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1. Y nuceprauiiiHiil po60Ti PO3B’s13aHO BaXKJIMBE HAYKOBE 3aBAAHHS MiIBULIEHHS €(EeKTUBHOCTI OHJIANH-BUSBJICHHS
Ta igeHTUdiKalii BiiMOB y HaNiBIPOBiAHUKOBUX NIEPETBOPIOBAYAX €JIEKTPOEHEPTii IIIXOM PO3POO6JI€HHS HOBUX
MeTogiB Ta iHdpopMaLifiHOI TexHOJIOri] liarHOCTyBaHHS Ha OCHOBI IU(MPOBUX JBINIHUKIB, 1110 326€311e4yI0Th
aBTOMAaTU30BaHY [1iarHOCTUKY e(deKTiB KOMIIOHEHTIB B OHJIaH-PE>KMUMi 6€3 HeoOXiTHOCTI BUMipIOBaHb
[IpaLe3naTHOCTI OKPEMUX €JIEMEHTIB IIPMCTPOIO. 3alIPONIOHOBAHUM MiXiM [TO€IHYy€E METAEBPUCTUYHY OINITUMI3aLlil0
17151 inenTudikauii mapasuTHUX NapaMeTpiB KOMIIOHEHTIB SIK CKJIAJOBUX MaTeMaTUYHOI Mozerti (KalniopyBaHHS
111dpoBOro ABIHUKA Tl KOHKPETHUIN eK3eMIISp MPUCTPOIO), IKICHUI aHai3 BiiXuleHb BUXiTHUX CUTHAJIIB JJIs
JIoKasizalii HeclipaBHOCTEN Ta TEXHOJIOTIi AUCTaHLiTHUX JJabopaTopill A1 eKCIlepUMeHTalbHOI Bepu@ikanii. ¥
[IEPLIOMY PO3JiJi BUKOHAHO aHaJli3 Cy4aCHUX MiIXOMiB 10 IiarHOCTUKU €JIEKTPOHHUX IIPUCTPOIB, 30KPEMA METOIB

Ha OCHOBIi BOYJJOBAaHOTO CaMOTECTYBAaHHS, CUTHATYPHOT'O aHAJIi3y Ta MAaIIMHHOTO HaBYaHHS. PO3IJISIHYTO KOHLEIILi0



U1(pPOBUX [BIITHUKIB K IHCTPYMEHTY [iarHOCTUKH, IPOAHAIII30BAHO METOAU NOOYA0BY IM(PPOBUX ABIHUKIB Ta
inenTudikanii napameTpis Mopesiell CUIOBUX €JIEKTPOHHUX IIepeTBOPIOBayiB. JJOCIIiIKeHO Cy4acHU CTaH
TEXHOJIOTI! AUCTaHIiMHUX 1abopaTopiil Ta iXHil MmoTeHIian 0y Bepudikalii 1iarHOCTUYHUX CUCTEeM. BusiBiieHO
OCHOBHi OOMEX€EHH4 iCHyIouMX MigxoniB. CHOpMyIbOBaHO METY i BUKOHAHO IIOCTAHOBKY 3a7jay JOCTiKEHHS. Y
IPYroMy po37iii po3po6eHO HOBUII iHTErPOBaHMI METO]], OHJIaH-[iarHOCTYBaHHSI HAIliBIPOBiTHUKOBUX
[IepeTBOPIOBAYiB €JIeKTPOeHePrii Ha OCHOBI M@ poBoro ABiliHMKa. MeToq, 6a3yeThCs Ha IPEACTaBJIeHH] BXiIHUX Ta
BUXiJJHUX [TapaMeTpiB IIPUCTPOIO Y BUTJISAi BEKTOPIB i popMyBaHHI Tabau1i Bi[IOBiIHOCTI MK BiIXUJIEHHSMU
BUXiTHUX CUTHAJIiB Bifj €TaJIOHHUX Ta MOKJIMBUMH NIPUYMHAMU HECIIPABHOCTEMN. ETasIOHHI 3HaY€HHS OTPUMYIOThCS
3a IOTIOMOTO0I0 U(POBOTO NBiIMTHMKA, BiIKaMiOPOBAHOTO i/l KOHKPETHUHN €K3eMILJISIP TPUCTPOI0. 3aITPOTIOHOBAHO
niAxin i3 AMCKpeTHUMU CTaHaMU BiIXUJIEeHb, 110 3abe3Ievye CTiMKICTh 10 LIyMiB BUMIpIOBaHb Ta HU3bKi BUMOTH [10
004K CIII0BAJIbBHUX PECYPCIB Ha €Talli eKCIUTyaTallii, OCKiJIbKA BCi PECYpPCOMICTKi 064K CJIEHHSI BUKOHYIOTBCS HA €eTalli
ininjamizanii cucremu. CucteMaT30BaHO YOTUPU OCHOBHI METOAM reHepallii TabinLb BifTIOBiIHOCTI:
CHCTEMaTUYHOI'O MOJIEJIIOBAaHHS, aHAJITUYHOTO BUBOLY, popMarisaliii eKClIepTHUX 3HaHb Ta eKCIIEPUMEHTAIbHUM
METO[I, @ TAaKOX riOpUIHMI MiAXin, SIKUi 32 pe3yabTaTaMU sIKICHOTO IIOPiBHSHHS PEKOMEHIyEThCS 17151 IPAKTUYHUX
3aCTOCYBaHb. Y TPETbOMY PO3/iJii 06IPYHTOBAHO BUOIp F€HETUYHOrO AJITOPUTMY JJ1s1 PO3B’SI3aHHS 3a1a4i
inenTu@ikanii napa3uTHUX NapameTpiB CUJIOBOTO IIEPETBOPIOBAYA IIOCTIHOTO CTPYMY IJ1s1 KaIi6pyBaHHS HOTro
1M@poBoro ABifiHMKA. 3allpOIIOHOBAHO BU3HAYATH €TAaJIOHHUI CUTHAJ 1151 KajibpyBaHHS 3a KpUTEpieM
PiBHOBiaIEHOCTI OT0 NMOKA3HMKIB BiJl TPAHUYHUX 3HaY€Hb €KCIIEPUMEHTA/IbHOI BUOIDKY, 3aBASKA YOMY
BiIXWJIEHHS BifKasibpoBaHOi MOZEJIi € CHMETPUYHNMM i 6e3110cepeIHbO BUKOPUCTOBYIOTHCS SIK II0YATKOBI IOPOTU
IliarHOCTyBaHHS. [IpoBeieHO MOPiBHANBHUM aHAaJli3 PaliEeHTHUX METOIB, METOMlYy ONTHAMI3allii POI0 YaCTUHOK,
aJITOPUTMY «CipOTO BOBKa» Ta TEHETMYHOrO anroputmy. CopmMysib0BaHO MaTEMAaTUYHY MOJIEJIb 3aadi
inenTudikanii sk 3amavy raobanpHOi MiHiMizaLiil BifXnieHHS MK BUXOZaMU MOJIEJi Ta peasbHOTO IIPUCTPOIO.
Beneno miaxin i3 torapudmivHUM KOAYBaHHSM I'eHiB, 0 3a6e3neuye epeKTrBHe 0OpOobIeHHS [IapaMeTpiB, SIKi
OXOIIIOIOTH 10 9 MOPSIKIB BEJIMUUHU. ATPOOOBAHO METO[, Ha IEPETBOPIOBAYi IIOCTIMHOIO CTPyMY 3 ineHTudikallieo
CeMMU Napa3uTHUX [TapaMeTpiB Ha OCHOBI €KCIIEPUMEHTAJIbHAX BUMIpPIOBaHb. Y 4ETBEPTOMY PO3/iJli OTpUMAaun
[OAA/IBIINI PO3BUTOK TEXHOJIOTIUHI MiAX0IM A0 (POPMYBAHHS apXiTEKTYpU AUCTAHLHNX iH)KEHEPHUX
J1abopartopiii: po3po6sIeHO METO], 6araTOKpUTEPiaJIbHOTO IOPIBHSIBHOTO aHali3y iHPOopMaLiliHUX TeXHOJIOTIH iX
no6y10BHY, 110 A€ 3MOTY IIEPENTH Bifl eMIIIPUYHOrO 10 HAYKOBO apIyMEHTOBAHOTO BUOOPY TEXHOJIOTTYHO]
naTGOopMU. 3alIPONIOHOBAHO CUCTEMY 3 IIECTU KPUTEPIiB i3 OOI'PYHTOBAaHMMU BaroBUMU KoedillieHTaMU: PiBEHb
TEXHOJIOTi}, OHOBJIEHHS Ta MigTPUMKa, MOKJIMBICTb iHTerpaii 3 LMS, nmpocToTa apXiTeKTypH, MBUAKOLISA B PEXKUMI
peasIbHOro Yacy Ta NpocToTa KoHdirypauii. ¥ mM'aToMy po31ili BUKOHAHO eKCIIepUMEeHTaIbHY BaJjlifalliio
3aIPONIOHOBAHUX METOiB. PO3p06s1€HO METO/, MOPIBHSIHHSA iH(YOPMaLIMHUX TEXHOJIOTIN O€KEHy AJ1S B3aeMOJi 3
LabDiscoveryEngine, 3aBasK1 4OMy KiJIbKiCHO OOI'PYHTOBaHO BUOIp MPOrpaMHoi aaTgpopmu AJ1s peanisanii
IYMCTaHIiiHOI 1abopartopii. Po3pobyieHo nporpaMHoO-anapaTHUM KOMILJIEKC AMCTaHIIIMHOI JJabopaTopii CUIOBOI
€JIEKTPOHIKM Ha OCHOBI TexHosorii LabDiscoveryEngine i1 HaniBlIpoBiAHMKOBUX NI€PETBOPIOBAYiB IIOCTIMTHOTO
cTpyMy. PeasiszoBaHo iHTerpauito 0udpoBoro OBiHNMKa, TO0YJOBAaHOTO 3 BUKOPUCTaHHSIM PySpice ta Ngspice, i3
CHCTEMOIO JIiIaTHOCTUKU Ha OCHOBI 3alIPOMIOHOBAHOrO MeTony. OTpUMaHi pe3ysbTaTy MalOTh IPAKTUYHE 3HAYEHHY,
OCKiJIbKY 3aIlpOIIOHOBaHI iHpOpMaLiliHi TEXHOJIOTIi Ta METOM MOXKYTb OYTU BUKOPUCTAaHI JJ1s1 IOOYAOBU CUCTEM
aBTOMAaTM30BaHOI AiarHOCTUKY Ta IPEIUKTUBHOIO TEXHIYHOTO 0OCIyTOBYBAaHHS CUJIOBUX €JIEKTPOHHUX
IIEPETBOPIOBAUIB, a TAKOX SIK 6230Ba apXiTEKTypa JiJ1s1 CTBOPEHHS AUCTAHLINHUX J1ab0PaTOPiil €1€KTPOHHOTO

CIIpSAMYBaHHA.

2. The dissertation solves an important scientific problem of improving the effectiveness of online fault detection
and identification in semiconductor power converters by developing new methods and an information technology
for diagnostics based on digital twins, which provide automated online diagnosis of component defects without
the need to measure the operability of individual elements of the device. The proposed approach combines
metaheuristic optimization for identifying the parasitic parameters of components as constituents of the
mathematical model (calibration of the digital twin to a specific device unit), qualitative analysis of output signal
deviations for fault localization, and remote laboratory technologies for experimental verification. The first chapter



analyzes current approaches to the diagnostics of electronic devices, in particular methods based on built-in self-
test, signature analysis, and machine learning. The concept of digital twins as a diagnostic tool is considered, and
methods for constructing digital twins and identifying the model parameters of power electronic converters are
analyzed. The current state of remote laboratory technologies and their potential for verifying diagnostic systems
are investigated. The main limitations of existing approaches are identified. The research goal is formulated and
the research tasks are stated. The second chapter develops a new integrated method for online diagnostics of
semiconductor power converters based on a digital twin. The method is based on representing the input and
output parameters of the device as vectors and forming a correspondence table between the deviations of the
output signals from their reference values and the possible causes of faults. The reference values are obtained
using a digital twin calibrated to the specific device unit. An approach with discrete deviation states is proposed,
which provides robustness to measurement noise and low computational resource requirements during operation,
since all resource-intensive computations are performed at the system initialization stage. Four main methods for
generating correspondence tables are systematized: systematic simulation, analytical derivation, formalization of
expert knowledge, and the experimental method, as well as a hybrid approach, which, based on the results of a
qualitative comparison, is recommended for practical applications. The third chapter substantiates the choice of a
genetic algorithm for solving the problem of identifying the parasitic parameters of a DC-DC power converter in
order to calibrate its digital twin. It is proposed to determine the reference signal for calibration by the criterion of
equidistance of its indicators from the boundary values of the experimental sample, owing to which the deviations
of the calibrated model are symmetric and are used directly as the initial diagnostic thresholds. A comparative
analysis of gradient-based methods, particle swarm optimization, the grey wolf optimizer, and the genetic
algorithm is carried out. The mathematical model of the identification problem is formulated as a problem of global
minimization of the deviation between the outputs of the model and the real device. An approach with logarithmic
gene encoding is introduced, which ensures efficient handling of parameters spanning up to 9 orders of
magnitude. The method is validated on a DC-DC converter with the identification of seven parasitic parameters
based on experimental measurements. The fourth chapter further develops technological approaches to designing
the architecture of remote engineering laboratories: a method for multi-criteria comparative analysis of the
information technologies used to build them is devised, which makes it possible to move from an empirical to a
scientifically substantiated choice of technology platform. A system of six criteria with substantiated weighting
coefficients is proposed: technology level, updates and support, LMS integration capability, architectural
simplicity, real-time performance, and ease of configuration. The fifth chapter presents the experimental
validation of the proposed methods. A method for comparing backend information technologies for interaction
with LabDiscoveryEngine is developed, which provides a quantitative justification for the choice of the software
platform for implementing the remote laboratory. A hardware-software complex of a remote power electronics
laboratory based on the LabDiscoveryEngine technology for semiconductor DC-DC converters is developed. The
obtained results are of practical significance, since the proposed information technologies and methods can be
used to build systems for automated diagnostics and predictive maintenance of power electronic converters, as
well as a baseline architecture for creating remote laboratories in the field of electronics.
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JoparkoBa iHdpopmamist:

IloBHE HaliMEeHYBaHHS IOPUAHYHOL 0C00H: HanjionanbHuii yHiBepcuteT "UepHiriBcbka nositexHika"
Kopg 3a €IPIIOY: 05460798

Micue3Haxoa KeHHS: By llleBuenka, UepHniris, YepHiriscbkuii p-H., 14035, Vkpaina

dopma BiracHOCTI: /lepxasHa

Cdepa yIIpaBJIiHHﬂ: MiHicTepcTBO OCBiTH 1 HayKU YKpaiHu

InenTudikarop ROR:

BiacHe IIpi3Buie Im'sa ITo-6aTbKOBI:
1. Binoyc Ipuna BonogumupisHa

2. Iryna V. Bilous

KBasigikanis: x.r.u., gou,, 05.13.06

InenTudikarop ORCID ID: 0000-0003-3092-678X

JoparkoBa indopmamnist:

IloBHe HaﬁMeHyBaHHﬂ IOPUIUYHOL 0C00H: HanjionanbHuii yHiBepcuteT "UepHiriBcbka nosirexHika"
Kog 3a €IPIIOY: 05460798

Micue3Haxoa>KeHHSI: By [lleBuenka, YepHiris, YepHiriBchkuii p-H., 14035, Ykpaina

dopma ByacHOCTI: [lepxkasna



Cdepa yIIpaBJIiHHﬂ: MiHicTepcTBO OCBiTH 1 HayKU YKpaiHu

InenTudikarop ROR:

VIII. 3aKkJII04Hi BiZOMOCTi

BaacHe IlpizBuie Im's [10-6aTbKOBI Hopou Mapis CepriipHa
rOJIOBH pagu

BaacHe IlpizBume Im'st II0-6aTbKOBI Hopom Mapist CepriiBHa
rOJIOBYIOYOTO Ha 3acCiiaHHi

BigmoBizansHMIA 32 HiATOTOBKY JIncenko Harasist BonmogumupisHa
00JIiKOBUX JOKYMEHTIB

Peec'rpa'rop Opuenko TersiHa AHaTOJIiBHA

KepiBHuk Bigainy YKpIHTEI, mpo €
BiZIIOBiZaJIbHUM 32 peECTpallil0o HAyKOBOi IOpuenko TeTsHa AHaTosiiBHA

OisSIIBHOCTI




