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batioa  Bnaoucnase /Imumposuu. Meroau Ta iHGOpMaIlliiHA  TEXHOJOTIA
JIarHOCTYBaHHsI BIJIMOB Yy HAIIBIPOBIIHUKOBUX IIEPETBOPIOBAYaX EJICKTPOCHEPrii Ha
ocHOBI 1T poBUX IBiIMHKKIB. — KBamidikariiina HaykoBa mpaiig Ha IpaBax pyKOIHCY.

Juceprartiist Ha 3100yTTsI HAYKOBOTO CTYIICHs JOKTOpa (piocodii 3a creriaabHICTIO
122 — «Kowmm’rotepui Haykm» (12 — «lrHdopmamniiini TexHosmoTii»). — HamioHamsHwmiA
yHiBepcureT «YepHiriBcbka nomitexaikay, MOH Ykpainu, UepHiris, 2026.

VY nucepraliiiiHiii poOOTI pO3B’sA3aHO BaXXJIMBE HAYKOBE 3aBJaHHS ITiJIBUIICHHS
€(PEeKTUBHOCTI OHJIAMH-BUSBIEHHS Ta 1AeHTU(IKAIli BIAMOB Yy HaIIBIPOBIIHUKOBUX
MepETBOPIOBaYaX €JIEKTPOCHEPTii UIIXOM PO3pOOJIECHHS HOBUX METO/IIB Ta iH(OpMaIiiHOT
TEXHOJIOT1i J1arHOCTYBaHHS Ha OCHOBI IM(POBUX JBIMHUKIB, M0 3a0€3MeYyr0Th
aBTOMATU30BaHY JIIaTHOCTHKY J1€(DEKTIB KOMIIOHEHTIB B OHJIAWH-PEXUMI 0€3 HEOOX1HOCTI
BUMIPIOBAaHb MPAIE3/JaTHOCTI OKPEMHUX EJIIEMEHTIB MPUCTPOI0. 3alpOIOHOBAHUN TiIX1]T
MOEHYE METACBPUCTUYHY ONTHUMI3alil0 s 1AeHTU(IKAIll Hapa3uTHUX I[apaMeTpiB
KOMITIOHEHTIB SIK CKJIQJOBMX MaTE€MaTUYHOI Mojell (KamiOpyBaHHS HU(PPOBOro ABIMHUKA
M1]] KOHKPETHHUH €K3EMILISIp IPUCTPOIO), SIKICHUM aHa13 BIXWIEHb BUX1THUX CUTHAJIB JJIs
JoKami3alii  HECNpaBHOCTEW Ta  TEXHOJOrIT JAMCTAHIIMHUX  JabopaTopid s
EKCIIEpUMEHTAIILHOT BepudiKarlii.

HuceprariiitHa poOoTa CKIaAa€eThCs 31 BCTYNy, I'SATH PO3/ILJIiB, BUCHOBKIB, CIIUCKY
BUKOPHUCTAHUX JKEPET Ta MIECTH TOIaTKIB.

Y nepuiomy po3nili BUKOHAHO aHajli3 CY4YaCHHMX IMJIXOMIB JO J1arHOCTHKHU
€JIEKTPOHHUX MPUCTPOIB, 30KpeMa METOJ[IB Ha OCHOBI BOYJOBAaHOIO CaMOTECTYyBaHHS,
CUTHATYPHOTO aHaJli3y Ta MAIMHHOTO HaBYaHHS. PO3rIsHyTO KOHIEMII0 HH(PPOBHUX
JBIMHUKIB K IHCTPYMEHTY JIarHOCTUKH, MPOAHAIII30BAHO METOJM MOOYI0BU HU(PPOBHUX
JBIMHUKIB Ta 1IeHTU(IKALIT TapaMeTpiB MOJENICH CHIIOBUX €JIEKTPOHHUX MEPETBOPIOBAYIB.
JlocmimKeHo cydacHU CTaH TEXHOJIOTIN NUCTAHIIMHUX JabopaTopii Ta iXHIN MOTEHIal
st Bepudikaiii JIarHOCTUYHUX CHUCTEM. BUSBICEHO OCHOBHI OOMEXKEHHS ICHYIOUHX
niaxo/iB. ChopMyIb0BaHO METY 1 BUKOHAHO MOCTAHOBKY 3314 JTOCJIIIKEHHS.

Y nmpyromy po3auii  po3poOJICHO HOBHM IHTETPOBAHMM METOJ  OHJIAWH-



JIarHOCTYBaHHSI HAMIBIPOBIIHUKOBUX TIEPETBOPIOBAYIB E€JEKTPOEHEPrii Ha OCHOBI
mudpoBoro BiMiHMKA. MeTon 0a3yeTbcsl Ha TPEACTABICHHI BXIJHUX Ta BHXIJHHUX
rapamMeTpiB MPUCTPOIO Yy BUTIISAMI BEKTOPIB 1 (pOpMyBaHHI TAOJIMIN BiJMOBITHOCTI MIiX
BIIXWICHHSIMH BUXIJIHUX CHUTHAQJIIB BlJ €TAJIOHHUX Ta MOXIMBUMH TNPUYUHAMU
HecnpaBHOCTEH. ETanoHH1 3HaUEHHSI OTPUMYIOThCS 32 JOMOMOI0I0 HHU(POBOro ABIHHUKA,
BIJIKaJIIOpPOBAHOTO TiJ] KOHKPETHUH EK3eMIULSIp MPUCTPOIO0. 3ampONOHOBAHO MIAXIJ 13
JTUCKPETHUMHU CTaHaMM BIAXWJICHB, IO 3a0e3ledye CTIMKICTh J0 IIyMiB BHUMIpIOBaHb Ta
HU3bKI BUMOTH 10 OOYHMCIIOBAJIBHUX PECYpCiB Ha €Talll eKCIUTyaTallii, OCKIIbKUA BCl
pecypcoMmicTKi ~ OOYMCIICHHS  BHUKOHYIOTBCS  Ha  eTali  IHimamizamii  CHCTEMH.
CucTteMaTH30BaHO YOTHPH OCHOBHI METOAM TeHepallii TaOmuilp BIJIMOBIIHOCTI:
CUCTEMaTUYHOTO MOJIETIOBAHHS, aHAIITHYHOTO BUBOJY, (popMaJizailii eKCIepTHUX 3HAHb
Ta eKCIIEPUMEHTAIBHUI METO/I, a TAKOXK T1IOPUAHUM X111, SIKUH 32 pe3ybTaTaMu SIKICHOTO
MOPIBHSHHS PEKOMEHIYETHCS IJIsI TPAKTUIHUX 3aCTOCYBaHb.

VY TpeTrboMy po3Aiii OOrpyHTOBAHO BUOIp TEHETUYHOIO AJITOPUTMY JIJIsi PO3B’ I3aHHS
3amaul 17eHTUdIKaIl Mapa3uTHUX MapaMeTpiB CHIOBOTO TEPETBOPIOBAvYa IMOCTIHHOTO
CTpYyMy MJig KajiOpyBaHHsA Moro I1u@poBoro ABidHUKA. 3almpONOHOBAHO BHU3HAYATH
€TAJIOHHUN CUTHAJ IS KamiOpyBaHHS 32 KPUTEPIEM PIBHOBIIIATICEHOCT! HOTO MOKa3HUKIB
Bl TPAaHUYHUX 3HAYEHb EKCIIEPUMEHTAJIbHOI BHUOIPKH, 3aBISKH YOMY BIAXHUJIECHHS
B1IKaOpOBaHOI MOJENl € CHUMETPUYHUMHU 1 Oe3mocepeHbO BUKOPHCTOBYIOTHCS SIK
MOYATKOBI TOPOTH JiarHOCTyBaHHA. [IpoBeneHO MOPIBHSJIBHUN aHal3 TPaji€eHTHUX
METO/I1B, METOY ONTUMI3AIlll PO YACTUHOK, aJITOPUTMY «CIpOro BOBKa» Ta FT€HETUYHOTO
anroput™my. CdopMysIbOBaHO MaTEMaTHYHY MOJEIb 3adadi iAeHTU(IKaIii sSK 3amady
rI00aabHOl MiHIMIZAIIl BIAXWJICHHS MIXK BHXOJAaMH MOJICNIl Ta PEaJbHOTO IPHUCTPOIO.
Breneno miaxia 13 jorapu@MidyHUM KOJYBaHHSM TeHIB, [0 3abe3rneuye e(peKkTuBHE
00pOoOICHHS TapaMeTPiB, K1 OXOILTIOIOTH A0 9 MOPSAIKIB BEIMYMHU. ATIpOoOOBaHO METO Ha
MepeTBOPIOBaYl MOCTIMHOTO CTPYyMY 3 1ICHTU(IKALIEI CEeMH Mapa3uTHUX MapaMeTpiB Ha
OCHOBI1 €KCIIEPUMEHTAIBHIUX BUMIPIOBaHb.

VY yeTBepTOMY PO3UTI OTPUMAIH TOAAIBIITUN PO3BUTOK TEXHOJIOTIUHI MIAXOIU 10
(dhopMyBaHHS apXITEKTypH IUCTAHIIIMHUX 1HXKEHEPHUX Jaboparopiii: po3poOJieHO METOA

0araToKpuTEPIAIBHOTO TOPIBHSUIBHOTO aHali3y 1H(OPMAIITHIUX TEXHOJOTIH iX MOOY10BH,
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M0 Jla€ 3MOry TMEpPEerTH BIJl EMIPUYHOTO 10 HAYKOBO apryMEHTOBAaHOTO BUOOpY
TEXHOJIOTIYHOI  TuIaTGopMu. 3amporOHOBAHO CHUCTEMY 3 IIECTH KpUTEpPIiB 13
OOIpyHTOBaHMMHU BaroBUMH Koe(illieHTaMu: piBeHb TEXHOJIOT1H, OHOBJICHHS Ta MIATPUMKA,
MOXJIMBICTH 1HTerpanii 3 LMS, npocroTa apxiTeKTypH, MBUAKOIS B PEKUMI peaTbHOTO
gacy Ta mpocToTa KoH(irypamii. Ha ocHOBI MeTOay MpoOBeIeHO KUIBKICHE MOPIBHSIHHS
[IECTU TEXHOJIOTIM AMCTAHLIWNHUX JabopaTopiif, 3a pe3yJabTaTaMH SKOTO TEXHOJIOTIIO
LabDiscoveryEngine Bu3HaueHO sK HaAWOUILII MOpUAATHY JUIi TOOYJ0BH HOBHUX
JTUCTAHITIHHUX JTA00OpaTOPii.

Y m’sTtoMy pO3aUIi BUKOHAHO EKCIEPUMEHTAIbHY Balilallilo 3allpOlIOHOBAHUX
MeToaiB. Po3poGiieHo MeTon MOpiBHSHHS 1H(GOPMALIMHUX TEXHOJOTINH OeKeHay s
B3aemonii 3 LabDiscoveryEngine, 3aBasku 4YOMy KUIBKICHO OOIPDYHTOBAaHO BHOIp
nporpamMHoi minaTdhopMu IS pearizaiii JMcTaHIiiHOI y1aboparopii.  Po3pobieno
MPOrpamMHO-anapaTHU KOMIUIEKC IJUCTAHI[IMHOI jJabopaTopli CHIIOBOI €JIEKTPOHIKM Ha
ocHOBl TexHonorii LabDiscoveryEngine myigs HamiBIpPOBIJHUKOBHUX MEPETBOPIOBAYIB
nocTiitHoro crpymy. PearnizoBaHo iHTerpaiiio 1udpoBoro IBIHHHKA, MOOYJOBaHOTO 3
BUKOpucTaHHAM PySpice Ta Ngspice, 13 CHCTEMOIO IarHOCTUKA HAa OCHOBI
3aMpONOHOBAHOTO MeToNy. TecTyBaHHS Ha peanbHOMY oOsamHaHH1 miaTBepamwio 100%
BUSBIICHHS (DaKkTy BIAMOBU Ta KOpekTHe Bu3HaueHHs mpuuumHu y 99,5-100% Bumnankis
3QJIEKHO BIJ CTYNEHS BIAXWICHHS NapameTpiB. AHam3 IIBUAKOMAII JaHOI peani3aiii
MOKa3aB, ILI0 MAaKCUMaJbHUH dYac BHUKOHAHHS IOBHOI NPOLEAYpPH 1arHOCTYBaHHS
CTaHOBUTH 1,5 MUIICEKYHJ, TPUYOMYy BIH 3A€OUIBLIOTO € 3yMOBJICHHM IE€pelayero
ocmiorpam o USB, a Bci iHII eTanu B Cymi TPUBAIOTh JECSITKU-COTHI MIKPOCEKYH]I.
CTBOpEHO MapKOBCHKY MO/IE]Ih TOTOBHOCTI HaIIBIPOBITHUKOBUX NIEPETBOPIOBAYIB €HEPTI1,
PO3B’SI30K SIKOI KUIBKICHO TJITBEP/KYE, IO JOCATHYTE MiABUIIECHHS €(EeKTUBHOCTI
J1arHOCTYyBaHHA 3a0€31evye 3pOCTaHHs TOTOBHOCTI MIEPETBOPIOBAYA.

OTpuMaHi pe3yJbTaTH MaloTh MPAKTAYHE 3HAYCHHS, OCKUIBKH 3aIpOIOHOBaHI
iH(pOopMaIIiiHI TEXHOJIOrIT Ta METOAU MOXYTh OyTH BUKOPHUCTaH1 JJii NOOYAOBH CHUCTEM
aBTOMATH30BAHOI J1arHOCTUKH Ta MPEIUKTUBHOIO TEXHIYHOTO OOCIyrOBYBaHHS CHIJIOBUX
€JIEKTPOHHUX TMEPETBOPIOBAYIB, a TaKOX SK 0a30Ba apXiTeKTypa HJisi CTBOPEHHS

JTUCTAHIIIHHUX J1a00paTOPiil €IEKTPOHHOTO CIIPSIMYBaHHS.



Kniouogi cnosa: umbpoBuil nBiMHUK; iHGOpMAIIiHA TEXHOJOTIS; TEHETUYHUI
QITOPUTM;  BEKTOpHAa  MOJENb; METAaeBPUCTHYHA  ONTHMI3allis;  MOJICITIOBAHHS;
J1arHOCTYBaHHS TMPHUCTPOIB CHIJIOBOI €JIEKTPOHIKM; MEPETBOPIOBAY MOCTIHHOTO CTPYMY;
imeHTudikaris MmapasuTHUX TapamMeTpiB; SKICHUM aHalli3 HEeCIPaBHOCTEW; AUCTaHIlIMHA
naboparopist; MIPeIMKTUBHE TEXHIYHE 00CITYTOBYBaHHS; BUSBICHHS BIIMOB; Kiacu]ikaris

HeCHpaBHOCTeﬁ; MalllMHHC HaBYaHHS.
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KOMIIJIEKCOM KPHUTEPIiB 3 BaroBUMH Koe(DilliEHTaMH, TPOBEICHHS MOPIBHSIBHOTO
aHaii3y Ta OOTpyHTYBaHHS BUOOPY ONTUMAJIBHOI TEXHOJIOTIT).

4. B. baiinga, O. Beniropcbkuii. MeToa0J10Tis JiarHOCTUKH arlapaTHOTO 3a0e3eueHHS

6


https://doi.org/10.1007/978-3-031-90735-7_29
https://doi.org/10.25140/2411-5363-2025-1(39)-206-217
https://doi.org/10.25140/2411-5363-2025-1(39)-206-217
https://doi.org/10.25140/2411-5363-2024-4(38)-172-188
https://doi.org/10.25140/2411-5363-2024-4(38)-172-188

3 BUKOPUCTAHHAM 1H(opMaliiiHo1 TexHoJsorii nudpoBoro napiliHuka, TexHIYHI
Hayku Ta TexHojorii, 2025, Ne2 (40), c. 234-253. https://doi.org/10.25140/2411-
5363-2025-2(40)-234-253, ®daxose Buganasg,  (ISSN 2411-5363). (Ocobuctuii

BHECOK 3/100yBada: po3po0Ka METOJMKH JIarHOCTHKH €JEKTPOHHOTO 00JIaTHaHHS
Ha OCHOBI BEKTOPHOTO TMPEACTaBICHHS TMapameTpiB, (opmamizaiis TabIuIb
BIMOBITHOCTI Ta MeEXaHi3My Cipoi 30HH, pO3poOKa aJropuTMy peamizarii
METOIUKH, CHCTEMATH3Aallisl METOIB T'eHepallii TaOJIUIb BiAMOBIAHOCTI).

B. baiina, O. Beniropcokuii [nentudikamiss mapasuTHUX MapaMmeTpiB MOJENi
NepEeTBOPIOBaYa MOCTIHHOTO CTPYMY T€HETUUHUM aJTOPUTMOM, TeXHIUHI HayKu Ta
texHoorii, 2025, Ne4 (42), ¢. 165-186, https://doi.org/10.25140/2411-5363-2025-
4(42)-165-186, ®daxose Bumanasa, (ISSN 2411-5363). (Ocobuctuii BHECOK

3m00yBava: po3poOka MeTony i1neHTU(IKaIli mapasuTHUX MapaMmeTpiB MOl
NEepPETBOPIOBAaYa IOCTIMHOIO CTPyMy, peaji3aiisi TFeHETUYHOrO AalrOpuTMy 3
OaraTokpuTepiabHOIO (byHKITI€IO MPUCTOCOBAHOCTI, MIPOBEICHHS
EKCIIEPUMEHTAJIbHUX BUMIPIOBaHb Ta CTATUCTUYHOIO aHANI3y JIaHUX, Bepudikaris
OIITUMI30BaHOT MOJIETI Ha EKCIIEPUMEHTAIBHII BUOIpIIi).

B. baiina, O. Beniropcekuit Po3poOka Ta mnpakTuyHa IMIUIEMEHTAIlis
1H(pOpMaIITHOT TEXHOJIOT1i AIarHOCTUKH NEPETBOPIOBAYIB MOCTIMHOTO CTPyMy Ha
OCHOB1  (PI3UYHO-OPIEHTOBAaHUX UU(POBUX JBIMHMKIB, TEXHIUYHI HAyKH Ta
texHoorii, 2026, Nel(43), c. 161-182. https://doi.org/10.25140/2411-5363-2026-
1(43)-161-182, ®axoe BumaHHs, (ISSN 2411-5363). (OcoOuctuii BHECOK

3m00yBada: po3poOKa MaTeMaTUYHOI MOJENl TEepPeTBOpIOBadYa 3 YpaxyBaHHSIM
napasuTHUX napamerpiB y PySpice, ¢opmyBanHs TabiMill BiAMOBIAHOCTI yepes3
MOJICJIIOBAHHSI IIECTH CTYMEHIB BIJIHOCHUX 3MIH [apaMeTpiB, MpaKTUYHA
IMIUIEMEHTAITIS Ta eKCIIEpUMEHTAJIbHA BaJliIallisi METOO0JIOTIT IIarHOCTUKHU Ha 0a3i

6705 BuUMipIOBaHb y cHCTEMI TUCTaHIiiHOT 1abopaTopii LabDiscoveryEngine).

HayxkoBi npaui, siki 3acBiT4yl0Th anpodanilo MmarepiajiB JucepTaiii:
1. baiina B., Ianens C. Bignaneni mabopaTopii mo poOOTi 3 anmapaTHUMHU 3aco0aMu
BOy/0BaHMX crcTeM. HOBITHI TEXHOJOTIT Y HAYKOBIM JISUIBHOCTI 1 HABYAJILHOMY

nporeci: 30ipHUK Te3 BceykpalHCchka HAayKOBO-TIpaKTUYHA KOH(EpEHIis
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ABSTRACT

Baida Vladyslav. Methods and information technology for diagnosing failures in
semiconductor power converters based on digital twins. — Qualifying scientific work
(manuscript)

PhD thesis under Specialty 122 — Computer Science (12 — Information technologies).
— Chernihiv Polytechnic National University, Ministry of Education and Science of Ukraine,
Chernihiv, 2026.

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 dissertation consists of an introduction, five chapters, conclusions, a list of
references, and five appendices.

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
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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. Based on the method, a quantitative
comparison of six remote laboratory technologies is carried out, as a result of which the

LabDiscoveryEngine technology is identified as the most suitable for building new remote
11



laboratories.

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 integration of a digital
twin built using PySpice and Ngspice with a diagnostic system based on the proposed
method is implemented. Testing on real equipment confirmed 100% detection of the fact of
failure and correct determination of its cause in 99.5-100% of cases, depending on the
degree of parameter deviation. A performance analysis of this implementation showed that
the maximum execution time of the complete diagnostic procedure is 1.5 milliseconds, most
of which is due to the transfer of waveforms over USB, while all other stages together take
tens to hundreds of microseconds. A Markov availability model of semiconductor power
converters is created, the solution of which quantitatively confirms that the achieved
improvement in diagnostic effectiveness leads to an increase in converter availability.

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.

Keywords: digital twin; information technology; genetic algorithm; vector model;
metaheuristic optimization; simulation; diagnostics of power electronics devices; DC-DC
converter; identification of parasitic parameters; qualitative fault analysis; remote

laboratory; predictive maintenance; fault detection; fault classification; machine learning.
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