIBHUIITBA 1 apxiTekTypu. — Kuis, 2026.

JlucepTarirto TMPHUCBIYEHO KOHIENTYaJbHO-TECOPETUIHOMY Ta HAyKOBO-
METOJIMYHOMY  OOTPpYHTYBAaHHIO 1  PO3POOJIEHHIO  HAyKOBO-TIPUKIIATHOTO
IHCTPYMEHTApil0 BU3HAUYECHHS PpalliOHAIBHOI TPUBAJIOCTI OyAIBHUITBA B yMOBax
HEBU3HAYCHOCTI Ha 3acajaX KOMIUIGKCHOI 4YacoBO1 aHANITHKH, HOU(POBOTO
IPOTHO3YBaHHS Ta aJallTUBHOTO MOJIETIOBAHHS pU3MKiB. Peamizaris mocraBieHol
MeTH mepenbadae GopMyBaHHS MOJENEH CTOXaCTUYHOTO IUTAHYBaHHS CTPOKIB,
PO3POOJICHHS aNTOPUTMIB yXBaJIEHHSI CTPOKOBUX YIPABIIHCHKHUX PIllIEHb, a TAKOXK
MiATOTOBKY MPAaKTUYHUX PEKOMEHJAIIM s YIpaBIiHIIB, CHPSIMOBAaHUX Ha
CKOPOUYCHHS TPHUBAJIOCTI OyAiBHHIITBA 0O€3 3HWIKEHHS SKOCTI Ta TMOPYIICHHS
pecypcHoOi 30a1aHCOBAHOCTI

Hazanvnicmo nposedenns oOocniodcennss 3yMOBIIeHa TpaHChOpMaiHHUMU
mpoiiecaMd |y OyAiBENbHIM raiy3i, 00 CYNPOBOIKYIOTHCS HECTaOUIBHICTIO
30BHIIIHBOTO CEPEIOBHINA, 3MIHOI PHUHKOBOI KOH IOHKTYpPH, KOJIHBAHHSIMHU
pecypcHOro 3a0e3MedeHHs Ta 3POCTaHHSIM pu3uKiB. YWHHI HOPMAaTHBHO-
JETepMIHOBaHI MIAXOAU JI0 CTPOKOBOTO TUIAHYBaHHA B yMOBaX BapiaTUBHOCTI
TEXHOJIOT1H, JIOTICTUYHUX OOMEXEHb 1 HemependauyBaHUX YHMHHHUKIB BTPAYalOTh
TOYHICTh Ta KEPOBAHICTh, IO 3YMOBIIOE MOTPEOY BIPOBAIKEHHS CTOXACTHYHUX
METO/IB TMPOTHO3YBaHHA. AKTYaJIbHICTh JOCIUDKCHHS MIJACUIIOETHCS 3alUTOM
rary3i Ha [HUQPOBI, aAHATITUYHO OOIPYHTOBAHI MEXaHI3MH BU3HAYCHHS
ONTUMAJIBHOI TPHUBAIOCTI OYMIBHUIITBA 3 YypaxyBaHHSIM pPH3UKIB, pPECypcHOT
JIOCTYMHOCT1 Ta TE€XHOJOTTYHOI MOCII1IOBHOCTI. 3apONOHOBAHUN THCTPYMEHTapIid
CHPSIMOBAHMI Ha MIJBUIIEHHS TOYHOCTI KaJIGHJIapHOTO IJIAHYBAHHS, MIHIMI3aII110

3pUBIB CTPOKIB, CKOPOUYEHHSI BUTPAT 1 CHUHXPOHI3AIIIO Mii YYaCHUKIB MPOEKTY.



BnpoBamxenns #oro pesynbTaTiB 3a0e3neuye (GopMyBaHHS aJanTUBHUX MOJeENei
CTPOKOBOTO  VMpaBIiHHA,  OCOOJMBO  aKTyalbHUX  JJIi  MacluTaOHUX
1HQPaACTPYKTYPHUX, JE€BEJIONEPCHKUX 1 BIIIHOBIIOBAIIBHUX MTPOEKTIB.

lepwuii po3din oucepmayii ¢GoxycyBaBcs Ha (POpPMyBaHHI KOHIENTYyalbHO-
TCOPETUYHUX  3acajJ CTBOPCHHS  HAYKOBO-TIPUKIATHOTO  IHCTPYMEHTapito
BU3HAYEHHS ONTUMAJILHOI TPUBAJIOCTI OyNIBHUIITBA B YMOBaX HEBHU3HAYEHOCTI. Y
Horo Mexxkax 31HCHEHO PETPOCMEKTUBHHMI aHaji3 PO3BUTKY TMIAXOMIB [0
OLIIHIOBaHHS CTPOKIB OYy/IBEJIbHUX MPOLIECIB — BiJ] HOPMATUBHO-(IKCOBAHUX CXEM
0 THYYKHX IUGPOBUX MOJACICH KaJIGHIApHOTO IUIaHyBaHHSA. Po3KpuTO
€KOHOMIKO-OpraHi3aliifHy NpUpoJly HEBU3HAYEHOCTI Ta ii BIJIMB HAa YacoBil
napamMeTpu peaizaiii OyAiBeIbHUX MPOEKTIB, IO JalI0 3MOTY iAeHTHU(IKYyBaTH
KIIOYOB1  Tpynmu pus3uKkiB. HeBU3HAYEHICTh  OpraHizaliifHO-TEXHOJIOTTYHUX
XapaKTePUCTHUK JICBEIIONEPCHKOTO IMPOEKTY PO3TISIHYTO SK 0OaraTOBUMIpHY
KaTeropito, IO BiTOOpaka€ HEMOBHOTY Ta MIHJMBICTh 1H(MOpMaIl 1100
BHYTPIIIHIX 1 30BHINIHIX YWHHMKIB BIUIMBY Ha CTPOKH OymiBHUIITBA. Bona
OXOTUTIOE KOJIUBAHHS PECYPCHOTO 3a0e3MeueHHs, 3MIHHICTh TEXHOJOTTYHUX
pPEXUMIB, JIOTICTHYHHX YMOB, KaJIpOBOTO TOTEHIialy Ta OpraHizamiiHoi
CTpyKTypHu ympaBiiHHsA. OkpeMy yBary TMpHUIUIEHO BIUIMBY 30BHIIIHHOTO
CepeZIOBHINA, 30KpeMa TOJITUKO-CKOHOMIYHHMX, PETYJSTOPHHX Ta KIIMaTHUYHHX
YUHHUKIB. BUKOHAHO O[] CydYacHMX HAyKOBHUX IMIJIXOMIB JO aJalnTHBHOIO
VIOpPABIIHHS CTPOKaMH OYIIBHHUIITBA 3 YypaxyBaHHSIM CTOXAaCTHYHOI MPUPOIU
mporeciB. CdopMoBana TeopernyHa 0a3a CIyrye OCHOBOIO JJId TOOYIOBH
MPUKIAAHOTO 1HCTPYMEHTapilo MU(PPOBOrO MPOTHO3YBAHHA Ta MOJEITIOBAHHS
ONTUMAJIBHOT TpUBAJIOCTI OyAiBHUIITBA. OOIPYHTOBAaHO, IO HEBU3HAYECHICTH Yy
OyIiBETbHUX TPOEKTAX BHUCTYINAE aKTUBHUM (hakTOopoMm TpaHcdopmallii cuctemu
VOPABIIHHS YacoM, pecypcamMu Ta pe3yJIbTaTUBHICTIO. Y 3B’S3Ky 3 IIUM
KaJICHJapHE TUIAHYBAaHHS PO3TISAIAETHCSA SK TPOIEC AUHAMIYHOTO OajaHCyBaHHS
MDK JKOPCTKO (PIKCOBAaHUMH KOHTPOJIBHUMH TOYKaAaMU Ta aJalTUBHUMU
MEXaHI3MaMHM KOPUT'YBaHHsS. 3a0e3medeHHs CTIMKOCTI TpadikiB y 3MIHHOMY

CepesIoBHINl TOTpeOye BOPOBAIKEHHS CHUCTEMHHX IIJIXOAIB JO YMOpPaBIIHHS



HEBHU3HAYEHICTIO Ha OCHOBI IHTErpallii aHaJITAYHUX, MPOTHO3HUX, 1H(HOPMALIHHUX
1 HOBEIIHKOBUX 1HCTPYMEHTIB.

Jlpyeuui  po3oin Oucepmayii cUpsIMOBaHWM Ha QOpMyBaHHS 3arajbHO-
METOJMYHOTO MIAIPYHTS pO3pOOJIEHHS HAYKOBO-IPUKIAJHOTO IHCTPYMEHTAPiIO
BU3HAYEHHS ONTUMAJIbHOI TPUBAJIOCTI OyAIBHUITBA B YMOBaX HEBU3HAYEHOCTI. Y
MeXax IbOro eTamy 3IMCHEHO NepexiJ BiJ TEOPEeTUYHHX Yy3araibHEHb [0
noOy/0BH MPUKIAAHUX MOJENIed YacoBOi ONTHMI3allii OyIiBeJIbHUX MPOLECIB.
Po3poOneno wmetononorito ¢GopMyBaHHS Ta TpaHcopMmalii OpraHizaniiHo-
TEXHOJIOTITYHUX MEPEKEBUX MOJENeH Pi3HUX THIMIB i3 BUKOPHUCTAHHSIM CYYacHHX
BIM- ta PLM-TexHosorii, a Tako)X MPOTHO3HO-CIIEHAPHUX Ta ONTUMIZAI[IMHUX
niaxoaiB. I[lpoBeneHo cTpykTypuzaimito (axkTopiB, M0 BHU3HAYAIOTh YacOBI
napamMeTpH MPOEKTIB, 31 BCTAHOBJICHHSIM 1X B3a€MO3B’3KiB, IHTEHCUBHOCTI BIUTHBY
Ta MPIOPUTETHOCTI. 3aMPOIIOHOBAH1 MO/IEJI1 OLIIHIOBAHHS TPUBAJIOCTI 0a3yIOThCS Ha
IMOBIpHICHMX 1 CTOXaCTHYHUX METOJaX, IO Ja€ 3MOTy BpaxOBYBaTH
HEBU3HAYEHICTh 1 pu3uku. OcoOJIMBY yBary MNpUIUIEHO iHTerpaiii mudppoBUx
IHCTPYMEHTIB TPOTHO3YBaHHS Yy (OpMyBaHHS pAIIOHAIBHOTO KaJEHIapHOTO
rpadika. OO6rpyHTOBaHO JOIUTBHICTD o0y 108U 0araToBUMIpHOTO
KIacu(ikamifHoro MpPOCTOPY 3  ypaxyBaHHSIM  IMOBIPHICHOTO  PO3MOJLTY
napameTpiB. CPopMOBaHO THUMOJIOTIIO BIUIMBY KIIOUOBUX (PAKTOpIB Ha 4YacoBi
3aTPUMKH Ta BHU3HAYEHO IiXHIO TMPIOPUTETHICTh MMIOJ0 KPUTHYHOTO MUIAXY.
3anmponoHOBaHO METOJOJIOTII0 BHKOpUCTaHHS Moxaened Monrte-Kapno, Teppi
Binessmca Ta 0aleCiBCBKMX MEXaHI3MIB OHOBIICHHS OIIHOK. JloBedeHo, IO
CTOXaCTHYHI Mojeni 3a0e3MmeuyloTh TMepexill Bil TOYKOBUX TMPOTHO3IB 10
IHTEpBAJIBHUX OIIHOK 13 po3moiyioM iMoBipHOcTel. lle mo3BONsiE BU3HAUATH HE
JUIIIe OYiKYBaHHWI CTPOK 3aBEPIICHHS POOIT, a i KpUTUYHI YacOBi MEXi peamizaii
mpoekty. [lokazaHo MOXKIIMBOCTI ajanTarlii IpOrHo3iB 0 3MiH 30BHIIHIX YMOB Y
pexumi peanbHOTO 4Yacy. OOIrpyHTOBaHO HEOOXINHICTh YpaxXyBaHHS CKIJIAJTHUX
B3a€MO3B’SI3KIB MK pI3HOpiIHUMH (akTopamu HeBuU3HadeHOCTI. CdhopmMoBaHO
MIAX1A A0 aHali3y YyTJIUBOCTI, CLIEHAPHOT'O IPOTHO3YBAHHS T4 CUMYJIALT PU3HKIB.

3anporoHOBAaHO MOCTIOBHY JOTIKY MOOYJIOBU CTOXaCTUYHOI MOJENl — Bia 300py



BXITHUX JaHUX 1O MPUUHATTS YHNpaBiIlHChKUX pilieHb. ChopMOBaHE METOIUYHE
HNIAIPYHTS CTBOPIOE OCHOBY Il ampoOamii MNpUKIAJHOTO 1HCTPYMEHTapIio
ONTHUMI3allli TPUBAJIOCTI OyAIBHULTBA HA HACTYITHOMY €Tari JOCTII>KEHHS.

Tpemit, KIOUYOBUM, PO3ALUT AMCEpTallii BimoOpakae ¢GopMyBaHHS Ta
MpakTUYHY  anpoOalir0  HAyYKOBO-aHATITUYHOTO  KOMIUIEKCY  BHU3HAYCHHS
ONTUMAJIBHOT TPUBAJIOCTI OyIIBHUITBA B YMOBax HeBU3HaueHOCTI. Ha npomy erami
BCl NpOLEAYypU ONTHMIi3allii CTPOKIB Ta BIANOBIAHI pe3yJbTaTH OTPUMAHO Ha
OCHOBI 3aCTOCYBaHHsI CyTTE€BO MOJICPHI30BaHOI U(POBO-aJaITOBAHOT MEPEIKEBOT
OpraHi3aliifHO-TeXHOJOr1YHOT Mojenl OyaiBHulTBa. Po3pobiieHo anroputmu
NPUKAHATTS CTPOKOBUX YMPABIIHCHKUX DillleHb, MPUCTOCOBAHI 10 HECTaOUTLHOCTI
30BHIIIHKOTO CEPEIOBHUINA Ta BApPIaTUBHOCTI pECypCHUX OOMekeHb. BHKOHaHO
Bepudikamito 1udpoBoi Momeni onTumizaiii Ha 0a3i  (PaKTHUHUX JaHUX
peanizoBaHuX OyIiBEIbHUX MPOEKTIB. KIIOYOBUM pe3ysbTaToM eTamy CTajlo
CTBOPEHHS HHU(POBOT MEpPEKEeBOi MOJENl BIOCKOHAJICEHOTO THUIY, IO MOEIHYE
iH(hOopMaIliitHO-aHATITHYHI, MPOTHO3HI Ta KOPUTYBAJIbHI MPOLEAYPH ONTHUMI3aIlii
TPUBAJIOCTI POOIT y MeXaxX IUKIY OYIIBEIHHOTO JIEBEJIONEPCHKOTO TIPOEKTY.
OO6rpyHTOBaHO JIOTIKY 1HTerpamii MmUGPOBUX IHCTPYMEHTIB Y CTPYKTYPY
MEpEeXEeBOi MOJENI Ta 3aCTOCYBaHHS aJITOPUTMIB IH(PPOBOTO CIIEHAPHOTO
MOJICITIOBaHHS. BHWKOHAHO TOPIBHAJIBHUK aHai3 0a30BOi Ta ONTHMI30BaHOT
TPUBAJIOCTI 3 BHKOPUCTAHHIM TPAAMIIHAHUX 1 CTOXaCTHYHHX ITIIXOMIB.
JlocTiHKEHO 3alIeKHICTh CKOPUTOBAaHO! TPHUBAIOCTI BiA PIBHSA HECTAOLILHOCTI
30BHIIIHBOTO CEPEIOBUINA. 3aPONOHOBAHO aJaTUBHUM alTOPUTM ONTHUMI3alli Ta
QJITOPUTM OOUYMCIIEHHS CKOPUIOBAHOI TPUBAJIOCTI 3 BUKOPHUCTAHHSM HEHPOHHOI
mepexi tumy LSTM. Peanizaris mporo erany 3abe3nednia 3pOCTaHHS TOYHOCTI
MPOTHO3IB, MIABUINCHHS HAAIMHOCTI Ta MPUKIATHOT  PE3yIbTATHBHOCTI
po3pobienoi moxaem. ChopMoBaHO MPaKTHYHI MEPEIyMOBH IS il IOJAIBIIOTO
BIIPOBADKCHHSI Y AISUTHHICTH OyAIBETbHUX OpraHi3allii Ha HACTYIMHOMY eTarli
JOCIIIKEHHSI

Yemeepmuil, 3a6epuiaibHuli po30ij JTACEPTAIlll TPUCBIYCHUN MPAKTHIHOMY

BIPOBA/KECHHIO po3po0JIeHOTO HayKOBO-TIPUKJIATHOTO THCTPYMEHTAPIIO



BU3HAYEHHSI ONTUMAJIbHOI TPUBAJIOCTI OYyAIBHULITBA Ta OLIHIOBAHHIO PE3yJIbTATIB
Horo (hyHKIIIOHYBaHHS B peaIbHUX BUPOOHMUYKX yMoBaX. KiltouoBUM pe3ynbTaTom
eTany € CTBOPEHHS KOMIUIEKCY MPUKIAAHUX MPOrpaMHHX 3ac001B, IO peani3yloTh
yIOCKOHANeHY  HU(GPOBY  MEpeKeBY  MOJENb  LUKIY  OyAiBEIbHOTO
JeBeNIonepchkoro  mpoekTy. Ilporpamui  moaysni  3a0e3nedyroTh IU(poBUit
CYINpPOBIJ aJAMIHICTPYBAaHHS MPOEKTY, (OpMyBaHHS NEPBUHHOTO MPOQUI0 ydacTi
OpraHi3ailiii-BUKOHaBILIIB, OIIIHIOBAaHHS POJ1 CTEHKXOJJEpiB 1 BHU3HAYCHHS
KJIIOYOBUX TMOKa3HUKIB edexTuBHOCTI. IloOynoBana iHTerpoBaHa MepekeBa
MOJIETb JI03BOJISIE BiITBOPIOBATH KPUTHYHUN MUIAX, 3IMCHIOBATH JIOKAJi3aIlifo
«BY3bKMX MiCIIb» Ta BUKOHYBAaTH KOPUTYBaHHS PECYpCHOTO 3abe3meueHHS.
[HCTpyMEHTH (haKTOPHO-PU3MKOBOI JEKOMIIO3MIIIT 1 CTOXaCTHYHO-HMOBIPHICHOTO
NPOTHO3YBaHHS 3a0€3MeUyIOTh paH)KyBaHHS PU3HKIB Ta CIICHAPHE MOJCITIOBAHHS
CTpokiB. Mopayni aganTuBHOro HaB4aHHA Ha ocHOBI LSTM Ta wmexaHi3mMu
0aileciBCLKOr0 OHOBJICHHSI MIATPUMYIOTh CAaMOHABYAaHHS W MOCTIHHE YTOYHEHHS
mMozene. OntumizamidiHuii OJIOK BH3HAYAa€ MIHIMAJIBLHO MOXKJIUBI CTPOKH 3
ypaxyBaHHSIM PIiBHS pHU3HUKIB, a MIJACYMKOBHH MOIYIb 3IHCHIOE CHHTE3
pEe3yNbTaTIB I  OCTAaTOYHOI'O  Y3TOJKEHHSI  OpraHi3alifHO-TEXHOJOTTYHUX
napaMmeTpiB. 3aco0M Bi3yaJIbHOI aHANITUKK Ta JamoopAau 3a0e3medyroTh
OTICPAaTHBHUM KOHTPOJb 1 HAao4YHE BiIOOpaKEHHS CTaHy MpoekTy. Ilimcymkom
pO3ITy € BHU3HAUYCHHS CHHEPreTUYHOTO e(EeKTy IPOEKTHOTO IHKIY, OIlIHKa
TEXHIYHOI, EKOHOMIYHOI Ta BUKOHABYOI PE3yJIbTATUBHOCTI, a TAKOX (HopMyBaHHS
MPAKTUYHUX PEKOMEHJAIlA I0J0 CKOPOYEHHs TpuBajocTi OymiBHUIITBa 0e€3
3HIDKEHHS SIKOCTI.

InHosayitinoro  cymuicmio TPEACTABICHOTO JOCHIIKEHHS, IO BUPIZHIE
Horo 3Ha4YeHHs AJI1 HayKH, € HayKOBE OOIPYHTYBAaHHS Ta BIPOBAIKEHHS HOBOI'O
ANITOPUTMY IMITAIIITHO-CTOXaCTUYHOTO KOPUTYBaHHS Ta ONTHMI3aIlli TPUBAIOCTI
BUKOHAHHS POOIT y OymIBENIbHUX MPOEKTAX. AJTOPUTM IMepeadadae CHCTEMHY
MOCTAaHOBKY 3ajiadl 3 BU3HAUYCHHSAM OO0’ €KTa MOJICNIOBAHHS, IUICH OMTHUMI3AIlii,
KPUTUYHHUX POOIT, peCypCHUX OOMEKEHb Ta KIFOUOBUX MOKA3HUKIB €()eKTUBHOCTI.

BuKOpUCTOBYETHCS CTPYKTYpPOBaHUM 301p 1 MATOTOBKA BUXIJHUX JAHUX, BKIKOYHO



3 KaJeHJapHuMU rpadikaMu, pecypcamu Ta ICTOPUYHO 1H(OPMALIIE0 PO CTPOKHU
BUKOHaHHS poOIT, 13 (QOpMyBaHHAM HMOBIPHICHUX IHTE€pPBAJIB TPUBAJIOCTI.
CTBOpIOEThCSL JIeTallbHA [OYaTKOBa MojeNlb rpadika poOiT, M0 BiATBOPIOE
3aJIEKHOCTI MDK 3aBJaHHAMHM Ta PECYpCHUMH OOMeXeHHSAMU. Imitaiiiine
MO/ICJIIOBaHHS J103BOJISIE€ OILIIHIOBATH PO3MOJILI 3arajibHOi TPUBAJIOCTI OYA1BHULITBA
Ta BUSBJSITH KPUTWYHI NUISIXM, a CTATUCTUYHHUHA aHaTi3 pe3ynbTaTiB 3abe3meuye
KOpPUT'YyBaHHS POOIT 13 BUCOKMM PHU3UKOM 3aTpuMOK. ONTUMIi3aliiHl mpoueaypH,
BKJIIOYHO 31 CTOXaCTHYHMMH METOJaMH Ta TEeHETUYHHMH aJTrOpUTMaMH,
BU3HAYAIOTh MIHIMaJIbHI OYIKYBaH1 CTPOKH 3 YpPaxXyBaHHSIM PECYpCHUX OOMEXEHb.
[IpoBeneno Bamigaiiro MoJielli HA OCHOBI ICTOPMYHHUX Ta PEAIbHHUX JaHUX, IO
MiIBUIIY€E TOYHICTh MPOrHO3iB. DOPMYIOThCA MPAKTHYHI peKOMEHAalll Ta TUlaH
YIPaBIiHHS PHU3UKAMHU I €(PEKTHBHOTO PECYpPCHOTO Ta YacOBO OPIEHTOBAHOTO
KEpYBaHHS MTPOEKTOM.

HaykoBa HOBHM3Ha aucepraliiHOi poOOTH TOJATa€E y BOPOBAKEHHI Ta
TEOPETUYHOMY  OOIPYHTYBAaHHI CTOXaCTHYHOIO MIAXOAY JO BHU3HAUCHHS
TPUBAJIOCTI OYJIBHMUIITBA, 110 BIEPILE PO3TIISAIAE YaCOBI MapaMeTpU MPOEKTY SIK
iHTEepBaaW WMOBIPHICHUX CTaHIB 3aMicTh (PIKCOBAaHUX 3HAYECHb. Y Mexax
JTOCJTIJDKEHHSI 3alpOIIOHOBAHO Kiacu(iKallito YNHHHUKIB, 110 BIUTUBAIOTh Ha CTPOKHU
peamizamii  OymiBHUIITBA, BKJIIOYHO 3 OpraHi3alliiHUMH, TEXHOJOTTYHUMH,
PECYpPCHUMH, 30BHIIIHIMH Ta (OPC-MAKOPHUMH PHU3UKAMHU, 3 BHU3HAYCHHIM IX
IHTEHCUBHOCTI Ta WMOBIPHOCTI BIUTUBY. TeOpeTHKO-MeTOMWYHUuN (yHIaMEHT
CTPOKOBOTO IJIaHYBaHHS BIOCKOHAJEHO IIJISXOM IHTErparlii 6araropakTopHOTro
aHamizy Ta IMOBIPHICHOTO MOJENIOBaHHS, M0 3a0€3Medmsio aJanTUBHICTh
VIOPABIIHCHKUX PIllIEHh B yMoBax HeBu3HaueHOCTI. CdopmoBano 1mudpoBuit
IHCTpYMEHTapiii MPOTrHO3yBaHHS CTPOKIB 13 3aCTOCYBaHHSIM MeTo1iB MonTe-Kapio
Ta aHaJIi3y YyTIUBOCTI, KUl JO3BOJISIE aBTOMATUYHO T€HEPYBaTH albTePHATHBHI
KajeHaapHi cueHapii. [Tonanpmunii po3BUTOK OTpUMANU MIAXOAU 10 (HOPMYBaHHS
KaJICHJApPHO-PECYPCHUX CTpATeriii yepe3 BBEIECHHs MOKa3HMKa rHy4KocTi F-index,
0 XapaKTepU3ye€ 3AaTHICTh CHUCTEMH aJanTyBaTUCA A0 3MiH CepeloBHIIA.

[lopganbmioro po3BUTKY HaOysna mpolenypa OIIHKM €(PEeKTUBHOCTI CTPOKOBOIO



VIOPABIIHHS 13 3aCTOCYBaHHAM 1HTerpasbHOro TRE-iHAEKCy, OpiEHTOBaHOIO Ha
PU3UKOBO-YaCOBY PE3yJIbTATHUBHICTb.

Ha mizncraBi orpuMaHux y qucepraiiii pe3yibTaTiB:

Bnepwe:
v\ OOIpYHTOBaHO  «IHTETpOBaHEe  MOHATTA  ONTHMAIbHOI  TPHBAIOCTI
OyZIBHULITBA. OnTtumanbsHa TPUBATICTb peamnizanii OyIIBETbHOTO
JCBEIIONIEPCHKOTO  MPOEKTY  BU3HAYAETHCS  SIK  HAYKOBO  OOTPYHTOBaHWH,
aJanTUBHUI YacOBHM 1HTEpBaa 3A1MCHEHHS 1HBECTHUIINHO-OYMIBEIBLHOTO IUKIY.
Bin ¢dopmyerbea nuisixom 0araTOBUMIPHOTO aHaji3y BHYTPIIIHIX 1 30BHINIHIX
YMOB PO3BUTKY TMPOEKTY Ta (POPMATI3yEThCS 3 BUKOPUCTAHHIM CTOXAaCTUYHUX 1
NMOBIPHICHUX METO/1B MTPOTHO3YBaHHS;
v' po3po0JIEHO HOBY KiIacH(iKallil0 YMHHUKIB, IO BILIMBAIOTHL HA TPUBAIICTH
peanizaiii OyAiBeIbHUX MPOEKTIB, y MEXaX SIKOT YaCOB1 PU3UKHU CTPYKTYPOBAHO 3a
rpylaMH: OpraHi3alliifHi, TEXHOJIOT14HI, PECypCHIi, 30BHIIMIHI Ta (HOpPC-MaKOpHI.
KoxeHn QakTop OLIHIOETHCS 3a CUJIOI0 BILUIMBY, MOTO HAIpPSIMOM Ta WMOBIPHICTIO
peaizaiii;

Yoockonaneno:
- cmoxacmudnuil nioxio 00 BU3HAYEHHs mMpuearocmi OyOieHuymea, SKAu
IHTErpy€e IMOBIpPHICHI MapaMeTpH PECYPCHHMX BIIXWIICHb, PU3UKOBI (HaKTOpH Ta
BapiaTHBHICTh TEXHOJOTTYHUX TporieciB. Lle m03BoIs€e oriHIOBaTH YacoBi ClieHapii
He K (hIKCOBaHI BEJMYMHHU, a AK Jlama3oH IMOBIPHICHUX CTaHIB, IO MIABHUIILYE
TOYHICTb TPOTHO3iB, 3a0e3nmedye THYYKICTh VYIPABIIHCHKUX pIlIEHb Ta
aJaNTUBHICTh TUTAHYBAHHS Y 3MIHHOMY CEpEIOBHII Oy1IBEIIBHOTO MPOEKTY.
- meopemuKo-memoouyHi nioxoou 00 CMPOKOBO20 NIAAHYBAHHA WAAXOM
inmeepayii bacamogaxmopro2o ananizy 3 imogipuichum mooemosannam. Lle namo
3Mory chopmMyBaTH aJanTHBHY METOJWKY OI[IHKA TPUBAJIOCTI OyHiBHUIITBA B
yMOBax HECTaOUIBHOCTI Ta HEBH3HAYCHOCTI, 3a0e3medyrour OOIpyHTOBaHE
MPUUHATTS PIIIEHB 00 KPUTUUYHUX POOIT, pECypCHUX OOMEXKEHb Ta MPIOPUTETIB

BUKOHAHHS 3A80AHb.



- HAYKOBO-MemoOudHull nioxio 0o ¢opmanizayii 3micmy ma no6yo0osu
KOMNOHEHmM YUppo8oeo IHCMpPYyMenmapilo npo2HO3Y8aHHs CMPOKie 0yoieHuymad,
3acnoeanoco Ha memooax Moume-Kapno, ananizi uymausocmi ma pusuko8oMy
pandicysanni  ¢pakmopis. lle 3abesnedye aBTOMaTu30BaHE  (OPMYBaHHS
aNbTEPHATUBHUX KaJIEHJAPHUX CLEHapiiB, J103BOJSE OLIHIOBATH BaplaTUBHICTD
CTPOKIB, IPOrHO3YBATH KPUTHYHI LUISXHU Ta MiBUILYE €(DEKTUBHICTH yNPABIIHHS
YaCOBHMH MapaMeTpaMu IPOEKTIB.

Habyau nooanvuio2o po3eumky:
. HAYKOBO-NPUKIAOHI  NiOX00U 00 KOMNIEKCHOI iHmezpayii  KIACUYHUX
mepedcesux mMemooie opeauizayii 0yoigHuymea 3 yu@dposumu IHCMpPYMeHmamu
niavysanus. Po3poOiieHa MOJenb TMO€EIHYE MapaMeTpUUHUM Tpado-aHATITHIYHUN
6azuc BIM i1 BHCOKOTOYHUX CHUMYISIIN JKUTTEBOTO ULHUKIY 00’€KTa,
JI03BOJISIFOYH Bi3yalli3yBaTH 4acOBi Ta TEXHOJIOTIUHI B3aEMO3B’ I3KH, MPOTHO3YBATH
HACTIAKM 3MiH 1 OIliHIOBaTH pu3uku. lle 3a0e3medye MiABUIIEHY TOYHICTH
yIPaBIIHHS MPOEKTOM Ta KOHTPOJIb 32 TPUBATICTIO POOIT;
. MEMOOUKO-AHAIIMUYHI  npoyedypu  BIOCMEdNCeHHs — mpaHchopmayill
OpP2aHi3aYiliHO-MEXHONIOCIUHUX XAPAKMEPUCMUK HA B8CIX cmaodiax OyOdieHuymaea.
Takuii miAXix BIOKpUBAE MOXIMBOCTI  JUJIS  JUHAMIYHOTO  KOPHUTYBaHHS
KaJICHJIapHUX IUJIaHIB 1 PECYpCHOro 3a0e3NledeHHs B YMOBaX HEBHU3HAYECHOCTI,
NOETHYIOUM MUGPPOBI Ta TPAAUIIINHI METOIN YIPABIIHHSA, 1[0 CIIPUSE ONTUMI3aIlil
TPUBAJIOCTI  OyJIBHMIITBA Ta  IMABHINCHHIO  €(EKTUBHOCTI  peamizamii
JIEBEJIONEPCHKUX MPOEKTIB;
. HAYKOBO-MemOOUYHi  nioxoou 00 GopmysanHs KaieHOApHO-pecypPCHUX
cmpamezill yepe3 68e0eHHs NOKASHUKA SHYUYKOCMI CmpoKogoeo ynpaeniHusa (F-
index). lleii inmgukaTop BiZOOpaXka€ 3MATHICTh MPOEKTY aNanTyBaTHUCSA JO 3MiH
pECypCHO1 NHWHAMIKM Ta BIUIMBY 30BHINIHIX PU3UKIB, 3a0€3Me4yround OUIbIITY
CTINKICTP 1 €PEKTUBHICTH Yy TUTAHYBaHHI Oy/iBETbHUX MPOIIECIB;
. aHanimuyui  npoyeodypu  OYIHIOBAHHS  e@EeKMUBHOCMI  CMPOKOBO2O
NIIAHY8AHHSL UWLISIXOM 6nposaddicenns inmezpanvhoi mempuku Time-Risk Efficiency

(TRE-inoexcy). Bona m03BoJjisie KUTbKICHO OIIHUTH SKICTH YIPABIIHHS CTPOKAMHU



MOPIBHIHO 3 TPAAUUIAHUMHU JETEPMIHOBAHUMHU METOJIaMH, BPAXOBYIOUU PU3UKOBI
Ta YacoBl aCMEKTH, L0 MIJBUIUIYE TOYHICTh 1 MPOTHO30BAHICTh YHPABIIHCHKUX
pIllICHb.

Pesynprati HAyKOBOTO JOCTI/KEHHS 3HAWIUIA CBOE 3aCTOCYBaHHS B
JIsIbHOCT1 OYJIBEJIbHUX Ta JIEBEJIONEPChKUX KOMMaHid, 30kpema «ExcnepTusa-
C», «Mapcror-rpym» Ta «Anbda-cepBic». Ha ocHOBI gociikeHb aBTopa 0yio
CTBOPEHO KOMIUIEKC MporpaMm Juisi ONTUMI3alii TpUBajocTi podIT y
JICBEJIONEPChKUX Ta OyIiBeIbHUX TNPOEKTaX. BHpoBaKeHHS pPO3pOOJIICHOTO
IHCTpYMEHTapil0 J03BOJISIE CKOPOTHTH CTPOKH peami3ailii MPOEKTiB, 3HU3UTH
piBEHb HEBM3HAUYCHOCTI Ta €()EeKTHBHIIIE BUKOPUCTOBYBATH pecypcH. Pe3ymbraTu
MOXYTh CIIyTYBaTH OCHOBOIO IJisi (POPMYBaHHS KOPIMOPATHBHHUX PETIAMEHTIB
yIPaBIiHHS CTPOKaMU. BOHM TakKOX BiIKPHUBAIOTh TEPCIICKTHUBUA PO3BUTKY
iHTerpoBanux BIM-moaynie (BIM+Time) Ta cucteM MOHITOPUHTY PU3HKIB.
Oxkpemi pe3ynbTaTd TOCHIIKEHHS OynM IHTErpoBaHI Yy HaBYAIBHI JUCHUILIIHH,
Marictepchki po6oTu Ta keic-tpeHaxepun KHYBA.

Kniwouoei cnosa: opranizamiss OyIiBHUIITBA, ONTUMaJbHA TPUBATICTh
OyIIBHUIITBA,  HEBU3HAUYEHICTh  XapPaKTEPUCTUK  OYAIBETBHOTO  IIPOEKTY,
CTOXAaCTHYHE MOJICIIOBAaHHS CTPOKIB, HMOBIpHICHI METOIW IPOTHO3yBaHHS,
iHTerpariss BIM-mudpoBux Ta KaleHZapHUX  MOENICH, pPU3HK-OpPIEHTOBAHE
yIpaBIiHHS, aJTOPUTMHM iMiTaliiHo1 ontumizamnii, TRE-1HmeKC .
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The dissertation is devoted to the conceptual, theoretical and scientific and
methodological substantiation and development of scientific and applied tools for

determining the rational duration of construction under conditions of uncertainty



on the basis of complex time analytics, digital forecasting and adaptive risk
modeling. The implementation of the goal involves the formation of models of
stochastic planning of terms, the development of algorithms for making timely
management decisions, as well as the preparation of practical recommendations for
managers aimed at reducing the duration of construction without reducing quality
and disrupting resource balance. The urgency of conducting the study is due to
transformational processes in the construction industry, which are accompanied by
the instability of the external environment, changing market conditions,
fluctuations in resource supply and increasing risks. Current regulatory-
deterministic approaches to term planning in the conditions of variability of
technologies, logistical constraints and unpredictable factors lose accuracy and
manageability, which necessitates the introduction of stochastic forecasting
methods. The relevance of the study is enhanced by the industry's demand for
digital, analytically based mechanisms for determining the optimal duration of
construction, taking into account risks, resource availability and technological
consistency. The proposed toolkit is aimed at increasing the accuracy of schedule
planning, minimizing schedule disruptions, reducing costs and synchronizing the
actions of project participants. The implementation of its results ensures the
formation of adaptive models of schedule management, especially relevant for
large-scale infrastructure, development and restoration projects.

The first section of the dissertation focused on the formation of conceptual
and theoretical foundations for creating a scientific and applied toolkit for
determining the optimal duration of construction under conditions of uncertainty.
Within its framework, a retrospective analysis of the development of approaches to
estimating the terms of construction processes was carried out - from regulatory
fixed schemes to flexible digital models of schedule planning. The economic and
organizational nature of uncertainty and its impact on the time parameters of the
implementation of construction projects was revealed, which made it possible to
identify key risk groups. The uncertainty of the organizational and technological

characteristics of a development project was considered as a multidimensional



category that reflects the incompleteness and variability of information regarding
internal and external factors influencing the construction terms. It covers
fluctuations in resource provision, variability of technological regimes, logistical
conditions, human resources potential and organizational management structure.
Special attention is paid to the influence of the external environment, in particular
political, economic, regulatory and climatic factors. A review of modern scientific
approaches to adaptive management of construction deadlines is carried out, taking
Into account the stochastic nature of processes. The theoretical basis formed serves
as the basis for building an applied toolkit for digital forecasting and modeling of
optimal construction duration. It is substantiated that uncertainty in construction
projects acts as an active factor in the transformation of the time, resource and
performance management system. In this regard, calendar planning is considered
as a process of dynamic balancing between rigidly fixed control points and
adaptive adjustment mechanisms. Ensuring the stability of schedules in a changing
environment requires the implementation of systemic approaches to uncertainty
management based on the integration of analytical, predictive, information and
behavioral tools.

The second section of the dissertation is aimed at forming a general
methodological basis for developing a scientific and applied toolkit for
determining the optimal duration of construction under conditions of uncertainty.
Within the framework of this stage, a transition was made from theoretical
generalizations to the construction of applied models of time optimization of
construction processes. A methodology for the formation and transformation of
organizational and technological network models of various types was developed
using modern BIM and PLM technologies, as well as forecasting and scenario and
optimization approaches. The factors that determine the time parameters of
projects were structured, with the establishment of their interrelationships, intensity
of influence and priority. The proposed models for estimating duration are based
on probabilistic and stochastic methods, which makes it possible to take into

account uncertainty and risks. Special attention is paid to the integration of digital



forecasting tools into the formation of a rational calendar schedule. The feasibility
of constructing a multidimensional classification space taking into account the
probability distribution of parameters was substantiated. A typology of the
influence of key factors on time delays has been formed and their priority with
respect to the critical path has been determined. A methodology for using Monte
Carlo, Terry Williams, and Bayesian estimation update mechanisms has been
proposed. It has been proven that stochastic models provide a transition from point
forecasts to interval estimates with probability distributions. This allows us to
determine not only the expected completion time of the work, but also the critical
time limits for project implementation. The possibilities of adapting forecasts to
changes in external conditions in real time have been shown. The need to take into
account complex relationships between heterogeneous uncertainty factors has been
substantiated. An approach to sensitivity analysis, scenario forecasting, and risk
simulation has been formed. A consistent logic for building a stochastic model has
been proposed - from collecting input data to making management decisions. The
formed methodological basis creates the basis for testing the applied tools for
optimizing construction duration at the next stage of the study.

The third, key, section of the dissertation reflects the formation and practical
testing of a scientific and analytical complex for determining the optimal duration
of construction under conditions of uncertainty. At this stage, all procedures for
optimizing terms and the corresponding results were obtained based on the
application of a significantly modernized digitally adapted network organizational
and technological model of construction. Algorithms for making timely
management decisions have been developed, adapted to the instability of the
external environment and the variability of resource constraints. The digital
optimization model has been verified based on actual data from implemented
construction projects. The key result of the stage was the creation of an advanced
digital network model that combines information-analytical, predictive and
corrective procedures for optimizing the duration of work within the cycle of a

construction development project. The logic of integrating digital tools into the



structure of the network model and the application of digital scenario modeling
algorithms has been substantiated. A comparative analysis of the basic and
optimized duration has been performed using traditional and stochastic approaches.
The dependence of the adjusted duration on the level of instability of the external
environment was studied. An adaptive optimization algorithm and an algorithm for
calculating the adjusted duration using a neural network of the LSTM type were
proposed. The implementation of this stage ensured an increase in the accuracy of
forecasts, increased reliability and applied effectiveness of the developed model.
Practical prerequisites were formed for its further implementation in the activities
of construction organizations at the next stage of the study. The fourth, final
section of the dissertation is devoted to the practical implementation of the
developed scientific and applied tools for determining the optimal duration of
construction and evaluating the results of its functioning in real production
conditions. The key result of the stage is the creation of a set of applied software
tools that implement an improved digital network model of the construction
development project cycle. Software modules provide digital support for project
administration, the formation of the primary profile of the participation of
implementing organizations, the assessment of the role of stakeholders and the
determination of key performance indicators. The built integrated network model
allows you to reproduce the critical path, localize "bottlenecks” and make
adjustments to resource provision. Factor-risk decomposition and stochastic-
probabilistic forecasting tools provide risk ranking and scenario modeling of terms.
Adaptive learning modules based on LSTM and Bayesian update mechanisms
support self-learning and constant refinement of models. The optimization block
determines the minimum possible terms taking into account the level of risks, and
the final module synthesizes results for the final coordination of organizational and
technological parameters. Visual analytics tools and dashboards provide
operational control and a visual display of the project status. The result of the
section is the determination of the synergistic effect of the project cycle, the

assessment of technical, economic and executive effectiveness, as well as the



formation of practical recommendations for reducing the duration of construction
without reducing quality.

The innovative essence of the presented research, which distinguishes its
significance for science, is the scientific substantiation and implementation of a
new algorithm for simulation-stochastic adjustment and optimization of the
duration of work in construction projects. The algorithm involves a systematic
formulation of the problem with the definition of the object of modeling,
optimization goals, critical works, resource constraints and key performance
indicators. Structured collection and preparation of input data is used, including
calendar schedules, resources and historical information on the terms of work, with
the formation of probabilistic duration intervals. A detailed initial model of the
work schedule is created, which reproduces the dependencies between tasks and
resource constraints. Simulation modeling allows you to estimate the distribution
of the total construction duration and identify critical paths, and statistical analysis
of the results provides adjustment of works with a high risk of delays.
Optimization procedures, including stochastic methods and genetic algorithms,
determine the minimum expected terms taking into account resource constraints.
The model is validated based on historical and real data, which increases the
accuracy of forecasts. Practical recommendations and a risk management plan are
formed for effective resource and time-oriented project management.

The scientific novelty of the dissertation work lies in the implementation and
theoretical substantiation of a stochastic approach to determining the duration of
construction, which for the first time considers the time parameters of the project
as intervals of probabilistic states instead of fixed values. The study proposes a
classification of factors affecting the timing of construction, including
organizational, technological, resource and external risks, with a determination of
their intensity and probability of impact. The theoretical and methodological
foundation of term planning is improved by integrating multifactor analysis and
probabilistic modeling, which ensures the adaptability of management decisions in

conditions of uncertainty. A digital toolkit for forecasting deadlines using Monte



Carlo methods and sensitivity analysis has been developed, which allows for the
automatic generation of alternative calendar scenarios. Approaches to the
formation of calendar-resource strategies have been further developed through the
introduction of the F-index flexibility indicator, which characterizes the system's
ability to adapt to environmental changes. The procedure for assessing the
effectiveness of term management has been improved by using the integral TRE
index, focused on risk-time performance.

Based on the results obtained in the dissertation:

For the first time:

v' the "integrated concept of optimal construction duration" has been
substantiated. The optimal duration of the implementation of a construction
development project is defined as a scientifically substantiated, adaptive time
interval for the implementation of the investment-construction cycle. It is formed
through a multidimensional analysis of the internal and external conditions of the
project development and is formalized using stochastic and probabilistic
forecasting methods;

v'a new classification of factors affecting the duration of construction
project implementation has been developed, within which time risks are structured
into groups: organizational, technological, resource, external and force majeure.
Each factor is assessed by the strength of the impact, its direction and probability
of implementation.

Improved:

- a stochastic approach to determining the duration of construction, which
Integrates probabilistic parameters of resource deviations, risk factors and
variability of technological processes. This allows time scenarios to be assessed
not as fixed values, but as a range of probabilistic states, which increases the
accuracy of forecasts, ensures flexibility of management decisions and adaptability
of planning in a changing environment of a construction project.

- theoretical and methodological approaches to time planning by integrating

multifactor analysis with probabilistic modeling. This made it possible to form an



adaptive methodology for estimating the duration of construction in conditions of
instability and uncertainty, ensuring informed decision-making regarding critical
work, resource constraints and task performance priorities.

- a scientific and methodological approach to formalizing the content and
building components of a digital construction time forecasting tool, based on
Monte Carlo methods, sensitivity analysis and risk ranking of factors. This
provides automated generation of alternative calendar scenarios, allows to assess
variability of terms, predict critical paths and increases the efficiency of managing
time parameters of projects.

Further development has been made:

* scientific and applied approaches to the complex integration of classical
network methods of construction organization with digital planning tools. The
developed model combines the parametric graph-analytical basis of BIM for high-
precision simulations of the life cycle of an object, allowing to visualize time and
technological relationships, predict the consequences of changes and assess risks.
This provides increased accuracy of project management and control over the
duration of work;

» methodological and analytical procedures for tracking transformations of
organizational and technological characteristics at all stages of construction. This
approach opens up opportunities for dynamic adjustment of calendar plans and
resource provision in conditions of uncertainty, combining digital and traditional
management methods, which helps to optimize the duration of construction and
increase the efficiency of the implementation of development projects;

» scientific and methodological approaches to the formation of calendar and
resource strategies through the introduction of the term management flexibility
indicator (F-index). This indicator reflects the ability of the project to adapt to
changes in resource dynamics and the impact of external risks, ensuring greater
stability and efficiency in the planning of construction processes;

« analytical procedures for assessing the effectiveness of term planning by

implementing the integrated Time-Risk Efficiency metric (TRE-index). It allows



you to quantitatively assess the quality of term management compared to
traditional deterministic methods, taking into account risk and time aspects, which
increases the accuracy and predictability of management decisions.

The results of the scientific study have found their application in the activities
of construction and development companies, in particular "Expertiza-S", "Marston-
group” and "Alfa-service". Based on the author's research, a set of programs was
created to optimize the duration of work in development and construction projects.
The implementation of the developed toolkit allows to reduce project
implementation times, reduce the level of uncertainty and use resources more
efficiently. The results can serve as the basis for the formation of corporate
regulations for managing deadlines. They also open up prospects for the
development of integrated BIM modules (BIM+Time) and risk monitoring
systems. Some research results were integrated into academic disciplines, master's
theses and case simulators of the KNUBA.

Keywords: construction organization, optimal construction duration,
uncertainty of construction project characteristics, stochastic modeling of
deadlines, probabilistic forecasting methods, integration of BIM, digital and
calendar models, risk-oriented management, simulation optimization algorithms,
TRE-index.



