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1. CuctyH Cepriit Osnerosud. Metonu Ta 3aco6y AMHAMIYHOTO 300pY Bi3yasbHUX NAHUX PO NedeKTU 00 EKTIB
BiTpoeHepretuku. - KeasigikauiliHa HaykoBa Ipals Ha IIpaBax pyKonucy. Jlucepraliis Ha 3000y TTs CTYIIEHs
IokTopa (pinocoii 3 ranmysi 3Hanb 12 Indopmauiiini TexHoOrIl 3a crenjanbHicTo 123 KoMIT'loTepHa iH)XeHepist. -
XMeIbHALIBbKUI HalliOHAJIbHUN YHIBEpCUTET, XMeNIbHULIBKUHN. 2025. AKTyanbHOIO 3a71a4elo € MigBUIIeHHS
HaJiltHOCTi Ta €KOHOMIYHOI e(PeKTUBHOCTI BiTpOEHEPreTUKY 3aBJIIK1 aBTOMATU3allil Orjisy TypOiH 3a OIIOMOro0
BITJIA. IncepTalist npucBsiYeHa po3poolli METOLIB i 3aC00iB, 110 3a6€3eUyIOTh LIUKII «3JIiT - 36ip 300pakKeHb -
aHaJli3 - peKOMeHallii», 3BMEHIIYIOYM PY4Hi onepauii Ta NiABUILYI0YM TOYHICTb BUSBJIEHHS AE(EKTIB. Y BCTYII
OOIPYHTOBAHO, 110 PyYHUI1 OTJIs1], TypPOiHYM TPYBAE [IOHAT, YOTUPU FOJIMHY, HE OXOILJIIOE BCiX KDUTUYHUX 30H Ta
Hebe3NevyHU 17151 IepCoHay. AHai3 my6Jlikaliil I0Ka3as BifICyTHICTb €AMHOrO PillleHHs], 10 iHTerpye MJ1aHyBaHHs
[I0JIbOTY, MyJIbTUCIIEKTPAJIbHUM 30ip AaHUX i KiJIbKiCHY OLIIHKY pU3KKiB. [IpOBEAEeHO OrJIsil METOLiB MOHITOPUHTY
BITPOBMX yCTAHOBOK: IIOPiBHSIHO MOHA[], TPUILUSATH M1aTGOPM 100 MBUIKOZII, EHEProCNOXUBAHHS Ta TOYHOCTI.

BusBneHo, 110 HalKkpali KOMIJIEKCH CKOPOYYIOTh OIJISIA, JIMIIIE JO COPOKa XBUJIMH i 0OME>KEeHO IPalIoI0Th i3



TernsoBUMHU 3HIMKamMu. CHOpMYyIbOBAHO BUMOTH /10 CUCTEMU: aBTOHOMHICTB, iHTerpallis CIEKTpaJbHUX Aiana3oHiB,
aJanTHUBHICTh 1O aePOAMHAMIYHUX YMOB, MaTeMaTUYHa MpiopuTHaauis gedekris. O6'eKT OOCTiIKeHHs - IPoLecU
300Dy, po3mizHaBaHHs 1 00poOKU 306pakeHb 3 BI1JIA s BUsIBIEeHHS e(eKTiB 00’eKTiB BiTPOBOi €HEPreTUKHY.
[IpenMeT JOCTiIKEHHS - METOAM Ta 3ac00U 1171 360py, PO3Mi3HaBaHHs 11 06poOKU 306pakeHs i3 BITJIA. MeTa -
NOKpalleHHs ePEeKTUBHOCTI 300pY, TOYHOCTI pO3Ii3HAaBaHHS Il 06PO6IEHHS 300paKEHb 117151 BUSIBJIEHHS 1€ PEKTIiB
00'€KTiB BITPOBOi eHepreTyku. [ JOCArHEeHHs. MeTU CPOPMYJIbOBAHO CiM 3aBlaHb, 110 OXOIIIOIOTh aHaJIi3
JliTepaTypH, apXiTeKTypy, PO3pOOKY CIeliaTbHUX METOMiB Ta iXHIO iHTerpallilo y eAuHy cucrteMmy. HaykoBa HOBU3HA
pe3yJsbTariB: 1. po3po6J1€HO HOBY apXiTEKTypy KibepdisudHoi crucTeMH, s1Ka NOeIHY€E aflaliTUBHE IJIaHYBaHHS
nosnboTy BITJIA, MyZbTUCTIEKTpAIbHUN 36ip JaHuX, xMapHo-TiepudepiliHe 06pobieHHs aHCcaMbyieM HelipoMepex Ta
HeyviTKe OLIiHIOBaHHS PU3KKiB Ae(EKTIB, 0 3abe3euye aBTOHOMHICTb LIMKIIY OIJISILY; 2. PO3POOJIEHO METO],
MOHITOPUHTY, 110 BpaXOBy€ TPUBUMIPHY F€OMETPIIO JIONATEN Ta BITPOBI HABAHTAXKEHHS, aJIalTy€e TPAEKTOPIi,
3MEHIIye €HEPTOBUTPATH I10JIbOTY T PU3MK NPOIYCKY AePEKTiB; 3. pO3p06IEHO METO]], KOMITO3ULIii
MYJIbTUCIIEKTPAJIbHUX 300PaKEHD 3 YPaxyBaHHSM BaroBux Koe@illieHTiB Ta IPOCTOPOBUX BUKPUBJIEHb, MTiABULLYIOUN
KOHTPACTHICTb, JeTasisalio 1edeKTiB Ta 3HUKYIOUM KiJIbKiCTh XMOHUX CIPALlbOBYBaHb; 4. yIIepIIE CTBOPEHO METO],
OLIiHIOBaHHSI KPUTUYHOCTI A€(EKTIB HA OCHOBI HEUITKMX MHOXXMH, 110 BPAXOBY€ €KCIIePTHi 3HaHHS 1 (Pi3n4Hi
napametpu BEY Ta npioputusye peMOHTHI po6OTH, [TOKpallyiour 6€31eKy Ta eKOHOMIuYHy edeKTUBHICTb. HaykoBa
HOBHM3HA JYCEPTallii 10JIsira€ B CTBOPEHHI LIiJIiICHOI METOZ0JIOTI], 110 BIeplIe [oegHaa afallTUBHUNA MAPLUIPYT
00J1bOTY, MYJIbTUCIIEKTPAJIbHY iHTErpallilo 3HIMKIB Ta KiJIbKiCHY OL[iHKY PU3UKY B OGHOMY aBTOMAaTU30BaHOMY LIVIKJIi.
3anponoHOBaHO HOBUI NPUHLMII 3JIUTTS TEIUVIOBUX i BUAMMUX 300paKEHb, @ TAKOXK HOBUI CIIOCI6 paH>KyBaHHS
nedeKTiB 3a CTyIeHEM HeOe3MeKH, MiATBePIKEHN €KCIIEPTHUMU OLIiHKaMU Ta TI0JIbOBUMU €KCIIEPUMEHTAMMU.
[IpakTUyHe 3HaUYEHHS OJlepKaHUX Pe3yJbTaTiB MiATBEPIKEHO J1abOpaTOPHMMU BUNIPOOYyBaHHSIMU. CcTeMa
3abesneuynsa JecsITUKpaTHE CKOPOUEHHS 4acy OIJIsiAy Ta MiBUILINIIA TEXHIYHY TOTOBHICTb BiTpONapKy Ha 4,3%.
Po3pobseny kibepdizuyHy crucTemMy BIPOBAIKEHO Ha YKPAiHChKOMY HiANpHEMCTBI Ta iHTErpoOBaHO B HaBYaJIbHUI
npoliec XMeJIbHUIBKOTO HallioHAJIbHOT'O YHIBEPCUTETY, 1€ BiH BUKOPUCTOBYETHCS [1J1s1 MiIrOTOBKYU (axiBLIiB 3
eKCIulyaTalii ApoHiB Ta aHasi3y faHux. CTPyKTypa pobOTH CKJIAA€ThCs 3 aHOTAllii, IepeJliKy CKOPO4€Hb, BCTYILY,
YOTUPbOX PO3[iJiB, BUCHOBKIB, CIIUCKY JliTepaTypU Ta JOJATKIB, 3arajibHUM 00CSITOM 224 CTOPiHOK IPYKOBaHOTO
TEKCTY, 110 MiCTSITb 37 PUCYHKIB Ta 38 TabsuLb. OCHOBHI pe3yJbTaTy OINy6JiKOBaHO Y BOCbMU HAayYKOBHUX IpalsX,
IIOMDX SIKUX [IBi CTaTTi Y BUAAHHSIX, 10 iHAEKCYIOThCSI MiPKHApOAHUMHU HayKOMETPUYHUMU 6a3amu Scopus,/Web of
Science, Ta oJiHe CBiIOLTBO PO PEECTPALLiI0 KOMITIOTEPHOI TPOrPaMU.

2. Serhii Olehovych Svystun. Methods and tools for dynamic visual data collection on defects of wind energy
objects. - Qualification scientific work in manuscript form. Dissertation for obtaining the Doctor of Philosophy
degree in the field of knowledge 12 Information Technologies, specialty 123 Computer Engineering. - Khmelnytskyi
National University, Khmelnytskyi, 2025. An urgent scientific and practical task is improving reliability and
economic efficiency in wind energy by automating turbine inspections using UAVs. This dissertation focuses on
developing methods and tools that ensure the complete autonomous cycle &quot;takeoff - image collection -
analysis - recommendations,&quot; reducing manual operations and enhancing defect detection accuracy. The
introduction substantiates that manual turbine inspection takes over four hours, does not cover all critical zones,
and is hazardous for personnel. Literature analysis revealed the absence of an integrated solution combining flight
planning, multispectral data collection, and quantitative risk assessment. A review of wind turbine monitoring
methods compared over thirty platforms in terms of performance, energy consumption, and accuracy. The
analysis identified that the best available UAV complexes reduce inspection time to forty minutes but are limited in
thermal imaging capabilities. System requirements were formulated: autonomy, integration of spectral ranges,
adaptability to aerodynamic conditions, and mathematical prioritization of defects. The object of the research is
the processes of image collection, recognition, and processing from UAVs for defect detection in wind energy
objects. The subject of the research is methods and tools for collecting, recognizing, and processing UAV-obtained
images. The aim is to improve the efficiency of collection, accuracy of recognition, and processing of images for
detecting defects in wind energy objects. To achieve this aim, seven interconnected tasks were formulated,
covering literature analysis, architecture design, development of specialized methods, and integration into a



unified system. Scientific novelty of results: 1. A new cyber-physical system architecture was developed,
integrating adaptive UAV flight planning, multispectral data collection, cloud-edge data processing with neural
network ensembles, and fuzzy defect risk assessment, ensuring autonomous inspection cycles. 2. A monitoring
method was developed, considering the three-dimensional blade geometry and wind loads, adapting flight
trajectories, reducing flight energy consumption, and the risk of missing defects. 3. A multispectral image fusion
method was developed, accounting for weighting coefficients and spatial distortions, improving defect contrast
and detail, and reducing false positives. 4. For the first time, a method for evaluating defect criticality based on
fuzzy sets was created, incorporating expert knowledge and physical parameters of wind turbines, prioritizing
repairs, and enhancing safety and economic efficiency. The scientific novelty of the dissertation lies in developing
an integrated methodology that, for the first time, combines adaptive flight routing, multispectral image fusion,
and quantitative risk assessment into a single automated cycle. A new principle for merging thermal and visible
images and a novel method for ranking defects by hazard level were proposed, validated by expert assessments
and field experiments. The practical significance of the results is confirmed by laboratory tests. The system
provided a tenfold reduction in inspection time and increased wind farm operational readiness by 4.3%. The
developed cyber-physical system was implemented at a Ukrainian enterprise and integrated into the educational
process at Khmelnytskyi National University, where it is used to train specialists in drone operations and data
analysis. The structure of the dissertation includes an abstract, a list of abbreviations, an introduction, four
chapters, conclusions, references, and appendices, totaling 224 pages containing 37 figures and 38 tables. The main
results have been published in eight scientific papers, including two articles in journals indexed by Scopus/Web of
Science and one computer program registration certificate.
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