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BBLPXY JHICCPTAIOHEH TPY/1 34 HpitoOMBate Ha 00Pa30BATCIIATA 1 Ay HHA C
“loxrop”

ABTOP Ha JHCCPTAHOHHAS TPY/1: Mal. HIK. Hikoaaii Baciies Hexosewn
Tewma na suicepranuorns Tpy/L "EaerTponin HpeodpasyBaATE AN ¢ HPIIOARCHIC BLE
Bb300HOBSICMI  H3TOUHIINT  HA creprust” 110 POPeCHONATHO panpasietie 3.2,
JEiekrporexunka.  CACKTPOHHKA. ARTOMOTHEA .  HAYHUHA  CHCHHAAHOCT L LUICKTpoliH
[peo0pasyBaTeii
Jlaa cTanoBHIIRTO! pod. ji-p nik. Hikoa Buues Koues. JLH.

1. Arya/aioct na paspadorsanisi B ‘UICCPTAIONIISE TPY,L HPODACM B HAYHIO 1

HAYUHO-HPIHIOKIN0 OTHOIIEHE:

AKTYQIHOCTTA HA TEMATd HA JICCPTalHOHHIA tpy Ha uik. Hukooiai HexoBern e
Ov;ui ChbMHEHHe. 3aloTo ¢ GE3CHOpPHO  M3HCKBAHETO 34 pasBHTHC 1 HPHIOAKCHHS  HA
CICKTPOLITHTE IPCOOPAsY BATC I 11PH BL300HOBICMHTES H3TOMHHILI HA CHCPrHA.

Pesyirratire 0T H3CIC/ BT 30 ChiaBaie NpeodpasyBaTE N ¢ IPHIOKCHIE BbE
BL300HOBSICMHTE H3TOMHHII Ha CIACKTPHUCCKA CHEPIHA MO3BOIABAT 1 €& HPLLI0/KAT HOBH
[O/INOSUE 1 CJACKTPOHHI CTPYKTYPH B TO3H MO/Y-1.

Jluceprainontara  pa3padoTRa - HpeICTaB bl HirTepecto  Hanpaieune i
CIICKTPOHHBAIATA HA CHCTCMITE 34 BL300HOBACM I H3TOUHHIN HA C/CKTPOCHepris.

2. [Mocrasen neJan i 3aaatdi:

[lerra. KOsTo 11peciie/1Ba JIHCCPTalThbT. ¢ [pe;ularatne Ha METodu 3a 11o,100psiBate
CHEPIHITHITE HOKA3ATC/ N 1 CICKTPOLHH [peoGpasyBatesii. paboTelin BbE oToBoIrTaniiy
CHCTEMIL. KOWTO HMAT JIOIBIHHTEICH CHEPIHCH H3TOHHHK,

30 noeTHraHe HA TA3H 1E €A HOCTABCHH HAKOIKO 3a/1atH. YHCTO H3IIbINCHHC 11
Hozuionortie tefinoro nocrurane: 1. O030p Ha CHUCCTBY BALIH PCUICHIS B HILIYCTPHATA T
CAKLE THIL CHETCME 1 TCXHITE PRI L PaduTd: 2 O000HABANC A TOKA3ATCIH 3d OICHKD
HoCpaBICHHC Hi HPeodpasy Bare:ai 3 NHOPIL U QOTOBOTTAHYHIL CHETENHI 3. Cunres iy
CIICKTPOHCH T1peodpasyBaTe:l Ha eHeprit 3d XHOpH,Ha POTOBOITANUHA CHETEMA. padoreut ¢
HaMaenn  koMyTaionnn  saryou: 4 MarteMarHueckn a3 Ha HPe/UIORCHIA
HpeoGpa3yBATE!T 3a H3BCACIAIC 3ABHCHMOCT HAUCKBAHHY KbM HCIOBOTO VIPABICHHC i
CpeTasie Ha CHMYJIAIHOHHH MO/1CIIH Ha CIICKTPOHCH HpeoOpa3yBAL 1 HEIOBATA CHCTCMU 34
yhpasictie 3a XuOpijicH HHBEPTOP: 6. EKCIepUMEHTAIHO  H3CIC/ABAIC.  CPABIABIIO

llpC,’l.'lO'/I\'\,llll'l'Ll cHCTeMa H KOMCPCHAIoO npe/riaraim peieH.



# e Ll
i ITMN 4

QOETT75-HC1-973

3, Crenen Ha IHo3HaBane ChLCTOSIHIICTO HaA llp()().'lc:“‘;l H Ha .'lll'{
‘ 4
|

Marepia:

[perie,tbT Ha CHHCHKA Ha H3I013BAHATa B AHCCP TalLHATa Teparypa. B
107 sarzaBis.  1OKasBa. He  JIHCCPTAHTLT - 1O3HABA nyoauKkannuTe B 00IacTTa Ha
CAICKTPOHIBAILTA HA HPCOOPA3YBATCIMTC. MO/ICTHPAHETO 1 HpaBH KPHTHYCH QN3
HELOCTATBILTE  HA  JIOCCTAlHHTE  Pa3padOTRH. Toli  noxassa  J100pa  lHrepatypiid
OCBEI0MEHOCT KATO KOPCKTHO IHTHPA JMTCPATYPHH WITOUHILI 34 14 o0ocHoBe H30paiLis
[10;1X0; 1 IPH pa3padoTKaTa.

MscsesBanusita 10 JIHCepTaiuiaTa ca  HpoBe/icHi B safoparopuiTe HA KaTe/1pa
_Cnrosa esexrponka ™ na TY — Codust.

4. CLOTBETCTBIIE HA I30PANATA METOIIKA HA I3C/¢IBAlC ¢ HOCTABCHITE HE1TH /1A
Ha JIHCCPTAIMOHIHSE TPY/L:

JUHCepTaTLT MCTOIMUCCKI HPABHIIO ¢ 30past Hal-Hanpet Jia pasric/i H3BeCTii
METOUH.  YCTPOICTBA M CHCTCMH.  H3HOI3BAHK 34 leanTe  Hd HPEOOPABY BAHCTO 1
CICKTPHUCCKATA CHEPIHS. KOHTO MOIaT Jla C¢ YUPaBIABal 3a /14 c¢ peHIAT 3 1AUHTC KOHTO
CTOAT B /IUCCPTALLASITA.

IlpeoGpasyBaHeto  HA  CHEPrHsTA ¢ OCHOBHO - H3HCKBALlE KbM  CICKTPOHHIS
npeoGpasysare:. Tpi H31013BANCTO HA CHEpridTa ce Haard ABOHNO  HPEOOpasy BuHe:
HOCTOSIHOTO  HAIPEKCHHe  11a  OatepusTa ¢ HCOOXO/MMO 14 Objle  peodpasyBaHo B
HPOMEILIHBO 30 CICKTPHUECKATA MPEa. & C/IE/L KOCTO ce Halara o0parHo 1peodpasysatic B
MocTosIHO. Hallpe/kenieTo OCBeH e ce H3IpaBs, ¢¢ HAMAIABA. oGnKHOBeHO 0T 230VAE
nait-uccro na 5. 12, 19V.

JlcepranThbT HPaBH aHajIn3 W TBLP/IH. He HPoOAEMBT ¢ OOMCHAHETO Hid PCAKTHEI
CHEPIHs ¢ CIACKTPOHPCHOCHATA MPEAKL CHUICCTBYBA B 1IPH H3MO3BANCTO  Ha XHOpHLCH
HHBEPTOP B CBETIATA HACT H ICHOHOLUICTO. HPH H3HOI3BANC HL Gl OT (poToBOITANYHI
nane. Toif npesictass exeMa Ha XHOpHIeH HIBCPTOP HL HALIPCAKCHHC. KOHTO MOKe [l
110;100pH epeKTHBHOCTTA 1IPH HPeodPasy BANCTO Ha chepritsita ot (OTOBOITAHYUCH H3TOULHIK
Ha CHeprist.

[osIyHeHHTe CKCIEPUMENTAIIH Pe3YITaTH HOTBLPZAABAT paboOTOCHOCOOHOCTTL 1Y
HPOCKTHPAIOTO  CXCMHO  PCLICHHE i JIBYHOCOHCH HpeodpasyBaTell 0T  HOCTOAIHO B
IOCTOSIHHO HAIIPEIKCHHE ¢ HAMAICHH KOMY TallHOHHA 3aryou.

JlicepTanThbT ¢ Pasrie/ il OCHOBHUTE  HPCU3BHKATEICTEL - KbM CICKTPOHIHTC

IIPL‘O()PLP;) BatTe/ i 1pH ChbXPAHCHNCTO H IlD\.‘O()PLI'%)‘BLIIlC'l‘L) Ha eueprs or (]J\)'l\)li\)ﬁll'LlH‘lIlll
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H3TOUHHILN Ha CHEePrus 1 ¢ HPCLTOZRHIT CXCM Ha .\ll()[')ll,'lCH HHBCPTOP Hd HAIIPCIRE ‘.

AHAT

110,100psiBa ¢PCKTHBHOCTTA 1PH 1IPEOOPA3YBANCTO HA CHEPIUATA . W%\
B e EER— . .'.,W
5. Hay4no-upu/aoAHI i HPHIOKII IPHHOCH HA /MICCPTATONIISTPY,1:

[o;ucpetisivt GOPMYIHPAHHTE OT [HCCPTANTA HPHHOCH. H I IPHEMAN B KUTCTOPHATY

HA HAYYHH H HAYUHO-TIPHIOKHH:

Hayumu npunocu
L Onpe;ieieHa ¢ PO IbIIKHTEIHOCTTA HA MBLPTBOTO BPEME BLB PYHKIS HA U3XO0/ LTS
KAIALATET HA CHIOBHTC TPAH3HCTOPH. H3IPAZKIALLIH  CIICKTPOHHI tpeoOpasyBatell.  Ha
OCHOBATA HA MATCMATHUYCCKH MO, 1€ IH.
2. HocTHriaTo ¢  ONTHMAIHO  YIPABICHHE Ha  CICKTPOHIHS  TPEOOPasyBuTe:l.
HAMAIABALLO KOMYTAIIHOHILITE 3aryOn HpH IPOLCCHTE HA IIPECBKAIOUBANC OT HOCTOAHEO 5
HOCTOSITHO HAPCKCHIC.

. § JloKasama ¢ MATeMATHUCCKATA 3aBHCHMOCT Hu HPC/aBaTe Hd PpyHKIHS Ha
HpeoGpasyBATE:Is M 3ABHCHMOCTTA MY OT  HPOILIKHTCHOCTTA 1 MLPTBOTO BpPeMC.
HAMA S BALTE KOMYTalHOHHATE 3aryOn:,

Hayuno-npi o 0 npil IO UpHioc
1 [pe;Lioskena ¢ cHeTeMa Ha XuOpH, et poToBOITan CH ipeodpasyBarel.
2. CpeTaBel € MoJeNl Ha 1peodpasyBate;l OT IOCTOSHHO B IOCTOSHHO HANPCIKCHIC ¢
HAM@ICHI KOMYTAlHOHHsE 3aryOn 1 HeroBaTa CHETEMA 3a ylIpaBIIeHice.
5 Ipeserasena 1 odocHoBajia ¢ padoTa B PEKAM Ha OTAaBdHC Hd CICKTPHUCCKRY
CHEPIHY B HPOMCHIHBOTOKOBATA MPCIKL. KAKTO 1 1IpH paboTa B PLKHM Ha H3HpaABITCT ¢
110,100pett QAKTOP Ha MOLLHOCT!
4. Ipe;Ltosell ¢ HPONOPIHOHATIO-PE3OHANCCH  PeryIaTop 32 KOHTPO-IHpAte i
CHEPIHSITA, OLIABANA B CICKTPHUCCRUTA MPLAKL. KUKTO H CHCTEMA 31 CAC LCHE HPH OTHa e
HA CACKTPOIPCHOCHATA MPCKA!
5. [o00penn ca eheKTHBHOCTTA H PUKTOPLT HA MOULHOCT HPH MAIKA ROHCY MUl OF
NHOPILULATA CHCTEMA. HPe3 J00aBSHETO HA HHCKOBOITOBA HOCTOAHIOTOROBA LTI
0. L RCHCPHMEHTAIHO Ci H3CIEBANN CPERTHBHOCTTA 1 KAUCCTBOTO HA CICKTPHACCRATY
eHepris W ¢ oleHer (PaKTOPBLT HA MOULHOCT HA PA3IHUI KOMCPCHATHH QoroBoTaNI
HHBEPTOPH HIPH MAJIKH HATOBAPBAHUSL
7. Jlehuunpanu  ca peskAMu  na padora Ha npeodpasyBareis Mo cpaBHende  Ha
KOCQUICHTH T 04310 CHICTBIC HPH BCCKH PRI 1T paduTa.

6. Ouenica Ha ¢remenra ma JHianoro YUACTHC Ha Jueepranra B HPHHOCHTC:

w



."--.--q sl Ty

@EIT/o-HC1-073

(&3
~ w2,
PA3PAVOTRHTC. U Hpe/ eraBiaieTo  Ha pesy.rrariare B HSIKOJIKO  HANUHH (])\)P_\ M JTORES

AKTHBHOTO MY IPHCBLCTBHE B HAY UHHS KHBOT Hil KATC/IPATA HHA YHHBCPCHTCTY.
7 . lpenenka na nyo. IKANHATE 10 JNCEPTAUMOHIITS TPY.L:

HyOmmkaiginre ca 3 Ha Opofi. 0T KOHTO 1 caMOCTOSITC/IHA, W HPHEMAM. Ue 1¢
OTPA3ABAT OCHOBHITE HACTH HA Pa3padOTKATA 11O /IHCCPTAILIATA.

Moske J1a ¢e HPHEME. He PE3y.JITaTHTe OT JICCPTAHATA ¢ HO3HATH HA HayuHaTd
OOIHOCT Y Hac H B uy:KOHHA, Tl KarTo ca BKIOUCHH B HAYHHH  H31aHHe - Hd
MEZK LY HAPO,UHTE KOH(PCPCHIHH 110 CACKTPOHH3ALIS.

Flstatant 00U 1Y O/IHKALHH ¢ JHCCPTAUITA H HE ChM CBLP3ANO JIHILE ¢ HETO 110 CMACD- 1
na naparpad 1.1, 3 o1 JIOnLInaTennTe pasiope;on 1na 3PACPD.

He ¢bM OTKPIIT CICMCHTH Ha IIArHATCTBO B JIHCCPTALIHATA.

12. 3ar.noueniie:

OLensiBAM 110, 10/KITE N0 ARTY A AL XAPARTEP M PE3y.I1arire o1 paspadornaia
na ucepranponms  Tpyd ma k. Hukooaii  Baciwies HexoBewn  ma TeMa:
"EdexTpodiin npeodpasysareiin ¢ HPILIOMRenne BbB Bb300HOBSICMH H3ITOUHII 12
eneprusi” 1o npodecnonaano nanpasaenne S.2. » JERTPOTEXHIKA, €JICKTPOHIKG,
ABTOMATIRA”, Hayuua crennaanoct ,Eaexrponnn upeodpasyBare ™ 0 upeLiaram na
Hayumoro sy pu 1 npies,un na piek. Huroaail Baciies Hexoserxi odpaszoBare/ara i

nayuna crenen *Joxrop”. )

Cousi. Lo ute: (7?)

10.06.2025r [pog. /i-p iz, Hukodaa Kodes. Ju.

| Ty-coouA |
| QETT ]
' BAPHO C OPUTUHANA|
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OPINION

on a dissertation for the Education and Science Degree ~“Doctor™

Author of the dissertation. Mag. Eng. Nikolay Vassilev Nehovski

gy sources’”

o

Dissertation topic: “Electronic converters with application in renewable ener
Gave the opinion. Prof. Dr. Eng. Nikola Vichev Kolev. Dr. Sci.
1. Relevance of the problem developed in the dissertation in scientific and applied terms:

The relevance of the topic of the dissertation of Eng. The relevance of the topic of
Nikolay Nekhovsky's dissertation is not in doubt because of the undeniable requirement for

the development and application of electronic converters in renewable energy sources.

The results of the research on creating converters with application in renew able
sources ol electrical energy allow to propose new approaches and clectronic structures in this

module.

The dissertation work represents an interesting direction of the electronization of

renewable electricity systems.
2. Aims and Objectives:

The aim pursued by the dissertation is 10 propose methods to improve the energy
performance of electronic converters operating in photovoltaic systems that have an additional

energy souree.

In order to fulfill the defined objective. the dissertation has set several more important
tasks. including: 1. Review ol existing solutions in the industry ol this type ol systems and
their modes of operation: 2. Generalization of metrics for evaluation and comparison of
converters for hybrid PV systems: 3. Synthesis of an electronic power converter for a hybrid
PV system operating with reduced switching losses: 4. Mathematical analysis ol the proposed
converter to derive dependencies and requirements for its control: 5. Compilation of
simulation models of an electronic converter and its control system for a hybrid inverter: 0.

Experimental study comparing the proposed system and commercially available solutions.

3. Degree of knowledge of the state of the problem and the literature:

A review of the list of literature used in this dissertation. which includes 107 titles.
shows that the author is familiar with the publications in the field of transducer
clectronisation. modeling. and critically analyzes the shortcomings of previous works. He
shows u good literature awareness by correctly citing literature sources 10 justity the chosen
development approach.

The dissertation research was carried out in the laboratories of the Department of

Power Lilectronics of TU - Solia.
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4. Conformity of the chosen research methodology with the stated a
objeetives of the dissertation:

QG 0
devices and systems used for the purpose of electrical energy conversion, which Ca
managed to solve the problems that stand in the dissertation.

Lnergy conversion is a basic requirement of an electronic converter. In the use of
energy. a double conversion is required: the constant voltage of the battery needs 0 be
converted to alternating for the grid. and then the conversion back to constant is required. The
voltage. in addition to being rectified. is reduced. usually from 230VAC most ofien to 5. 12.
19V.

The dissertation analyses and argues that the problem of reactive power exchunge with
the grid also exists when using a hybrid inverter during daylight hours. when using power
from photovoltaic panels. It presents a schematic ol a hybrid voltage inverter thut can mproyve
the efficiency in converting energy from a PV power source.

The experimental results obtained confirm the workability of the designed circuit
solution of bidirectional de-de converter with reduced switching losses.

Ihe dissertant has addressed the main challenges to electronic converters i the
storage and conversion ol energy from photovoltaic power sources and has proposed a hy brid
voltage inverter scheme that improves the efticiency in energy conversion,

5. Scientific and applied contributions of the dissertation:

I support the contributions formulated by the dissertant. and accept them in the
category of scientific and applied:

Scientific contributions:

I [ he dead tme duration as a lunction ol the output capacitance ol the power

transistors constituting the electronic converter has been determined on the basis of

mathematical models.

2. Optimal control of the electronic converter is achieved. reducing switching
losses in the DC-DC switching processes.

3. Ihe mathematical dependence of the converter transler function und its

dependence on the duration ol dead time. reducing switching losses: 1s proved.
Scientific and applied contributions:

1. A hybrid photovoltaic converter system is proposed.

p A model of a DC-DC converter with reduced switching losses and its control

system is constructed:

5, The operation in the AC grid power supply mode as well as in the rectifier

mode with improved power factor is presented and justified:

4. A proportional-resonant controller is proposed to control the energy fed into

the power grid. and a monitoring system is proposed to monitor the power grid failure:

8 Lhe efficiency and small power tactor of the hybrid system are improved by

adding a low voltage DC bus:

0. Experimentally investigated the efficiency and power quality and evaluated the

power lactor of different commercial PV inverters at small loads:

() Inverter operating modes and comparison of the efficiency at cach operating

mode have been delined.



r'*"‘""‘“'-_‘- EEmMm A
\- milblie u_-.«J —@73

contributions: "\_*

I do not know personally Eng. Nikolay Nekhovsky. but from what I have ré {ft‘*
thesis | assess that the author is proficient in the analysis. modelling and experiments
developments. and the presentation of the results in several scientific forums proves his active
presence in the scientific life of the department and the university.

7 . Assessment of publications on the dissertation:

The publications are 3 in number. 1 of them independent. and I assume that they
reflect the main parts of the dissertation development.

It can be assumed that the results of the dissertation are known to the scientific
community at home and abroad. as they have been included in scientific publications of
international conferences on clectronization.

[ have no publications in common with the dissertation and am not related to the

dissertation within the meaning of paragraph 1. item 3 of the Additional Provisions ol

the Scientific Low.

[ have found no elements ol plagiarism in the thesis.

8. Conclusion:

[ positively evaluate the topical character and the results of the development of
the dissertation of Eng. Nikolay Vassilev Nekhovski on the topic “Electronic
converters with application in renewable energy sources™ and and I propose to the
Scientific Jury to make a decision to award Nikolay Vassilev Nekhovski the

cducational and scientific degree "Doctor™.

Sofia Signed: (/Vl)

10.06.2025 Prot. Dr. Ling. Nikola Kolev. Ph.
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