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1. AKTyaJIHOCT Ha IMCePTALMOHHUS TPY/

CunoBara eneKTpPOHHMKA UTpae KIIOYOBA POJIS B MIMPOK CIIEKTHP OT MPHUIIOKEHUS — OT
Bb300HOBAEMH €HEPIrMHHH CHCTEMH U €JIEeKTPHYECKH MPEeBO3HH CPENCTBA 0 MHIYCTPHAIHH
TeXHOJIOTHH, 3aJBI)KBaHMA M OHTOBa eleKkTpoHHka. C HapacTBAallOTO BHUMAaHHUE KbM
€HepruiiHa e(PEeKTUBHOCT M HAMAISBAHE HA BBIVICPOJHUTE €MHUCHH, BH3HUKBA HOOXOAMMOCT
OT HOBM METOJH 3a MPOECKTHPAHE, KOMTO J1a FapaHTUpaT no-eeKTUBHA M HaaexkaHa pabora
Ha CHJIOBUTE €JIEKTPOHHU YyCTpoWcTBa. MozenHo 0a3MpaHOTO NPOEKTHpaHE I[03BOJIsABaA
UHTETpallMsATa Ha pasjM4YHM KJIOHOBE OT HayKaTa KaTo EJEKTPOHHKA, E€JIEKTPOTEXHHUKA,
MaTeMaTHKa ¥ MHQOpPMATHKa, KOETO HaChpuaBa HHOBAL[MUTE M Pa3BUTHETO HA HOBU PELICHHUS.
Bb3moxkHOCTTa ga ce M3MON3BAT M B3aUMOJCHCTBAT AOCTHIKEHHATA HA TE3H Pa3IHYHH
001acTH € OT CBLIECTBEHO 3HAUYCHHE 33 HANpeqbKa B MPOEKTHPAHETO Ha CHJIOBH €JIEKTPOHHU
ycTponcTBa. HanpeneksT B KOMOIOTBPHHTE TEXHOJIOTHH U COMTYEpHUTE HHCTPYMEHTH 3a
CHUMYyJIAllMisl IpaBM BB3MOXHO II0-PEAJMCTHYHOTO M TOYHO MOJETUpaHe Ha CHJIOBUTE
CJIEKTPOHHU YCTpoicTBa. ToBa 3HauMTeNnHO MOXOOpsiBa CHOCOOHOCTTAa HAa WH)KEHEPUTE H
NIPOCKTAHTHUTE J1a MPEJBMKIAT MOBEJCHUETO Ha YCTpOMCTBaTa MpHU pa3IMYHU YCJIOBUA U Aa
TIpaBAT HEOOXOAMMHUTE KOPEKLIUH OILIE Ha eTala Ha MpOoeKTHpaHe. B TO3M acleKT TeMaTHKaTa
Ha JUCEpTalMsTa € aKTyaJlHa | MOJIe3Ha.

2. CTeneH Ha NO3HABaHe CHCTOSAHHETO HA NMPodJIeMa U TBOPYECKa
HHTEPIpPETALHA HA JUTEPATYPHUS MaTepHal

ITpu paspaboTkara Ha AUcepTaLUATa aBTOPHT € MPEACTAaBHI OOIIUPEH U 3aaBJI0O0YEH
nperne] Ha CbILNECTBYBallaTa JHUTepaTypa IO TeMaTa, KaTo Ha Ta3d OCHOBa ca
WICHTHQHUUUPAHN KJIIOUOBM MPEAM3BHKATENICTBA MPU MPOEKTHPAHE HA CHJIOBU EIIEKTPOHHH
ycrpoiictBa. OmnpenesneHn ca OrpaHHYEHHUSITa Ha CHILICCTBYBAIIUTE KJIACHYECKH METOIH 3a
IIPOEKTHUPAHE, KaTo: JIUIICA Ha OLIEHKA 3a TOJIEPAHCUTE Ha CXEMHUTE €JIEMEHTH, U3I0JI3BAaHETO
Ha AQHAJMTHYHH CHOTHOILEHH:, BaJHIHU B YCTAHOBEH PEXUM Ha paboTa Ha yCTpOHCTBarta,
CJIO)KHH M BPEMEEMKH METOJMKH 3a NPOEKTHPAHE, 3aBbPLIBALLM C HECTHO3HAYHO ONpeaeisiHe



Ha CTOMHOCTHUTE Ha CXEMHHUTE €JIEMEHTH. B To31 cMuCHI € HaIlpaB€HO TBOPYECKO H3IT0JI3BAHE
H pa3sBHTHC Ha CBHIICCTBYBALIMTE METOAM 3a IIPOCKTHpPAHE, KaTo T€ ca OOMBJIHEHH C
NpWIaraHeTo Ha TEXHUKHW Ha U3KYCTBCHHS MHTEJICKT, B KOHTEKCTa Ha CJIOXKHU U JUHAMHYHO
IIPpOMCHAIIM C€ CUCTEMHU, KAKBUTO Ca CHJIOBUTE €JIEKTPOHHHU YCTpOﬁCTBa. rOpeI/ISJ'IO)KCHOTO
MH JJaBa OCHOBAHHME€ Ia HallpaBs 3aKJIKYECHUE, Y€ aABTOPBT UMa H06p0 pa36npaHe 3a TCKYIIOTO
CbCTOSIHUE Ha Hay4YHara npo6neMaTm<a B obOiactra Ha AuceprauusaTta H criocoOuTe 3a
TAXHOTO peIIaBaHe.

3. CboTBeTCTBHE HA n36paHaTa METOIMKA HA U3CJIeIBaAaHE H MOCTaBeHaTa
eI " 3a1a491 Ha JTUCEPTAMOHHHUSA TPy

Haii-o0mo ka3aHo 1eNnTa Ha JUCePTALMOHHUA TPYA €: PaspaboTBaHe W mpuiaraHe Ha
HOBH METOJIM W TEXHHKH 3a MOJAENHO Oa3MpaHO NPOEKTHpaHEe Ha CHJIOBH €JEKTPOHHU
YCTPOHCTBA, OCHOBaHH Ha M3MOJ3BAHETO Ha M3KYCTBEHHS HHTENIEKT, KOUTO JAa MOA0OPAT
XapaKTEePUCTHKUTE M [a TapaHTUpaT IOKAa3aTeJMTe Ha CHJIOBH EJICKTPOHHH yCTpoWcTBa. B
Ta3d BpB3KA Ca M 3aa4MTE, KOUTO MPOM3TMYAT OT Ta3M LEN: MHperjel W aHalu3 Ha
CBIIECTBYBALIUTE METOJOJIOTUH 32 MOJEIHO Oa3upaHO MpPOEKTHpPaHEe B KOHTEKCTAa Ha
HETOBOTO M3II0JI3BaHE B CHJIOBATa EJIEKTPOHMKA, W3IOJI3BAaHE Ha MOJEIH 3a ONMCAHUE Ha
pEaTHOTO TOBEICHUE HAa CWIIOBUTE €JIEKTPOHHHM YCTPOMCTBA; IMpWIIaraHe Ha pPalMOHAHH
METPOAMKH 3a TMPOCKTHPaHE 3a ONIpeleleHe Ha HAYaJHUT€ CTOMHOCTH  IIpH
ONTHUMHU3ALUOHHATE TNPOUEAYPH; H3IMOI3BAHE HAa HEBPOHHU MpPEXKH 3a IMPOEKTHpaHE Ha
CJICKTPOHHH TpeoOpasyBaTeNn; TECTBAHE M BAIMAWpaHe Ha [JM3aiiHa 4Ype3 CHMYJALMH H
CKCIICPUMEHTH; OLCHKA Ha €(EKTMBHOCTTA HAa MPEMIOKCHUTE MOAXOAU 3a MPOEKTUPAHE B
CPaBHEHHE CBC CBHIIECTBYBALIMTE. 3a HY)KIWTEe Ha H3CIEABAHETO Ca MPHIOKEHH CIEIHUTE
METOJOJIOTHYHH IOAXOAH: AHAJIUTHYHU METOAU 3a OINHCAHHE Ha OCHOBHH 3aBHCHUMOCTH H
B3aMMOBPB3KH B CHJIOBUTC CXEMH H 3a IPOBEXKIAHE HAa ONTHMH3ALUOHHH IPOLIELYPH;
KommioTepHO Mozenrpane ¥ CHMyJIalLHs 3@ MOJCIMpPaHe Ha yCTPOMCTBATa U IIPOBEXIaHe Ha
CHMYJIaLIMK ¥ aBTOMaTH3MPaHO NMPOCKTUPaHe; EKCriepuMEHTaNIHN MEeTOau 3a BalWAMpaHe Ha
NpEJIOKECHUTE METOAMKH 3a mpoekTupane M CpaBHHTENICH aHAINW3 3a CpPaBHEHHE Ha
pe3yiaTaTH OT CHMYJIAllH, IPOM3BOJUTENHOCT, TOYHOCT U €(PEKTHMBHOCT HAa METOJIMTE.
Cropen MeH aBTopa € NPMJIOKHI aJeKBaTHAa METOAMKA 3a M3CJIEABaHE 3a HYXKIUTE Ha
pa3paboTkara.

4. Hay4Hu u/niav HayYHONPHJIOKHH MPHHOCH HA TUCEPTANMOHHUS TPYA

[Ipuemam HambIHO aBTOPCKOTO BHXKZAAHE 3a Kiacupukauusta 1 GopMyIMpOBKaTa Ha
IIPUHOCUTE HA OUCEPTAUMOHHMA Tpyd. OCHOBHMA HaydeH MNPUHOC B H3CJIEABAHETO ca
00001IEHOTO pa3riekaaHe Ha ABa Kiaca CHIOBH e€J1eKTpOHHHM ycrpoiictBa; DC-DC u DC-AC
npeobpasysatenn. Ha Tasu 6a3a ca IONyYeHH pallMOHAJIHH METOAMKM 3a ITIPOEKTHPAHE,
JONBIHEHH C MOJENIHO-0a3HMpaHa ONTHUMHU3ALUS MO pedepeHTHa KpHBa KOETO € MHOTO
CBIIECTBEH HAYYHO-TIPUJIOKEH TNPUHOC. MHOro mnosie3HW 3a WHXKEHEpHATa MpakTHKa ca
TIpUJIOKHHTE TPHHOCH, KAaTO Hai-MHOBATMBEH € IPWJIAraHETO Ha HEBPOHHW MpEKH 3a
NIPOEKTHpaHEe Ha CHUJIOBH €JIEKTPOHHHM yCTpoHcTBa. KaTo MHOrO IMOJOXHUTEIHO OLIEHSABAM
M3M0JI3BAHETO Ha PE3yNITaTH OT AMCEPTALIMOHHHUTE HM3CIEABaHMsA, PH paboTaTa 10 IMPOEKTH



KbM  DoHJ Haqun HSCJ’IGI{B&HI/IH, Hauuonanen LHEHTBp II0 MEXAaTPpOHHKAa U YHCTHU
TCXHOJIOTUH U Jp.

S. Ilpenenka Ha My0JMKANMHUTE MO0 TUCEPTANNOHHUS TPy

Kem guceprammara ca mnpunokeHn 14 HayuyHu nyONnMKaUMM B CIHCAHHS U
KoH(pepeHIMH. BeuykuTe TOKIaan ca MHAEKCHPAHU B SCOpUS, a MO-TojIAMara 4acT OT TAX B
WoS. Muoro 1o6po BrneyaTiieHHe MH [IpaBH HAJIHYHETO HA CAMOCTOSATEIHH IyOIMKAlUK B
u3nanus ¢ [F B obmactra Ha mepBute kBapTiim Qlu Q2. OcHOBHHTE pe3ynTaTi OT paboTaTa
N0 TpyZAa ca myOIMKyBaHM B M3JaHHUs THII ,,0TBOPEH JOCTHI"., Ba)kHOCTTA M BB3JEHCTBHETO
Ha Te3M MyOJIMKaLMHU ce 0Ka3BaT M OT HAIPaBEeHUTE LIUTHPAHUS, KATO ABTOPBT € MPEACTABHII
B MaTEpHAJIMTE CaMO MaJIKa 4acT OT THX.

6. MHeHus1, IPeNOPBLKH U OeJIesKKH

Cunram, 4e MPEACTaBEHHMAT IUCEPTALMOHHUAT TPYA CBHAbpKA 3HAYMMH HAYYHH
pe3yJaTaTH, KOWTO IMpPEJACTaBsABaT INPUHOC B 00JacTTa Ha CUIOBaTa €JIEKTPOHHKAa M B
CHCTEMHTE C M3KYCTBEH MHTEJEKT. Te3u pe3yiraT ca 0e3CIOpHO MOCTHKEHHE KaHIuaara u
JaBaT eIMH HOB HECTAHJAPTEH IIOTVIE] M TPAKTOBKA HA Mpolleca Ha MPOEKTHPAHE Ha CHUIIOBH
eJICKTPOHHHU ycTpoicTBa. HamaMm chuiecTBeHH 3a0eekku KbM IpeacTaBeHaTa pabora. Kato
NIpENopbKa CYUTAM, Y€ OCHOBHHTE MOMEHTH OT TO3HM TPyZA Morar jAa 0baaT oOopMEHH KaTo
yueOHO momarajo M KHUra, 3a Ja Moxe fAa ObJe 3ambjiHEeHa ChLIECTBYBallaTa Npa3HUHA,
CBbp3aHa C M3IMOJI3BAHETO HA U3KYCTBEH WHTEJIEKT MPH MOACIHPAHETO M MPOCKTHPAHETO Ha
CHJIOBH €JIEKTPOHHH YCTPOWCTBA.

7. 3aK/1104eHue C SICHA MOJIOKUTETHA WJIH OTPHIATEIHA OLEHKA Ha
AUCEPTALNOHHUS TPYI

OuensiBamM BUCOKO pa3paboTeHus oT aow. A-p Hukonait XuHOB AuCEpTaLMOHEH TPy U
CBbP3aHUTC C HEr0 Hay4YHH, HAyYHO-NIPWIOKHU M NPUIOXKHHU NpuHocH. CyuTam, 4ye ca
HaIlbJIHO M3NIBIHEHH H3MCKBAaHUATA Ha 3aKOHA 3a pa3BUTHE Ha aKaJeMHUYHHS CBhCTaB B
PenyOnuka beirapus, [IpaBuiHuka 3a HeroBoTo npuiaraie U Ha [[paBUIHHK 3a yCIOBUATA
pena 3a npunoOuBaHe Ha Hay4yHu creneHH B TY-Codwusa. TopeusnoxkeHOTO MM JaBa
OCHOBaHHE 1a JaM IOJIOKMTEJHA OLEHKa 32 NMpeACTaBeHMs JMcepTAlHOHeH TPy U Ja
npenopbyaM Ha Hayunoro xypu na npucwsau Ha jou. a-p Hukonaii JlvoGocnaBoB XuHOB
HayyHata CTENeH ,JOKTOP Ha HaykuTe“ 10 npodecHoHaaHO HampaBieHue 5.3.
,»,KOMyHHKallMOHHA ¥ KOMIIOTbPHA TEXHUKA', HayYHa CIEUUATHOCT ,,CHCTEMH ¢ M3KYCTBEH
HUHTEJEKT .

02.09.2024
YJIEH HA HAYYHOTO XVYPH:
npod. a-p urx. Aumursp KapactosiHoB



STATEMENT

for a dissertation work to acquire a scientific degree "Doctor of Science" in a
professional field 5.3. "Communication and computer engineering", scientific
specialty "Systems with artificial intelligence".

Author of the D.Sc. dissertation: Associate Professor Ph.D. Nikolay
Lyuboslavov Hinov

Title of the D.Sc. thesis: Model-based design of power electronic devices

Member of the jury: prof. Ph.D. Eng. Dimitar Nedelchev Karastoyanov,
Institute of information and communication technologies — Bulgarian Academy
of Sciences, Sofia, Acad.G.Bontchev str., B1.2

1. Actuality of the problems in the D.Sc. thesis

Power electronics play a key role in a wide range of applications, from renewable
energy systems and electric vehicles to industrial technology, drives and consumer
electronics. With increasing attention to energy efficiency and carbon emissions reduction,
there is a need for new design methods to ensure more efficient and reliable operation of
power electronic devices. Model-based design allows the integration of different branches of
science such as electronics, electrical engineering, mathematics and informatics, which
promotes innovation and the development of new solutions. The ability to use and interact
with the achievements of these different fields is essential to progress in the design of power
electronic devices. Advances in computer technology and simulation software tools make it
possible to more realistically and accurately model power electronic devices. This greatly
improves the ability of engineers and designers to predict the behavior of devices under
different conditions and make the necessary adjustments already at the design stage. In this
aspect, the subject of the dissertation is relevant and useful.

2. Degree of knowledge of the state of the problem and creative
interpretation of the literary material

In the development of the dissertation, the author has presented an extensive and
thorough review of the existing literature on the subject, and on this basis, key challenges in
the design of power electronic devices have been identified. The limitations of the existing
classical design methods are determined, such as: lack of assessment for the tolerances of
circuit elements, the use of analytical ratios valid in an established mode of operation of the
devices, complex and time-consuming design methods, ending with an ambiguous
determination of the values of the circuit elements elements. In this sense, a creative use and



development of existing design methods has been made, supplementing them with the
application of artificial intelligence techniques, in the context of complex and dynamically
changing systems such as power electronic devices. The above gives me the basis to conclude
that the author has a good understanding of the current state of scientific issues in the field of
the dissertation and the ways to solve them.

3. Correspondence of the chosen research methodology and the set goal and
tasks of the dissertation work

Broadly speaking, the aim of the dissertation work is: Development and application of
new methods and techniques for model-based design of power electronic devices, based on
the use of artificial intelligence, to improve the characteristics and guarantee the performance
of power electronic devices. Related to this are the tasks that arise from this objective: review
and analysis of existing methodologies for model-based design in the context of its use in
power electronics; using models to describe the real behavior of power electronic devices;
application of rational design metrics to determine initial values in optimization procedures;
using neural networks to design electronic transducers; design testing and validation through
simulations and experiments; evaluating the effectiveness of proposed design approaches
compared to existing ones. For the needs of the research, the following methodological
approaches have been applied: Analytical methods for describing basic dependencies and
interrelationships in the power schemes and for carrying out optimization procedures;
computer modeling and simulation for device modeling and simulation and automated design;
Experimental methods for validating the proposed design methodologies and Comparative
analysis for comparison of simulation results, performance, accuracy and efficiency of the
methods. In my opinion, the author has applied an adequate research methodology for the
needs of the development.

4. Scientific and practical achievements in the D.Sc. thesis

[ fully accept the author's view on the classification and formulation of the
contributions of the dissertation work. The main scientific contribution of the study is the
summary consideration of two classes of power electronic devices; DC-DC and DC-AC
converters. On this basis, rational design methods have been obtained, supplemented with
model-based optimization along a reference curve, which is a very significant scientific-
applied contribution. Very useful for engineering practice are the applied contributions, the
most innovative being the application of neural networks for the design of power electronic
devices. I very positively appreciate the use of results from the dissertation research, in the
work on projects for the Scientific Research Fund, National Center for Mechatronics and
Clean Technologies, etc.

S. Assessment of dissertation publications
14 scientific publications in journals and conferences are attached to the dissertation.
All papers are indexed in Scopus, and most of them in WoS. I am very impressed by the



presence of independent publications in publications with IF in the area of the first quartiles
Q1 and Q2. The main results of the work are published in "open access" publications. The
importance and impact of these publications is also proven by the citations made, as the
author presented only a small part of them in the materials.

6. Opinions, recommendations and notes

[ believe that the presented dissertation contains significant scientific results that
represent a contribution to the field of power electronics and artificial intelligence systems.
These results are an indisputable achievement of the candidate and give a new non-standard
view and interpretation of the design process of power electronic devices. I have no
significant comments on the presented work. As a recommendation, [ believe that the main
points of this work can be shaped as a teaching aid and a book to fill the existing gap related
to the use of artificial intelligence in the modeling and design of advanced electronic devices.

7. Conclusion with a clear positive or negative evaluation of the dissertation
work

I highly appreciate the dissertation work developed by Assoc. prof. Dr. Nikolay Hinov
and the related scientific, scientific-applied and applied contributions. 1 believe that the
requirements of the Law on the Development of the Academic Staff in the Republic of
Bulgaria, the Regulations for its implementation and the Regulations for the conditions and
procedures for acquiring scientific degrees at TU-Sofia have been fully met. The above gives
me the reason to give a positive assessment of the presented dissertation work and to
recommend to the Scientific Jury to award Associate Professor Nikolay Lyuboslavov Hinov
the scientific degree "Doctor of Sciences" in professional direction 5.3. "Communication and
computer engineering", scientific specialty "Systems with artificial intelligence".

02.09.2024
Member of the jury:

Prof. Ph.D. Eng. Dimitar Karastoyanov



