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1. Toxusk b-0.0. MeTtonu Ta 3aco6u iHTeJIeKTyaJIbHOrO aHaJIi3y Ta IPOrHO3YBaHHS 3aBaHTXKEHOCTI TPAHCIIOPTHUX
mepex. — Kanidikanifina HaykoBa Ipalis Ha [paBax pykomnucy. Jluceprauist Ha 3000yTTsI HAYKOBOT'O CTYIIEHS
IokTopa (pinocodii 3a crenianpHicTio 122 “Komm'iotepHi Hayky”. — HanjionansHui yHiBepcuTeT «JIbBiBCbKa
nositexHika», JIpBiB, 2026. 3micT aHoTawji. [Juceprauis Mae Ha MeTi pO3POOUTH METOIU Ta 3aCO0U
IHTeJIEKTyaJIbHOTO aHaJli3y Ta IPOrHO3yBaHHS 3aBAHTAXKEHOCTI TPAHCIIOPTHUX MEPEX Ha OCHOBI IIPOCTOPOBO-
yacoBux rpadosux HelipoHHUX mepex (STFGNN) ta TeH3opHoi anredpu. JocigkeHHs: GOKyCyeTbCsl Ha BUPiLIEHHI
Ipo6JieMHU MTPOTHO3yBaHHS TPAHCIIOPTHUX MTOTOKIB B YMOBaX reT€POT€HHOCTI aHUX, iXHbOI KPUTUYHO]
JlakyHapHoCTi (BTpaTtu 1o 50%) Ta CTOXaCTUYHOCTI ypbaHicTHIHUX npoleciB. OCOOIMBICTIO LIbOTO OCTIIPKEHHS €
opieHTalis Ha crienuQiky yKpaiHCbKOi TPAaHCIIOPTHOI iHPPaCTPYKTypH (Ha NpuUKiazi micrta JIbBiB), sika
XapaKTEPU3Y€EThCSI XaOTUYHOIO 3a0y10BOIO Ta AediluToOM NapKoMiclb. Briepie 3acTocoBaHO MifXxif, 10 BPaxoBye
He Jiille iCTOpu4Hi TpeHau TpagiKy, a i ypOaHiICTUYHY CEMAHTUKY (BEKTOPY 3€MJIEKOPUCTYBaHHS, WinbHiCTh POI)

IJ1S. MOJIeJIIOBaHHSI HaBaHTakeHb. PO3pobJieHe pillleHHs], KOTPe € pe3yJIbTaToM Liiei nucepTariii, 3adesneuye nepexip,



BiJ] pEaKTUBHOI'O MOHITOPMHIY 10 ITPOAaKTUBHOI'O YIIPABJIiHHS, il€aJbHO MiTXOIUTh 11 CTPATETIYHOTO
MiCTOOYIiBHOTO IJIaHYBaHHS Ta 3abe3eyeHHs ollepallifHol CTifKOCTi iHppacTpyKTypu B yMOBax eHepreTUIHoi
HecTabiNbHOCTI. ¥V epomy po3aii «AHaMITUYHUN OISy, JliTepaTypy» 3[iiCHEHO CUCTEMHMII aHali3 €BOJIIOLL
iHTesIeKTyalIbHUX TPAHCIIOPTHUX cUcTeM. [IpoBeieHO MOPiBHSJIBHUI aHaJIi3 METOIiB IPOTHO3YBAHHS, SIKUI1 JIOBIB
nepesary rpag0BUX HEIPOHHUX MEPEX HaJ, KJIIACUYHUMU CTATUCTUYHMMU METOJJAMU Ta PEKYPEHTHUMU MEPEKaM.
BusHnaueHo npobeMy «HEeBUAMMOI KpU3K JaHUX» (JIaKyHAPHOCTI) Ta OGIPYHTOBAaHO HEOOXiAHICTh CTBOPEHHS
aJalTMBHOI MOJIeJli, 31aTHOI BpaxOBYBaTH JIOKaJbHI (PaKTOPY YKPAiHCBKUX MiCT. Pe3ysIbTaToOM pO3Iiny €
IIOCTAaHOBKA 3371a4i CTBOPEHHS iH(POPMALIHOI TEXHOJIOTii HA OCHOBI TEH30PHOTO 3JIUTTS JAHUX. Y IPYrOMy pO31iii
«MeTonu Ta 3ac004 MOZIE/IOBAaHHS TPAHCIIOPTHUX MTOTOKIB» OOI'PYHTOBAHO BMOIp MaT€MaTUYHOrO anapary Ccynpa-
MaTpHulli CYMDKHOCTI Ta TEH30PHOI apXiTEKTypy IIPOCTOPOBO — YaCOBUX I'PadOBUX HEMPOHHUX MEPEX 3JIUTTS.
Po3po6seH0 Mozeb OLiHIOBaHHSI LOCTOBIPHOCTI TPOTHO3iB i3 BUKOPUCTAaHHIM (QYHKLIi BTpar X'1o6epa 11
ribpuIHOI CTIMKOCTI 10 aHOMaJIbHUX BUKUIB faHuX. PopmasizoBaHO KOHLEMII 0 rpada mpoCTOPOBO YaCOBOTO
3JIUTTSL, 1O [T0€JIHY€ (Pi3nyHi, JIOTiYHi Ta CEMaHTHUYHi 3B'13KY B €IMHUI TOINOJIOTIYHUI KOHTUHYYM, JO3BOJISIIOUN
CHHXPOHHO MOJIEJIIOBATH IIPOCTOPOBI Ta 4aCOBi 3aJIEXKHOCTI. Y TpeTboMy po31isi «Po3pobieHHs METOiB
iHTeJIeKTyaIbHOTO aHajli3y 3aBaHTaXXEHOCTI TPAHCIIOPTHOI MepexXi» po3pobieHo MeToH, TpaHcdopmallii
reTeporeHHUX JaHuX (TEH30pHA BEKTOPHU3allisl) Ta CTpaTerilo CTIMKOCTI 1o rozBiliHoi gerpanarii. 3arrporioHOBaHO
HOBITHi}1 METOJ, CEMaHTUYHO OPi€EHTOBAHOT'O TEH30PHOTO 3JIUTTS, SIKUAI JO03BOJIsIE BUPILIMTH IPOOJIEMY «XOJIOJHOTO
CTapTy» [AJ1S1 HOBUX PalOHIB IIJISIXOM BPaxXyBaHHS (PYHKLiIOHAJIbHOI MOAIGHOCTI TepuTopiit. ONUCaHO aJIrOPUTMU
IVHAaMiYHOTO MacKyBaHHS JIAKYHapPHOCTI, 110 326€311e4yI0Th BaJliIHiCTh TPOTHO3iB IIPY BiTMOBi 3HAYHOI YaCTUHU
ceHcopiB. Y ueTBepToMy po3fini «[1o6ynoBa apXiTeKTypu Ta anpoballisi pe3yJibTaTiB» [IpeCTaBlIeHO apXiTeKTypHe
BUpIlIEHHS] CUCTEMU HA OCHOBI «T€H30PHOTrO KOHBeepa» Ta natepHy CQRS. PesysnpraTi anpobaii nigreepaunu
3HIKEHHS cepeiHboi abCoMOTHOI MOMUIKY Ha 31.5% MopiBHAHO 3 6a30BUME MOzeIsIMU. [JoBE€HO BUCOKY
ePeKTUBHICTb CUCTEMH B yMOBAaX KDUTUYHUX 3aTOPIB Ta 34ATHICTb JO CTabiibHOI poboTH npu BTpaTi 40% BximHUX
naHux. OCHOBHI HAayKOBi pe3yJIbTaTy AUCepTaliii ony6J1ikoBaHO y 8 HAyKOBUX MpalsiX, 30KpeMa: 1 po3in
KOJIEKTUBHOI MOHOTrpadii — y BULAHHSIX, 10 iHAEKCYIOThCSI B HAYKOMETPUYHI 6a3i Scopus, 4 cTaTTi - y paxoBux
BUAHHSX YKpaiHy, a TaKOX 3 My61iKaii arnpobaliiiHoOro xapakrepy (3 Hux 2 my6:ikauii — y 36ipHUKax MaTepiasiB
MDKHapogHUX KOH(epeHLil, 1o iHaeKkcyoTbes B 6a3i Scopus, 1 - Te3u gomnosineit).

2. Dokhniak B-0O.0. Methods and tools of intellectual analysis and forecasting of the load of the transport
networks. - Qualifying scientific work manuscript. Thesis for the degree of Doctor of Philosophy in Speciality 122
"Computer Science". - Lviv Polytechnic National University, Lviv, 2026. Abstract Content. The dissertation aims to
develop methods and tools of intellectual analysis and forecasting of the load of the transport networks based on
Spatio-Temporal Fusion Graph Neural Networks (STFGNN) and tensor algebra. The research focuses on
addressing the challenges of traffic flow forecasting under conditions of data heterogeneity, critical data lacunarity
(loss of up to 50%), and the stochastic nature of urban processes. A distinctive feature of this study is its
orientation toward the specificities of Ukrainian transport infrastructure (using the city of Lviv as a case study),
characterized by chaotic urban development and a deficit of parking spaces. For the first time, an approach is
applied that incorporates not only historical traffic trends but also urban semantics (land-use vectors, POI density)
for load modeling. The resulting solution facilitates a transition from reactive monitoring to proactive
management, making it ideal for strategic urban planning and ensuring the operational resilience of infrastructure
under conditions of energy instability. In the first chapter, "Analytical Literature Review," a systemic analysis of the
evolution of Intelligent Transportation Systems (ITS) is conducted. A comparative analysis of forecasting methods
is performed, demonstrating the superiority of Graph Neural Networks over classical statistical methods and
Recurrent Neural Networks (RNNs). The "invisible data crisis" (lacunarity) is identified, justifying the need for an
adaptive model capable of accounting for the local factors of Ukrainian cities. This chapter concludes with the
problem statement for developing an information technology based on tensor data fusion. In the second chapter,
"Methods and Tools for Traffic Flow Modeling," the selection of the mathematical apparatus of the supra-adjacency
matrix and the tensor architecture of spatio-temporal fusion graph neural networks is substantiated. A model for
evaluating forecast reliability is developed using the Huber loss function for hybrid robustness against outliers. The



concept of a Spatio-Temporal Fusion Graph is formalized, uniting physical, logical, and semantic connections into
a single topological continuum, allowing for the synchronous modeling of spatial and temporal dependencies. In
the third chapter, "Development of Methods for Intelligent Analysis of Transport Network Congestion," a method
for heterogeneous data transformation (tensor vectorization) and a dual-degradation resilience strategy are
developed. A novel method of semantically oriented tensor fusion is proposed, addressing the "cold start" problem
for new districts by considering the functional similarity of territories. Dynamic lacunarity masking algorithms are
described, ensuring forecast validity even during large-scale sensor failures. In the fourth chapter, "Architectural
Design and Result Validation," an architectural solution based on a "tensor pipeline" and the CQRS pattern is
presented. Validation results confirmed a reduction in Mean Absolute Error (MAE) by 31.5% compared to baseline
models. The system’s high efficiency under critical congestion and its ability to maintain stable performance
despite a 40% loss of input data are demonstrated. The main scientific results of the dissertation have been
published in 8 papers, specially: 1 chapter in a collective monograph indexed in the Scopus scientometric database,
4 articles in specialized journals of Ukraine, and 3 conference reports (including 2 papers in international
conference proceedings indexed in Scopus and 1 represents conference abstracts).

Jep>kaBHHHM peecTpaniiiHuii Homep [iP:
IIpiopuTeTHHH HANIPSIM PO3BHTKY HayKH i TEXHIKHU: [HdopmauiiiHi Ta KoMyHiKawiiiHi TexHOIOTil

CrpareriyHu# NpiOpUTETHUI HAIIPSIM iHHOBALLiMHOI JiSJIBHOCTI: PO3BUTOK Cy4acHUX

iHpopmaLiiiHUX, KOMyHIKaLiTHUX TEXHOJIOTiA, pPOOOTOTEXHIKN
ITizcyMKH BOCIiI>KEHHS: HoBe BUpIlIEHHS aKTyaIbHOTO HAYKOBOTO 3aBIAHHS

Iyo6sikaii:

e 1. JloxHsdk b., XaBasiko B. JlocigKeHHs ciMeNl METOIB AJ1s1 TPOTHO3YBAaHHA 3arpyK€HOCTi TPaHCIIOPTHOI
mepexi. BicHuk XmenbHULIBKOTrO HallioHabHOTO yHiBepcuteTy. Cepist: TexHiuHi Hayku. 2026. N2 2 (363). C.
45-49. DOI: 10.31891,/2307-5732-2026-363-5

¢ 2. Joxusk b., XaBanko B. [IpoekTyBaHHs apxiTeKTypu iHpopmaliliHoi TexHosorii Ha ocHOBI natepHy CQRS Ta
«TEH30PHOr'0 KOHBEEPa» AJ1d iHTEJIEKTYalIbHOTO aHali3y TPaHCIOPTHUX Mepek. Hayka i TexHiKa CbOrogHi.
2026. N2 2 (56). C. 1730-1739. DOI: 10.52058 /2786-6025-2026-2(56)-1730-1739

¢ 3. Dokhniak B., Khavalko V. Graph neural networks for traffic flow prediction: innovative approaches,
practical usage, and superiority in spatio-temporal forecasting. Bichuk HaiioHapHOTO TeXHIYHOTO
yHiBepCcUTETY «XapKiBCbKUAN NOJITeXHIYHUH iHCTUTYT». Cepid: CuCTeMHNN aHaJi3, yIIpaBJliHHA Ta
indopmaniitni rexnosorii. 2025. N2 2 (14). C. 34-39. DOI: 10.20998 /2079-0023.2025.02.05

e 4. JloxHsk b.-0., XaBanko B. CTpyKTypa Ta KOMIIOHEHTH Cy4aCHOI iHT€NIEKTyaIbHOI TPaHCIIOPTHOI Mepexi / /
Hayka i Texnika cpborogni. — 2024. - N2 12 (40). - C. 1174-1185. DOI: 10.52058 /2786-6025-2024-12(40)-1174-1185

¢ 5. Dokhniak B., Khavalko V. Smart automation and Al-driven optimization in transport networks: a paradigm
shift towards sustainable and efficient mobility. CEUR Workshop Proceedings. 2025. Vol 3970: Proc. of the
2nd Intern. conf. on smart automation & robotics for future industry (SMARTINDUSTRY 2025), Lviv, Ukraine,
Apr. 3-5, 2025. P. 295-303. https://ceur-ws.org/Vol-3970 /SHORT®6.pdf

e 6. Dokhniak B. Architectural framework and constituent elements of contemporary intelligent transportation
networks leveraging artificial intelligence. Studies in Systems, Decision and Control. 2025. Vol. 602 :
Developments in information and knowledge management systems for business applications. Vol. 9. P.
137-153. DOI: 10.1007 /978-3-031-95955-4_8

HaykoBa (HayKOBO-TeXHiYHa) MPOAYKILiS: MeToxy, TeOpii, rinoresn

COI.liaJIbHO-eKOHOMi‘IHa CHpﬂMOBaHiCTb: 3a0e31e4YeHHs IPOMUCIIOBOCTI YU HaCeJIEHHS HOBUM BUJIOM

iHpopmaliiiHO-KOMYHIKaLiIIHUX [IOCJIyT



OxopoHHi gokymeHTH Ha OIIIB:

BrnpoBaakeHHS pe3yJIbTaTiB AHCEPTalii: BiposamkeHo

3B'SI30K 3 HAYKOBHMH TeMaMH: 0125U000630

VI. BizomocCTi Ipo HayKOBOr0 KEPiBHHKA /KEPiBHHUKIB (KOHCYJIbTAaHTA)

BiacHe IIpi3Buie Im'sa I1o-6aTbKOBI:
1. XaBanko Bikrop Muxainnosuy

2. Viktor M. Khavalko

KBasigikamis: . . u., gou., 05.13.06
InenTudikarop ORCID ID: 0000-0002-9585-3078

JopaTrkoBa iHpopManisi: Web of Science Researcher ID: NRX-8929-2025; Scopus Author ID: 57189326140;
https://scholar.google.com.ua/citations?user=VJjaRusAAAAJ

IloBHe HaliMeHYBaHHSI IOPHUAHUYHOI 0COOM: HaujoHanbHuil yHiBepcuTeT "JIbBiBCbKA MOTITEXHIKA"
Kopg 3a €IPIIOY: 02071010

MicueSHaxo,vieHHﬂ: ByJs1. Crenana bannepu, JIbBiB, 79013, Ykpaina

dopma BiracHOCTI: [lepxaBHa

Cdepa ynpaBiriHHS: MiHicTrepcTBo OCBiTH i HayKu YKpaiHu

InenTudikarop ROR:

VII. BizomocTi npo odilliiHUX OTIOHEHTIB Ta pelleH3€eHTiB
OdiuiiiHi OIOHEHTH
Baacue IlpizBume Im'a Ilo-6aTbKOBI:

1. bapmak Osekcangp Bosogumuposuy

2. Oleksandr V. Barmak

KBasigikanis: n.1.1., mpodecop, 05.13.06

InenTudikarop ORCID ID: 0000-0003-0739-9678

JoparkoBa iHdpopmamnist:

IloBHe HaliIMeHYBaHHS IOPUAUYHOI 0COOH: XMebHNUIBKMIA HAL[IOHAIbHUIA YHIBEPCUTET
Kopg 3a €IPIIOY: 02071234

Micueanaxo,rpkeunﬂ: ByJI. [HCTUTYTCBKA, XMEJIBHULIBKAN, XMEJIBHULILKUAN p-H., 29016, YKkpaina
dopma BracHOCTI: JlepxasHa

Cdepa yIIpaBJIiHHﬂ: MiHicTepcTBO OCBiTH 1 HayKU YKpaiHu

InenTudikarop ROR:



Baacwue IlpizBumie Im's Ilo-6aTbKOBI:
1. PapiBinosa Tamapa AHarouliiBHa

2. Tamara A. Radivilova

KBasigikamis: x. 1. 1., npodecop, 05.13.21

ImenTudikarop ORCID ID: 0000-0001-5975-0269

JoparkoBa iHdopmamist:

IloBHE HaliMEeHYBaHHS IOPUAHYHOL 0COOH: XapKiBChKUii HAliOHAILHU YHIBEPCUTET PajliOENIEKTPOHIKY
Kopg 3a €IPIIOY: 02071197

Micue3Haxoa>KeHHs: npocnekt Hayku, Xapkis, XapkiBcbkuii p-H., 61166, Ykpaina

dopma BracHOCTI: /lepxaBHa

Cdepa yIIpaBJIiHHﬂ: MiHicTepcTBO OCBiTH i HayKU YKpaiHu

InenTudikarop ROR:

Penensentu

Baacue IlpizBuuie Im's Ilo-6aTbKOBI:
1. [Tenemaxk IBan PomanoBu4

2. Ivan R. Peleshchak

KBasidikamis: n.dinocod, 124

Imentudikarop ORCID ID: 0000-0002-7481-8628

JoparkoBa iHdpopmamist:

IloBHe HaﬁMeHyBaHHﬂ IOPUIUYHOL 0C00H: HaujionanbHuii yHiBepcuteT "JIbBiBCbKa MOJTiITEXHIKA"
Kopg 3a €IPIIOY: 02071010

Micqesﬂaxon)KeHHﬂ: ByJs1. Crenana bannepu, JIbBiB, 79013, Ykpaina

dopma ByacHOCTI: Jlepxasna

Cdepa ynpaBiriHHS: MiHicTrepcTBo OCBiTH i HayKu YKpaiHu

InenTudikarop ROR:

Biacue IlpizBuuie Im's I1o-6aThKOBI:
1. Onotsaxk Opiit Bonogumuposuy

2. Yurii V. Opotiak

KBasigikamis: . . 1., gou., 05.13.06

InenTudikarop ORCID ID: 0000-0001-9889-4177

JoparkoBa iHdpopmamnis:

IloBHe HaliMeHYBaHHSI IOPHUAHUYHOI 0COOM: HaujonanbHuii yHiBepcuteT "JIbBiBCbKa MOMTITEXHIKA"
Kopg 3a €IPIIOY: 02071010

Micue3HaxoaKeHHS: ByJ. Crenana banpepu, JIbBiB, 79013, Ykpaina



dopma BiracHOCTI: JlepxasHa
Cdepa yllpaBJIiHHﬂ: MiHicTepcTBO OCBiTH 1 HayKU YKpaiHu

InenTudikarop ROR:

VIII. 3akar04Hi BimoMocTi

Biacue IpizBume Im's ITo-6aThbKOBI Marsiituyk fIpocnias MUKoaioB1y
rOJIOBH paau

BaacHe IlpizBuie Im's [10-6aTbKOBI Marsiituyk fIpocnias MuKonaioBuy

rOJIOBYIOYOrO Ha 3aCiflaHHi

BignoBigasibHuUI 32 HiATOTOBKY Bikrop MuxaitnoBud XaBasko
00JIIKOBHX JJOKYMEHTIB

PeecTpartop IOpuenko TetsiHa AHaToiiBHA

KepiBHuKk Bigginy YKpIHTEI, mpo €
BiZITIOBiZJaJIbHUM 32 PEECTpalLilo HayKoBoi IOpuenko TeTsHa AHaToiiBHA

OisIIBHOCTI




