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Haniob C. HO. Mogeai Tta Meroam MYJbTHATEHTHOIO PO3MOTILY
TPYAOBHX pecypciB B cepeloBHUILI OyAiBeJIbHUX [eBeI0NEPCbLKUX MPOEKTIB B
yMOBaX HeBM3HA4YEHOCTI. - Ksanighikayitina naykosa npays Ha npasax pyKonucy.

Huceprauis Ha 3700yTTS CTymeHs AOKTopa Quiocodii 3 ramy3i 3HaHb 19
«ApxiTekTypa Ta OyAIBHULITBOY» 3a crelianbHICTIO 192 «byniBHUIITBO Ta IUBUIbHA
1HXeHepis». - KUiBCbKkUil HalllOHAbHUN YHIBEPCUTET OYIIBHHUIITBA 1 apXITEKTYpH.
— Kwuis, 2026.

JuceprariifHe ~ JOCHIIDKEHHS  TNPHUCBSYCHE  HAyKOBO-METOJHYHOMY
OOTpYHTYBaHHIO, PO3POOJICHHIO Ta MPAaKTUYHINA TepeBipil Mojened 1 METOIIB
MYJIbTHArCHTHOTO YIPaBIiHHSA TPYAOBHMH peCypcaMH B yMOBax OyIBEIbHHX
JICBEJIONIEPChKUX TPOEKTIB 3a HEBH3HAYCHUX YMOB. PoOoTa cmpsMoBaHa Ha
CTBOPEHHS IHTEJIEKTYaIbHOI CHCTEMH YIPABIIHHS MEPCOHAIOM — SK IMiJCUCTEMHU
opranizaiii OyZiBHHIITBA B AEBEJIONEPCHKOMY MPOEKTI — KOMITOHEHTH, 34aTHOT 70
ajanTallii, caMOHaBYaHHS Ta ONTUMI3AIlli B3a€EMOAIi areHTIB 3 YypaxyBaHHSIM
JUHAMIYHMX 3MIH BHYTPIIIHROTO Ta 3O0BHIMIHBOTO cepenoBuia. Peaizaris
MIOCTaBJIEHOI METH Tependadae GOpMyBaHHS METOIUYHOIO IHCTPYMEHTApPIIO, IO
3abe3reuye MUGpPOBY IHTETPOBAHICTh, THYUYKICTH Ta IMiJBHINCHHS €(PEKTUBHOCTI
OpraHi3aIiiHO-TPYAOBHUX IPOIIECIB y OyAiBEIbHOMY JICBEJIONMEHTI HA TPHUHITUIIAX
IHHOBAIIITHOCTI Ta CTAJIOT0 PO3BUTKY.

Haeanvnicmo  npogedenns  O0ocniodcenus OOYMOBIIOETBCS — TOTPEOOIO
MOJICpHI3aIlll CUCTEM YIPABIIHHSI TPYJOBMMHU pecypcaMu B Oy/iBeNbHIN ramysi 3
ypaxyBaHHSM TPUHIUIIB MUPPOBOI EKOHOMIKM Ta Cy4aCHUX TPAKTHK
OyIIBETLHOTO JEBEJIONMEHTY. Y KOHTEKCTI MEPEeXOoAy M0 IHTEIEeKTYyalli30BaHHUX
JIEBEJIONIEPCHKUX TIPOIECIB 3pOCTAE 3HAYCHHS MYJIBTHAr€HTHUX MOJCICH, IO
3a0e3neuyoTh €(QEeKTUBHY KOOPAMHAINIO PO3MOAUTY TMpari MK YJaCHUKAMH
MPOEKTIB, 3HIDKYIOUM PIBEHb HEBHU3HAYCHOCTI Ta IMIJIBUINYIOUN MPOIYKTHBHICTS.
JI1s1 OyniBeIbHUX MIAMPUEMCTB aKTyallbHUM CTa€ BOpoBakeHHs [T-1HCTpyMeHTIB
yopaBiiHHS nepcoHanioMm y uudposi mnatdhopmu BIM, ERP ta PLM, mo

GbopMyIOTh HOBY Oprasizamiiiny apxitekrypy mnpaimi. [udpoBuil mnpamiBHuK



BUCTYNIa€ AaKTUBHUM areHToM 1H(QOpMaliiHOI B3aeMOli, HOCIEM JaHUX Ta
AQHANITUYHUM YYaCHUKOM YIPABIIHCBKUX pIIEHb. Y TAaKUX CUCTEMax 3pOCTa€
posib MGPOBOTO JiAEPCTBA, ANTOPUTMI3allll MPOILECIB 1 PO3BUTKY KOTHITHUBHOI
THYYKOCTI TiepcoHany. Ile cTBoproe yMOBM I aganTallii MigIpPUEMCTB 10 BUMOT
eHeproe(eKTUBHOT0, €KOJIOTTYHOI'O Ta TEXHOJIOTTYHO IHTETPOBAHOTO OY/IBHUIITBA.
[loenHaHHS MyIbTHAr€HTHUX MOJEIe 13 KOHUENUIE LHU(PPOBOro MpaliBHUKA
dbopmye TIATPYHTS IS TMEPEXOay BiJl 1€PAPXIYHOrO [0 JELEHTPAI30BAHOTO
ynpasiiHHg. Takuil miaxig OIABUIIYE KOHKYPEHTOCHPOMOXKHICTh 1 CTIHKICTb
JIEBEJIONIEPCHKUX CTPYKTYP Y U(PPOBOMY CEPEIOBUIIII.

YV nepwomy po3oini quceprarii MpeACTaBICHO PE3YJIbTaTH KOHIICTITYaIbHO-
TCOPETUYHUX JOCIIJKECHb, CHPSIMOBAaHUX Ha (POpMyBaHHS HAyKOBHX OCHOB
PO3POOKH MOJENICH 1 METOJIIB MYJbTHATCHTHOTO PO3IMOALTY TPYAOBUX PECYPCIB Y
cepeqoBUIIl OYyIBEIBHUX JEBEIONEPCHKUX TMPOEKTIB 3a YMOB HEBU3HAYCHOCTI.
[IpoBeneHo cucTeMHMI aHai3 PO3BUTKY MIIXOMIB JIO YIPABIIHHS MEPCOHAIOM Y
OyIIBHUIITBI, IO 3A1MCHIOBaBCS IIiJi BIUIMBOM IM(poBOi TpaHcdopmarlii Ta
nuHaMmikyd cydacHux IT-cucteM. BucsitiieHo ponb iHTerparii iHHOBAI[IWHUX Ta
mudpoBux TexHojoriii y HR-meHemxkmeHT OyaiBebHMX KOMITaHIN SIK YMHHUKA
IiBUICHHS TPOIYKTUBHOCTI, aIalITUBHOCTI Ta CTAOUTBHOCTI MPOEKTHUX KOMaHI.
Po3pobneno  TeopermuHi 3acagum  KOHIeENIi  «H(POBOTO  MpalliBHHUKA
JIEBEJIONEPCHKOT0 TMPOEKTY», IO BHUCTYNA€ AKTUBHUM areHTOM MYJIbTHAreHTHOT
B3a€EMOJIII Ta 3a0e3leuye y3ro/KEHICTh TPOIECIB IUIAHYBAaHHSA, KOOpJAWHAIlI Ta
npuitHaTT pimenp y BIM- 1 ERP-cepemoBumax. CucrtemMaTH30BaHO THIU
HEBU3HAYEHOCTI, TMpUTaMaHHI OyIBENTbHUM  JICBEJIONEPCHKUM  IMPOEKTAM,
BH3HAYEHO iX BIUIMB Ha TIOBEIIHKOBI CTpATErii areHTIB Ta opraHizamiiHi Mojemi
po3MOALTy TPyAOBUX pecypciB. OOrpyHTOBaHO HEOOXigHICTh TpaHchopmarlii
lepapXi9HUX CTPYKTYp VYIPABIIHHS TEPCOHAIOM Yy THYYKI, MepexeBi (opmu,
OpieHTOBaHI Ha IU(POBY B3aEMOJII0 Ta caMOOpraHi3aiiro. BHCBITIEHO KITIOYOBi
MPUHIMNK TU(POBOro JiAepcTBa, PO3BUTKY IHHOBAIIMHOTO TOTEHIIANy Ta
aJanTUBHOCTI K OCHOBH CTIMKOCTI MYJIbTUAr€HTHUX CHUCTEM YIPaBJIIHHS

TpyaoBuMu pecypcamu. [lokazaHo, 110 3aCTOCYBaHHSI MYJIbTHATEHTHUX MOJEIEN Y



MOEHAHHI 3 LHUQPPOBUMU TEXHOJIOTISIMU CTBOPIOE YMOBHU ISl €()EKTHUBHOT
KOOpJMHALIi 11 YYaCHUKIB MPOEKTIB, MIJBULIEHHS MPOJAYKTUBHOCTI KOMaHJ Ta
3a0€3MeUeHHs] CTPATETIYHOI CTIMKOCTI JIE€BEIIONEPCHKUX CTPYKTYp Y LHUPPOBOMY
CepeOBUIIIIL.

Jlpyeui  po3din  nucepraiiiiHoi poOOTH  MPUCBSIYEHO (HOPMYBAHHIO
METOJMYHOTO 0a3ucy JAOCHIKEHHS MoJeled 1 METOMAIB MYJIbTHAre€HTHOrO
pO3MOALTY TPYIAOBUX PECYpPCIB Yy CepeloBUIlll OYIBEIbHUX JACBEIONEPCHKUX
OPOEKTIB 332 YMOB HEBU3HAYEHOCTI. MeTtonuuHuii 6a3uc po3polOsieHo 13
3aCTOCYBaHHSIM KOMIUIEKCY YHIBEpPCATBHUX Ta CHEI[IaIbHUX METOJIB, IO
3a0€3MeuyloTh CHUCTEMHICTh Ta THYYKICTh AOCHIIDKeHHS. Jlo yHIBepcaabHUX
METO/IIB BIIHECEHO CUCTEMHUH, CTPYKTYpPHO-()YHKI[IOHAJbHUN, MOPIBHSUIbHUMA Ta
€KOHOMIKO-MaTEeMaTUUYHUM aHalli3, MOJICTIOBaHHS 1 €KCIIepTHI oIiHku. CreliaabHi
METOJM OXOILTIOIOTH MEPEKEBE MOJICITIOBAHHS, MYJIbTHAreHTHE MpPOTrpaMyBaHHS,
IU(QPOBY CUMYJIAIIIO, & TaKOX 1HCTPYMEHTH aIMIHICTPATHBHOTO MEHEIKMEHTY,
10 J03BOJIAIOTH (hOpMai3yBaTH YIPaBIIHCHKI MPOIECH JI€BEIONEPCHKOTO ITUKITY.
[HTeTpanis mux MeToiB 3a0e3meuye CTBOPEHHS €IMHOI aHAIITUYHOI TUIaThOpMH,
gKa TO€aHye UHUQPPOBI TEXHOJIOTIi, YIPaBIIHCHKI PIIIEHHS Ta MEXaHi3MHU
cTpaTeriunoi aganTaifii. Y Mexax po3aiTy OoOIPYHTOBAaHO METOJMKY OIlIHFOBAHHS
IHHOBAIIHOT CITPOMOJKHOCTI MIPUEMCTB-YIaCHUKIB OyIiBEIbHUX
JICBEJIONIEPCHKUX  TMPOEKTIB  AK KIIOUOBOTO YWMHHUKA 1X 3JaTHOCTI [0
VOpPaBIIHCHKUX ~ 3MiH.  Po3poOneHo  iHTerpailiiiHy  Molelb  MeXaHI3MiB
HapOIIyBaHHS 1HHOBAIIHOTO IMOTEHIIiATy, IO BKJIIOYAE€ TEXHOJOTIUHI, KaJIpoBi,
iHbopMarliitHi, opraHizamiiiHi, (iHaHCOBI Ta KyJIbTYpHI CKJIaI0oBi. 3Ha4YHa yBara
npuaiieHa GopMyBaHHIO MOJENel peaKTHBHOI ajanTailii areHTiB, fKi IMITYIOTb
MOBEAIHKY TPYIOBUX PECYpPCIB y 3MIHHUX yMOBaX, 3 ypaxyBaHHSM TapaMmeTpiB
HEYITKOI JIOTIKH, CIICHAPHOTO aHANI3y Ta WMOBIpHICHHX 3ayekHocTeil. Ha ocHOB1
IIUX TIOJIOKEHb CHOPMOBAHO APXITEKTYpy areHTHOI B3aeMoii, mo 3abe3meuye
THYYKICTh 1 cCaMOHaBYaHHA cucteMu. [lociimkeHo KoH]irypariro ormnepaiiiHoi
JUSTTBHOCTI JIEBEJIONEPCHKUX CTPYKTYP K 0araTropiBHEBY JUHAMIYHY CUCTEMY, SKa

IHTErpy€e JOTICTUYHI, (iHAHCOBI, 1H(QOpPMAIIIIHO-aHATITUYHI Ta TEXHOJIOTTYHI



Moxayii. Takuil miaXia J03BOJISE€ PO3MIISIAATH OIepalliiiHe CEPEeIOBUINE SIK MEPEKY
B3a€EMOJIIIOUMUX MIJICUCTEM 13 PI3HUM pPIBHEM aBTOHOMHOCTI Ta KOT€PEHTHOCTI.
®dopmanizamiss 3B’S3KiB 1 MNOTOKIB MDK MOAYJISMHU 31MCHEHA 3a JONOMOIOIO
TOIOJIOTIYHUX 1 METPUYHUX METOIB, IO JTO3BOJISIIOTH MOJEITIOBATH CTPYKTYPY Y
Burimsiai  rpapa G=(H,B) 3 omiHKOIO iHTErpoBaHOCTI dYepe3 KOeQillieHT
CTPYKTYpHOi KoOrepeHTHOCTi. Oco0iuBYy yBary MNpUIAUICHO 4YacoBid JAUHAMIII
KOH(Iryparuii, Ae 3MiHM ONEpaliiiHOi CTPYKTYpPU MOJEIIOIOTHCS Yepe3 KOHIIENT
CTpaTeTIuHO 3aJIeKHOI pekoH(iryparii, onucanoi audepeHIiaTbHUMU MOJEISIMU
nepepo3noainy pecypcis. Lle cTBoproe miArpyHTs JUisi MPOTHO3yBaHHS aJarTarlii
JI0 PUHKOBUX, TEXHOJIOT1YHUX Ta (hiHAHCOBUX 3MiH. J[OCHIIHKEHO B3a€EMO3B’SI3KU
MDK  KOH(QIrypaii€ro onepamiiHoi  JISJIbHOCTI  MIANPUEMCTBA Ta  HOro
CTpaTeriYHUMHU OpPIEHTHpPaMH, IO JO3BOJIMJIO BHU3HAYUTH ONTHMAJIbHI CIeHapil
PECYPCHOTO pO3MOAUTy. Y pe3ynbTari APYruid PO3[aidl METOAUYHO OOTpYHTYBaB
noOy/I0By IHTETPOBAaHOI MYJIBTHAr€HTHOI MOJIeJ, OpPIEHTOBAHOiI Ha HHUPPOBY
TpaHchopMallit0o  YOpaBliHHS  TPYJOBHUMH  pecypcamMd Yy  OyaiBEIbHOMY
JIEBEJIOIIMEHTI.

Tpemit po30in MUCEPTAIIHHOT POOOTH Y3araJIbHIOE Pe3yJIbTaTH PO3POOKHU
MoOZENer 1 METOMIB MYJBTHATCHTHOTO PO3IMOAUTY TPYAOBUX PECypCiB Yy
CepeoBHINl OY/IBEIBLHUX JICBEJIONEPCHKUX IMPOEKTIB, 30CEPEKYIOYM yBary Ha
iHTerparii IHTEIEeKTyaJlbHUX TEXHOJIOTIH y Tpolec MNPUUHATTS YIPaBIIHCHKUX
pimerb. Y poOOTI MOBEAEHO, IO 3a yYMOB JWHAMIYHOTO Ta HEBU3HAYEHOTO
30BHIIIHBOTO CEPEIOBUINA HAWOUIBII €()EKTUBHUM € 3aCTOCYBAaHHS TIOpUTHUX
MIIXO0MIB, SKI TOEAHYIOTh MYJbTHArCHTHE MOJCITIOBAHHSA, HEUITKY JIOTIKY,
WMOBIpHICHUW aHaNi3 1 CIEHApHE YOpaBiiHHSA. [HTerpoBaHa MoIenb J03BOJISE
MOJICTIOBATH B3a€EMOJIII0 aBTOHOMHHUX arcHTIB — MpPAIiBHUKIB, MiAPO3IUIIB Ta
U(QPOBUX CUCTEM — 3 ypaxyBaHHSAM iXHIX IHAUBINYyalTbHUX IIJICH, MOTHUBAIIIA Ta
oOMexxeHb. [lITygnuii iHTENEKT y CHCTeMi BUKOHYE POJIb AHAIITUYHOTO Spa,
3a0e3Meuyoun aJlaNTUBHE HABYAHHS areHTIB, MPOTHO3YBAaHHS CLEHAPIiB PO3BUTKY

MOA1M Ta ONTUMI3AIII0 CTPATETTUHUX YIPABIIHCHKUX PIIICHb.



OcoOnuBa yBara mnpuavieHa (OPMYBaHHIO IHTETpoBaHOi  (PYyHKIIIi
e(eKTHUBHOCTI, sIKa O0’€lHy€ OILIIHKY pPHU3UKIB, MOTHUBAalIiHI YHMHHUKUA Ta
HMoBIpHOCTI cueHapiiB. lle 3abe3neuye OanaHC MK aBTOHOMHICTIO areHTIB 1
IUTICHICTIO  YIPaBIIHCHKOI CHCTEMH, MMIJIBUIIYIOYM CTIMKICTh OYIIBEIBHUX
JIEBEJIONEPCHKUX MPOEKTIB 10 3MIH 30BHIIIHLOTO cepeaoBuia. Po3ain neMmoHcTpye
MOXJIMBOCTI ~ BUKOPUCTAHHS ~ MOJENl  JJIi  MPOTHO3YBAaHHS  PECYpPCHOTO
3a0e3MeyeHHs], MIaHyBaHHS poO0OYNX TTOTOKIB Ta MPUHHSITTS ONTUMAIBHUX PIllIEHb
y uuppoBux cepenosuiax BIM, ERP Tta PLM. Iloka3ano, mio iHTerparis
MYJIBTHATEHTHUX MOJENEH 13 IHTEeNeKTyaJbHUMHU aITrOPUTMaMH  IiABHUIIYE
OPOJAYKTUBHICTh, aJaNTUBHICTh 1 IHHOBALIMHY CHPOMOKHICTb KOMaHJ. AHai3
pe3ynbTaTiB MiATBEPIUB MPAKTUYHY MPHUIATHICTH 3aIPOMOHOBAHOT MOJENI s
yIpaBIliHHS TPYJOBUMHU PECypcaMu Ha BCIX eTanax Oy/IBEIbHOTO JEBEJIOIMEHTY.
KpiMm Toro, oOrpyHtoBaHo ii e(EeKTHUBHICTb JUIsi MIATPUMKH CTpPaTEridyHOTO
TIaHyBaHHS, onTUMIizarlii pecypcHUx MOTOKIB 1 MiBUIIICHHS
KOHKYPEHTOCIIPOMOKHOCTI MIANPUEMCTB y LH(PPOBOMY CepeloBUllll. Takum
YUHOM, TPETId PO3LI IUCEpTallii 3aBepIIye JIOTIKY JOCTIHKEHHS, JEMOHCTPYIOYH
IHTErpaIiiHui TMOTEHIial MYJIbTHAreHTHUX METOAIB 1 IITYYHOTO IHTEJIEKTy B
yIpaBIiHHI TPYIOBUMHU pecypcamMu Oy 1iBEIbHUX MTPOEKTIB.

Innosayitinoro cymuicmio PENICTaBICHOTO TOCHIKEHHS, 110 BUPI3HSIE HOTO
3HAUeHHS [JI1 HAyKd, € pO3poOKa HAYKOBO-METOJWYHOTO MIATPYHTS Ta
AHAMITUYHOTO I1HCTPYMEHTAPil0 i MYJbTHAT€HTHOTO PO3MOAUTY TPYIOBUX
pecypciB 'y cepenoBUIll OyIIBEIBHUX JICBEIONEPCHKUX IIPOEKTIB 32 YMOB
HEBU3HAYEHOCTI. 3HAYHOrO  YJOCKOHAJEHHA Hal0ylo HAayKOBO-METOJUYHE
3a0e3nedeHHs] MOOY0BU 1HTENEKTYali30BaHOI CHCTEMH YIPABIIHHSI TPYIOBUMH
pecypcamu, 37aTHOI J0 ajarTaiii, caMoopraHizamii Ta caMOHaBYaHHA Y
IUHAMIYHOMY [H(QPOBOMY cepenoBuilli. PO3BHUHEHO KOHIICTIIIO «IHU(PPOBOTO
MpaIiBHUKA JIEBEJIOTIEPCHKOTO TPOEKTY» SK AKTUBHOTO areHTa MYJIbTHAareHTHOT
B3aemonii y BIM- Tta ERP-cuctemax. BpockoHaneHO METOAMYHMI amapar
OL[IHIOBaHHS 1HHOBAI[IIHOT CIIPOMO>KHOCTI HIIIPUEMCTB-YYaCHUKIB

JIEBEJIONEPCHKUX MPOEKTIB Ta 3aMIPONOHOBAHO IHTErPAIIiHY MOJIEIb HAPOIIYBAHHS



IHHOBAIIIITHOTO TOTEHIlIANy, KA MOEHYE TEXHOJOT1UHI, KaJApOBl Ta OpraHizaiiiHi
YUHHUKHY, 3a0€3MeUy0UM MiIBUILIEHHS €EKTUBHOCTI Ta CTIMKOCTI YIPABIIHCHKUX
pIllICHb.

Haykoea Hosusna poOOTH TONATAE y CTBOPEHHI HAayKOBO-METOIWYHOTO
MIAIPYHTS Ta aHATITUYHOTO THCTPYMEHTApI0, U0 BIOCKOHAIIOE aJMIHICTPYBaHHS
TPYIAOBHUX pecypciB y OyAIBEIbHUX JIEBEIONEPCHKUX MPOEKTAX 33 YMOB HEMOBHOI
BU3HAYCHOCTI.  PO3BMHEHO  KOHIENT  «IU(PPOBOTO  TpAaIliBHUKA»  Ta
IHTENEKTyalli30BaHy CHUCTEMY YIpPaBIIHHSI pecypcamMd 3 MYJIbTHAreHTHOIO
B3aemojicto, iHTerpoany 3 BIM- 1 ERP-cucremamu. YmockoHaneHO METOAUKY
OI[IHIOBaHHS 1HHOBAIIMHOTO TMOTEHIlIATy Ta apXITEKTypy areHTHOI B3a€MOJii, 10
3abe3reuye OajdaHC MDK aBTOHOMHICTIO areHTIB 1 IUTICHICTIO CHUCTEMH,
MIBUIIYIOYH aJJalITUBHICTD 1 CTIMKICTh MPOEKTIB y IMPPOBOMY CEPEIOBUIIILI.

Bnepwe:

- c(hopMyIbOBaHO MPOBITHY KOHIENTYaIbHY ACIHIIIIO JOCITIKEHHS —
MOHSTTA «MYJbTUAT€HTHE YIPABIIHHSA TPYIOBUMH pecypcamMud B Oy/iBeNIbHIM
opraHizaiii B yMoBaX HEIMOBHOI BW3HA4YeHOCTI». JlediHilis OXOIUTIOE MPOIEeCH
KOOpJMHAIll], PO3MOALTY Ta aAalNTHUBHOTO BUKOPHUCTAHHS TPYAOBHUX PECYpPCIB 13
3aJIydeHHsAM MUGPOBUX areHTIB, 3JIaTHUX JO caMOOpraHizaiii Ta caMOHaBUYaHHSI.
JlediHimito BUKIAJIEHO TaKUM YMHOM: «MyJIbTHAareHTHE YIPaBIIHHS TPYIOBHUMHU
pecypcamu B OyJiBeNbHIM opraHizailii B yMOBax HEMOBHOI BH3HAYEHOCTI — II¢
CUCTeMa KOOpJIHMHAIlll, pPO3MOALTY Ta aJalNTHBHOTO BHUKOPWUCTAHHSA TPYAOBHX
pecypciB 13 3anmydeHHSIM HUGPOBUX areHTIB, SAKI 37aTHI JO caMooOpraHizaii Ta
camoHaB4aHHs. BoHa 3a0e3neuye GanaHc MK aBTOHOMHICTIO areHTIB 1 IUTICHICTIO
OpraHi3aiiifHOi CHCTeMH, BpaxOBYIOUM WMOBIPHICHI, CIIEHapHI Ta HEYITKI
gyuHHUKA. [loHATTS ¢dopmanizye MyJIbTHAreHTHY B3a€EMOJII0 Yy CEPeIOBHUIII
JICBEJIONIEPCHKUX TMPOEKTIB, MIJBHUINYE CTIHKICTh 1 €(QEKTUBHICTh YIPABIIHHSI
pecypcaMu Ta CJIYI'ye HAyKOBOIO OCHOBOIO JJISi PO3BUTKY LHM(PPOBUX Mojenei

MJIaHYBAHHSI Ta YNPABIIHHS TPYIOBUM MOTEHI1AIOM.



Yoockonaneno:

- HAyKoB8O-MemoOUWYHI ma aHaiimu4ui nioxoou @GopmysanHs Mmooeii
VNPAGNIHHA MPYOOBUMU DeCcypCcamu 8 YMOB8AX HeBUSHAYeHocmi 6 0)0igenbHill
opeanizayii, Ika € BUKOHABLIEM OYJIIBEJILHOTO JIEBEJIONEPCHKOT0 MPOEKTY. Moenb
periaMeHntye Ail OyIIBEIbHOIO IMIANPUEMCTBA 32 HACTYIHUM aJTOPUTMOM:
CHepIly 3IIHCHIOEThCS aHami3 moTped y TPYAOBUX pecypcax Ta MPOTHO3YBaHHS
iXHBOI JUHAMIKY 3 ypaxXyBaHHSIM HEBU3HAUYC€HOCT1, (HOPMYIOThCS IUGPOBI Tpodiii
«TpalIBHUKIB-ar€HTIB» 13 XapaKTEPUCTHUKAMU KOMIETEHI[IH, MPOJYKTUBHOCTI Ta
agantuBHOCTi. Jlami BinOyBa€eThCs MyJIbTUAr€HTHE TMPU3HAYECHHS 3aBJaHb 13
ypaxyBaHHSIM aBTOHOMHOCTI areHTiB, KOMaHIHOi B3aEMOJii Ta pPECypCHOTO
OaJiaHCy, 3aCTOCOBYIOTHCSI METOIM HEYITKOT JIOT1KH, HMOBIPHICHOTO Ta CIIEHAPHOT'O
aHamizy. Y mpolieci BUKOHAHHS pOOIT 31HCHIOETHCSI MOHITOPUHI Ta JHWHaMIYHA
ajanTailisi pecypciB, BKIIOYHO 3 PEKOHQIrypaliero ornepaniiHoi JisIbHOCTI,
IHTErpaIfi€l0  TEeXHOJIOTIYHUX, KaJpOBUX Ta OpradizamiiHux ¢akTopiB i
HiATPUMAHHAM TU(PPOBOI KOTepeHTHOCTI CTPYKTYp. OILIHIOEThCS e(PEKTUBHICTH
yIpaBIiHHS Ta PU3HKH, 3a0€3MeuyeTbcs CaMOOopraHizalis Ta CaMOHAaBYAHHS
areHTIB JJI1 TIABUIIECHHS NPOJYKTUBHOCTI Ta I1HHOBAI[IMHOTO IOTEHIIiANTY.
Hamnpukiaii mpoBOAUTHCS 3BOPOTHHUM 3B’S30K Ta IOCTIPOEKTHUM aHaNI3, IO
JI03BOJISI€  yIOCKOHAIIOBATH METOJIOJIOTII0 PO3IMOALTY PEeCcypciB 1 MiJBHUIIYBaTH
CTIHKICTB OpraHizallii B Iu(poBOMY CepeIOBHIILL;

- apximekmypy a2eHmHOI 83A€EMOO0Il, AKA B8PAX08YE  HeUImKICmb,
UMOGIpHOCIMI mMa CYEeHapHICMb NOGediHKU mpyoosux pecypcie. BaockoHaIeHo
MOJIENIb CTPATEriyHO 3aJeKHOi peKoHiryparlii onepariiiHoi AisSIBHOCTI Ta
U(POBOT KOTEPEHTHOCTI OpTaHi3alliiHUX CTPYKTYp [JIsi MPOTHO3YBaHHS 3MIiH
pecypcHOTO 6anaHCy; METOAUKO-TIPUKIIAHUIN amapaTt OIIHIOBAaHHS 1IHHOBAIIMHOTO
MOTEHITIATY IMiIMPUEMCTB-YIaCHUKIB TIPOEKTIB Yepe3 MO0y 0By Ta OOTPYHTYBaHHS
IHTETpaIiiHOi MOJIeNi HapOIIyBaHHS IHHOBAIIMHOTO TOTEHINANy, M0 TMOEIHYE
TEXHOJIOT14YH1, KaJpoBl Ta OpraHi3alliiiHl YUHHUKU, MMIABUIIYIOYH aJalTUBHICTh Ta

€()EeKTUBHICTh YIPABIIHCHKUX PIIICHb.



OpnepxaB nogaabIIMi PO3BUTOK:

- RiOXi0 00 BUKOPUCMAHHA  KOHYenmy  «yugposoco  npayieHUKa
0e6elonepcvbKoeo NpPoekmy» K aKTHBHOTO areHTa MYJIbTHAreHTHOI B3a€MOJIl B
BIM- ta ERP-cucremax y nporieci aamiHiCTpyBaHHs OyaiBenbHUM IpoekToM. Lle
J03BOJIIE 3a0€3MEYUTH KOTE€PEHTHICTh MPOLECIB IUIAHYBAaHHS, KOOpAMHAILl Ta
MPUHHATTS PIICHb Y KOMIUICKCHUX JICBEJIONEPCHKUX TMPOEKTAX

- MemoOuKo-AHANIMUYHUL  ni0Xi0 WO000 BUAGIEHH mad NPOMuUoii
BIOXUJICHHAM 8 IHMe2po8aHOM)y CMAHI MPYOOBUX DeCcypCi8 KOMNAHIi-8UKOHABYS
oegenonepcvkoco npoekmy. I1inXin 103BOJISE OIIHIOBATH CTaH YIPABIIHCHKOTO Ta
poboUoro mepcoHany y AWHAMIYHINA B3a€MOJIii areHTIB Ta MPOTHO3YBaTH BIUIMB
IUX BiIXWJEHb Ha €(QEeKTHUBHICTh BHKOHAHHS OynaiBelIbHOTO mpoekTy. I[liaxina
BU3HAYAE 3MICT 1 COIPSAMYBaHHS KOMIUIEKCY 3aX0A1B OYy/IBEIBHOTO MiANPUEMCTBA 3
aJMIHICTPYBaHHS TPYJAOBUMH PECypCaMH, BKIIOUAIOUYN MOHITOPHHI 3aBaHTaKCHHS
IpaIiBHUKIB, KOPUTYBAHHS PO3MOJIUTY pOOOYHMX MOTOKIB Ta CBOEYACHY aJIamTalllio
cTpaterii areHrtiB. Jlo cKiIamy 3axojiB BKJIIOUYEHO MEXaHI3MU pPaHHBOTO
MOTIEPE/DKCHHST  BIAXWICHh 1 3a0e3NedyeHHs Y3TO/DKEHOCTI Ji MDK yciMma
mijicicTeMaMu OpraHi3alliifHOl CTPYKTYpH IIOA0 NepcoHainy. BpaxoBaHo clieHapHY
HMOBIpHICHY OIIIHKY PU3HKIB, 110 BUHUKAIOTH Yy IMpolleci KoopauHaIlii podounx i
YIOPaBIIHCBKUX pecypciB. IHTerparis HMUX MiAXOMIB TMIABUILYE aalTUBHICTD,
CaMOHABYaHHSI Ta CTIMKICTh CHCTEMHU YIIPaBIiHHS TPYIOBHUMH pecypcamMud B
yMOBaxX HEBHU3HAUYCHOCTI. Peasizaliisi 3arpormoHOBaHUX 3aX0/1B 3a0e3reuye OanaHc
MDK aBTOHOMHICTIO areHTIB Ta IIUTICHICTIO ONepaIlifHoOi JISJIbHOCTI KOMIIaHIi,

- HAayKOBO-METOUYHHI MIX10 bie} OpPOTHIIl  pU3UKaAM y
MYJIBTUAT€HTHOMY PO3TOJLII TPYAOBUX PECYpPCIB OYIIBEIbHUX JE€BEIOMEPCHKUX
MPOEKTIB 4Yepe3 KOMIUIEKCHY OIlIHKY €(EeKTUBHOCTI Ta TOTCHIIMHUX PHU3HKIB
VOpPaBIIHHS pecypcamMu. 3acTOCyBaHHS 1HTETrpoBaHOi (yHKII e(peKTUBHOCTI
J103BOJIsI€ OAJTAaHCYBaTH aBTOHOMHICTh areHTIB 1 IUTICHICTh CHCTEMH, ITIIBUIIYIOYN
CTaOUTBHICTh omepalliii. BUKOpUCTOBYETHCSI MPOTHO3YBaHHS PU3UKIB, TOB’SI3aHUX
13 HecTauer abo0 HaIMIIKOM TPYAOBHX PECYpCiB, IO J1a€ 3MOTy CBOEYACHO

KOPUTYBaTH PO3MOJAUI areHTIB. AHaJi3 CUEHApPIiB PI3HUX YMOB MPOEKTY MiJIBUIILYE



HOro CTIMKICTh 1 QJaNTUBHICTb, IHTErPYIOUM TEXHOJIOTIYHI, KaJpoBl Ta
OopraHizaiiiHi YUHHUKHU Ta MOCWIIOIYM 3/IaTHICTh CUCTEMH J0 CAaMOHABYaHHS 1

caMooprasizallii B yMoBaxX HEBU3HAYEHOCTI;

- TIOpUIHMM MiAXiT y MOJEIIOBaHHI npoyecie opeanizayii OyodieHuymea ma
AOMIHICMPYBAHHA ~ YUKIOM  0€BelONepcbkoco  Npoekmy, 1o 00’ €qHye
MYJIbTUAr€HTHE MOJENIOBAHHSA, HEUITKY JIOTIKY, MMOBIpPHICHMI Ta CHEHapHHIi
aHami3z. CTBOpPEHO IHTErpoBaHy (YHKIII0O €(QEeKTUBHOCTI YIpaBIIHHA, sKa
3abe3reuye OajlaHC MDK aBTOHOMHICTIO areHTIB 1 IUTICHICTIO CHCTEMH,
MiJBUIIYIOYH CTIAKICTH Ta aJIalITUBHICTh J€BEJIONEPCHKUX MPOEKTIB Y MUPPOBOMY
CepeOBUIIIL.

Pe3ynbratii HayKOBOTO JOCIIDKCHHS 3HAWIUIM CBOE 3aCTOCYBaHHSI B
JSTBHOCTI OymiBeNbHUX Ta JeBenonepchkux kommaHii TOB «ApxiTekTypHO-
OyniBenbHi HoBalii», TOB «®omanerayr-Ilomiminy  Ta TOB «VYkpaincbka
akajgemis 1HBECTHIIIH B HayKy 1 OyIIBHUIITBO». 3alponOHOBaHI MOJei
MYJIBTUAr€HTHOTO PO3MOAULY TPYAOBUX PECYpPCIB JO3BOJIMIMA  ONTHUMI3yBaTH
3aBaHTAXKEHHS TEpCOHaTy, IPOTHO3YyBaTU CIIEHApli 3MIH y BHUPOOHUYOMY
CepEeOBUII Ta IMIJBHUINYBAaTH MPOAYKTUBHICTH Ipalll B yMOBaX HEBU3HAYCHOCTI.
Oxpemi pesynbTaT poOotu iHTerpoBaHi B ocBiTHiIA mporec KHYBA mig wac
IiATOTOBKKM OakajiaBpiB 1 MaricTpiB 3a cremianbHICTIO 192 «bymiBHUIITBO Ta
IIUBUIbHA 1HXEHEPis». Pe3ynbraru, npeacrtasieHi B po0oTi, Oyau anpoOoBaHi Mpu
BUKOHAHHI HaykoBo-mocaimaux pobit B KHYBA (Ne0124U005196) ta Axaaemii
oyniBaunTBa Ykpaiau (Ne7AB/MOB-11.23, cekmiss «MeHEIKMEHT 1HHOBAIlIH Ta
oprasizaiiis OyITiBHUIITBAY).
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ABSTRACT

Danilov S.Yu. Models and methods of multi-agent distribution of labor
resources in the environment of construction development projects under
conditions of uncertainty. - Qualification scientific work in the form of a
manuscript.

Dissertation for the degree of Doctor of Philosophy in the field of
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and Civil Engineering”. - Kyiv National University of Construction and
Architecture. - Kyiv, 2025.

The dissertation research is devoted to the scientific and methodological
substantiation, development and practical verification of models and methods of
multi-agent labor resource management in construction development projects
under uncertain conditions. The work is aimed at creating an intelligent personnel
management system - as a subsystem of construction organization in a
development project - a component capable of adaptation, self-learning and
optimization of agent interaction taking into account dynamic changes in the
internal and external environment. The implementation of the set goal involves the
formation of methodological tools that ensure digital integration, flexibility and
increased efficiency of organizational and labor processes in construction
development on the principles of innovation and sustainable development.

The urgency of conducting the research is due to the need to modernize labor
resource management systems in the construction industry taking into account the
principles of the digital economy and modern practices of construction
development. In the context of the transition to intellectualized development
processes, the importance of multi-agent models is increasing, ensuring effective
coordination of the division of labor between project participants, reducing the
level of uncertainty and increasing productivity. For construction companies, the
implementation of IT personnel management tools in digital BIM, ERP and PLM
platforms, which form a new organizational architecture of work, is becoming

relevant. The digital worker acts as an active agent of information interaction, a



data carrier and an analytical participant in management decisions. In such
systems, the role of digital leadership, algorithmization of processes and the
development of cognitive flexibility of personnel is increasing. This creates
conditions for adapting enterprises to the requirements of energy-efficient,
environmentally friendly and technologically integrated construction.. This
approach increases the competitiveness and sustainability of development
structures in the digital environment.

The first section of the dissertation presents the results of conceptual and
theoretical research aimed at forming the scientific foundations for the
development of models and methods for multi-agent distribution of labor resources
in the environment of construction development projects under conditions of
uncertainty. A systematic analysis of the development of approaches to personnel
management in construction, which was carried out under the influence of digital
transformation and the dynamics of modern IT systems, was conducted. The role
of integrating innovative and digital technologies in the HR management of
construction companies as a factor in increasing the productivity, adaptability and
stability of project teams was highlighted. The theoretical foundations of the
concept of a “digital employee of a development project” were developed, which
acts as an active agent of multi-agent interaction and ensures the consistency of
planning, coordination and decision-making processes in BIM and ERP
environments. The types of uncertainty inherent in construction development
projects were systematized, their impact on the behavioral strategies of agents and
organizational models of labor resource distribution were determined. The need to
transform hierarchical personnel management structures into flexible, networked
forms focused on digital interaction and self-organization is substantiated. The key
principles of digital leadership, development of innovative potential and
adaptability as the basis for the sustainability of multi-agent labor management
systems are highlighted. It is shown that the use of multi-agent models in

combination with digital technologies creates conditions for effective coordination



of project participants' actions, increasing team productivity and ensuring strategic
sustainability of development structures in the digital environment.

The second section of the dissertation is devoted to the formation of a
methodological basis for the study of models and methods of multi-agent
distribution of labor resources in the environment of construction development
projects under conditions of uncertainty. The methodological basis was developed
using a complex of universal and special methods that ensure the systematicity and
flexibility of the study. Universal methods include systemic, structural-functional,
comparative and economic-mathematical analysis, modeling and expert
assessments.  Special methods include network modeling, multi-agent
programming, digital simulation, as well as administrative management tools that
allow formalizing the management processes of the development cycle. The
integration of these methods ensures the creation of a single analytical platform
that combines digital technologies, management solutions and mechanisms of
strategic adaptation. The section substantiates the methodology for assessing the
innovative capacity of enterprises participating in construction development
projects as a key factor in their ability to make managerial changes. An integration
model of mechanisms for increasing innovative potential has been developed,
which includes technological, personnel, information, organizational, financial and
cultural components. Considerable attention has been paid to the formation of
models of reactive adaptation of agents that simulate the behavior of labor
resources in changing conditions, taking into account the parameters of fuzzy
logic, scenario analysis and probabilistic dependencies. Based on these provisions,
an architecture of agent interaction has been formed, which ensures flexibility and
self-learning of the system. The configuration of the operational activities of
development structures has been studied as a multi-level dynamic system that
integrates logistical, financial, information-analytical and technological modules.
This approach allows us to consider the operational environment as a network of
interacting subsystems with different levels of autonomy and coherence. The

formalization of connections and flows between modules has been carried out



using topological and metric methods, which allow us to model the structure in the
form of a graph G=(H,B) with an assessment of integration through the structural
coherence coefficient. Particular attention is paid to the temporal dynamics of the
configuration, where changes in the operational structure are modeled through the
concept of strategically dependent reconfiguration, described by differential
models of resource redistribution. This creates a basis for predicting adaptations to
market, technological and financial changes. The interrelationships between the
configuration of the enterprise's operational activities and its strategic guidelines
are investigated, which allowed us to determine optimal resource allocation
scenarios. As a result, the second section methodically substantiated the
construction of an integrated multi-agent model focused on the digital
transformation of labor resource management in construction development.

The third, final, section of the dissertation summarizes the results of the
development of models and methods for multi-agent labor resource allocation in
the environment of construction development projects, focusing on the integration
of intelligent technologies into the process of making managerial decisions. The
work proves that in a dynamic and uncertain external environment, the most
effective is the use of hybrid approaches that combine multi-agent modeling, fuzzy
logic, probabilistic analysis and scenario management. The integrated model
allows you to model the interaction of autonomous agents - employees,
departments and digital systems - taking into account their individual goals,
motivations and limitations. Artificial intelligence in the system plays the role of an
analytical core, providing adaptive training of agents, forecasting scenarios of
events and optimizing strategic managerial decisions.

Special attention is paid to the formation of an integrated efficiency function
that combines risk assessment, motivational factors and scenario probabilities. This
provides a balance between agent autonomy and the integrity of the management
system, increasing the resilience of construction development projects to changes
in the external environment. The section demonstrates the possibilities of using the

model for forecasting resource provision, planning workflows and making optimal



decisions in digital environments BIM, ERP and PLM. It is shown that the
integration of multi-agent models with intelligent algorithms increases the
productivity, adaptability and innovative capacity of teams. The analysis of the
results confirmed the practical suitability of the proposed model for managing
labor resources at all stages of construction development. In addition, its
effectiveness for supporting strategic planning, optimizing resource flows and
increasing the competitiveness of enterprises in the digital environment is
substantiated. Thus, the third section of the dissertation completes the logic of the
study, demonstrating the integration potential of multi-agent methods and artificial
intelligence in managing labor resources of construction projects.

The innovative essence of the presented research, which distinguishes its
significance for science, is the development of a scientific and methodological
basis and analytical tools for multi-agent distribution of labor resources in the
environment of construction development projects under conditions of uncertainty.
The scientific and methodological support for building an intellectualized labor
resource management system capable of adaptation, self-organization and self-
learning in a dynamic digital environment has been significantly improved. The
concept of a “digital employee of a development project” has been developed as an
active agent of multi-agent interaction in BIM and ERP systems. The
methodological apparatus for assessing the innovative capacity of enterprises
participating in development projects has been improved and an integration model
for increasing innovative potential has been proposed, which combines
technological, personnel and organizational factors, ensuring increased efficiency
and sustainability of management decisions.

The scientific novelty of the work lies in the creation of a scientific and
methodological basis and analytical tools that improve the administration of labor
resources in construction development projects under conditions of incomplete
certainty. The concept of a "digital worker" and an intellectualized resource
management system with multi-agent interaction, integrated with BIM and ERP

systems, have been developed. The methodology for assessing innovative potential



and the architecture of agent interaction have been improved, which ensures a
balance between agent autonomy and system integrity, increasing the adaptability
and sustainability of projects in a digital environment.

For the first time:

- the leading conceptual definition of the study is formulated - the concept of
"multi-agent management of labor resources in a construction organization under
conditions of incomplete certainty”. The definition covers the processes of
coordination, distribution and adaptive use of labor resources with the involvement
of digital agents capable of self-organization and self-learning. The definition is
stated as follows: "Multi-agent management of labor resources in a construction
organization under conditions of incomplete certainty is a system of coordination,
distribution and adaptive use of labor resources with the involvement of digital
agents capable of self-organization and self-learning. It provides a balance between
the autonomy of agents and the integrity of the organizational system, taking into
account probabilistic, scenario and fuzzy factors. The concept formalizes multi-
agent interaction in the environment of development projects, increases the
stability and efficiency of resource management and serves as a scientific basis for
the development of digital models of planning and management of labor potential”.

Improved:

- scientific, methodological and analytical approaches to the formation of a
model of labor resource management under conditions of uncertainty in a
construction organization that is the executor of a construction development
project. The model regulates the actions of a construction enterprise according to
the following algorithm: first, an analysis of labor resource needs and forecasting
their dynamics is carried out, taking into account uncertainty, digital profiles of
“agent workers” are formed with the characteristics of competencies, productivity
and adaptability. Next, multi-agent task assignment takes place, taking into account
the autonomy of agents, team interaction and resource balance, fuzzy logic,
probabilistic and scenario analysis methods are used. In the process of performing

work, monitoring and dynamic adaptation of resources is carried out, including the



reconfiguration of operational activities, the integration of technological, personnel
and organizational factors and maintaining the digital coherence of structures.
Management efficiency and risks are assessed, self-organization and self-learning
of agents are ensured to increase productivity and innovative potential. At the end,
feedback and post-project analysis are carried out, which allows improving the
resource allocation methodology and increasing the organization's resilience in the
digital environment;

- the architecture of agent interaction, which takes into account the fuzziness,
probabilities and scenario behavior of labor resources. The model of strategically
dependent reconfiguration of operational activities and digital coherence of
organizational structures for predicting changes in the resource balance has been
improved; methodological and applied apparatus for assessing the innovative
potential of enterprises participating in projects through the construction and
substantiation of an integration model of increasing innovative potential, which
combines technological, personnel and organizational factors, increasing the
adaptability and effectiveness of management decisions.

Further development has been made:

- an approach to using the concept of a "digital employee of a
development project” as an active agent of multi-agent interaction in BIM and ERP
systems in the process of administering a construction project. This allows to
ensure coherence of planning, coordination and decision-making processes in
complex development projects;

- methodological and analytical approach to identifying and counteracting
deviations in the integrated state of labor resources of the company-executor of the
development project. The approach allows to assess the state of managerial and
working personnel in the dynamic interaction of agents and to predict the impact of
these deviations on the efficiency of the construction project. The approach
determines the content and direction of the complex of measures of the
construction enterprise for the administration of labor resources, including

monitoring of employee workload, adjustment of the distribution of work flows



and timely adaptation of agent strategies. The measures include mechanisms for
early warning of deviations and ensuring consistency of actions between all
subsystems of the organizational structure regarding personnel. Scenario-
probabilistic risk assessment of the coordination of labor and management
resources increases the adaptability, self-learning, and stability of their
management system in conditions of uncertainty, ensuring a balance between the
autonomy of agents and the integrity of the company's operational activities;

- ascientific and methodological approach to countering risks in the multi-
agent distribution of labor resources of construction development projects through
a comprehensive assessment of the efficiency and potential risks of resource
management. The use of an integrated efficiency function allows balancing the
autonomy of agents and the integrity of the system, increasing the stability of
operations. Forecasting of risks associated with a shortage or excess of labor
resources is used, which allows for timely adjustment of the distribution of agents.
In addition, the analysis of scenarios of various project conditions ensures its
increased stability and adaptability. This approach integrates technological,
personnel and organizational factors, strengthening the system's ability to self-learn
and self-organize in conditions of uncertainty;

- a hybrid approach to modeling the processes of organizing construction
and administering the development project cycle, which combines multi-agent
modeling, fuzzy logic, probabilistic and scenario analysis. An integrated
management efficiency function has been created, which provides a balance
between agent autonomy and system integrity, increasing the stability and
adaptability of development projects in a digital environment.

The results of the scientific research have found their application in the
activities of construction and development companies LLC "Architectural and
construction innovations”, LLC "Fomalhaut-Polimin" and LLC "Ukrainian
Academy of Investments in Science and Construction":: the proposed models of

multi-agent distribution of labor resources allowed to optimize personnel



workload, predict scenarios of changes in the production environment and increase
labor productivity in conditions of uncertainty. Some r
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