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CTAHOBHUINE

BBLPXY AHCEPTALMOHEH TPY 32 NPUI00GHBaHEe HA HAYYHA CTeleH ,,JOKTOP*

AgTop Ha auceprauoHHus Tpya: AUMHTHP HUKOJIAEB LIBETAHOB

Tema Ha AucepTaLMOHHUS TPYL:
KAUYECTBO HA EJIEKTPOEHEPT'USITA BABTOHOMHU
EJJEKTPOEHEPITMAHU CUCTEMU METOAU U CPEACTBA 3A HETOBOTO
NMOJAOBPEHUE

M3roTBUII CTAHOBHILIETO: A0U. A-p HHK. MIJIEH BOHEB BOHEB,
BBMY H.M.Banuapos
3anosen NelIC-15 or 30.01.2023 r. Ha HavanHuka na BBMY
.Hukona M. Banuapos®, pnotunen aqmupan npod. 1.8.H. bosH Meanukapos

1. AKTyaJHOCT Ha pa3paGoTBaHus B AHCEPTALHOHHHUSA TPy npob.iem.

CbBpeMEHHUTE aBTOHOMHHU €JIeKTPUUYECKU CUCTEMHU, HapU4YaHH OLLe MUKPOMPEXH, U
B YaCTHOCT KOpaOHHTE eJeKTPOCHEPTHilH CUCTEMH MPHUTEKABAT MPOM3BOJIHA TOMOJNOTUs Ha
pasmnpeeuTeHATA MpekKa M MPOM3BOJIEH ChCTaB Ha eneMeHTUTe. TakuBa eIeKTPOCHEePrHitHU
CHUCTEMH MPUTEKABAT CJIEJHUTE OCOOEHOCTH: OrpaHM4Y€eHa reHepupalla MOILHOCT; ChU3MepH-
MOCT 110 MOLIHOCT Ha FeHEepPaTOpUTe U MOILIHUTE KOHCYMaTOpH; HEMOCTOSHHU MapaMeTpu Ha
peXXMMUTE Ha paboTa; ChbU3MEPUMOCT HAa MEXaHHYHUTE M €IeKTPOMArHUTHUTE BPEMEKOHC-
TAaHTH Ha eJeMeHTHTe. HapacTBalmoTo M3no3BaHe Ha CHIIOBH €1€KTPOHHU YCTPOHCTBA B KOpao-
HHUTE eIeKTPOEHEPrHiHN CUCTEeMH BCE MOBEYE BJIMsAe BbPXY KayeCTBOTO Ha €IEKTpUYECKaTa eHep-
rust. HamuuueTo Ha XapMOHHMLM MOJKE /1a JI0Be/ie 10 Pa3IMuHHU NPo0IeMu CBbP3aHH ¢ Ka4eCTBOTO
Ha eJeKTpUUECKaTa eHeprus KaTo: yBENMYEHH eHepruiiHu 3aryOu, MoBpeiH B €EKTPHYECKOTO
obopy/iBaHe, MperpsiBaHe, HapylleHa paboTa Ha W3MepBaTe/iHaTa M 3allMTHA anapaTypa, Heusn-
PaBHOCTH MpHU 0GOPYABAHETO 3a KOHTPOJ M KOMyHHKauus u Ap. Bee noseue ce myONMKUKyBaT Ha-
YHHH TPy/IOBE, LALLM PAa3BUTHETO W ONTHMHU3MPAHETO HA MPUHLMIA HAa PabOTa U METOAUTE 33
KOHTPOJI KaKTO Ha MHMBHIyalHHTE M CHCTEMHH CPEJCTBA 33 MOJOOPEHHE Ha Ka4eCTBOTO HA
e/IeKTPOEHEPTHATa, TaKa U B YACTHOCT Ha MOJTYNPOBOJAHUKOBHTE YCTPOHCTBA 3a npeobpasyBaHe
Ha eleKTpoeHeprus. Bb3 0CHOBA Ha rOPeM3/I0KEHOTO CUMTAM, Y€ TeMara Ha AUCepTallMOHHHA
TPy , KAKTO U MOCTABEHUTE LU U 3a/1a4i 3a aKTyaHH.

2. [Mo3HaBa JIH AMCEPTAHTHT CHCTOSIHUETO HA NMpodJeMa 1 OLleHsBA JIH
TBOPYECKH JIMTEPATYPHHSI MaTepuan?

B nucepTauvoHHUs TPY/ € M3I0JI3BaHa JUTepaTypa ChCTosla ce oT 326 U3TOYHHUKA
(283 xBbM aucepTauMATa U 43 KbM MPUIOKEHHUATA), OT KOUTO 40 Ha KMpUJIMLA, @ OCTAHAJIMTE Ha
natuania. CIUChKBT HA W3MON3BAHATA JMTEpaTypa BKIIOYBA OCHOBHHTE MOHOrpauu, Iu-
CepTalLuu, CTAaTUU M CTaHIapTH, CBbP3aHU C U3CJIEIBAHETO U pa3paboTBaHETO Ha MPoOJIeMHTE
3acerHaTu B auceprauusta. [locoueHaTa nuTepaTypa o0XBaila HaMmbjJIHO BHIPOCUTE U M3HCK-
BAHUSTA OTHOCHO KaueCTBOTO Ha eJeKTpUUYecKaTa eHeprusi B aBTOHOMHH €JIEKTPOeHEepruiiHu
CHCTEMM, KAKTO M METOJMTE M CPeCTBATA 32 HErOBOTO Moao0peHune. LINTHpaHeTo Ha U3MoI3-
BaHaTa JMTEpaTypa MOKa3Ba, Ye JOKTOPAHTHT € 3alo3HaT C MOCTHXCHUATA B M3C/IC/BaHATA



00J1acT U e crnocobeH TBOPYECKHU Jla OLECHsABA U W3I10JI13Ba JTUTEPATYPHU M3TOYHULM. B 3akiro-
YyeHue, CYUuTaM Y€ JOKTOPAHTBHT ILHMI/IT'bp Hukonaes I_lBeTaHOB € HaIl'bJIHO KOMIIETEHTCH B
npeaMeTHara obJact Ha AUCEPTALLMOHHHUA TPY .

3. I36panaTa MeTOAMKA HA H3CJIeABaAHe MOJKe JIH /1a 1ajie OTrOBOP Ha
MOCTABEHATA LeJ M 32124 HA IHCePTALHOHHUSA TPya?

M3nos3BaHKuTe B AMCEPTALIMOHHKS TPYA METOIM 3@ M3C/e/IBaHe, aHAIM3 M OLICHKA Ha
MoKa3aTeauTe Ha eJIeKTPHYECKA eHeprisi B aBTOHOMHH €JIeKTPOeHEPruiHI CUCTEMH T03BOJIS-
BaT M3MBJIHEHUETO Ha MOCTABEHMTE Lielu. PeanusupaHu ca u3ciepaHus Ha 0a3ara Ha [Ba
METO0/Ia: Upe3 CUMYyJIallis Ha MPOoLeCHTe B KOPAaOHUTE eeKTPOEHEPTUiiHH CHCTEMH MOCPEeICT-
BOM M3MOJI3BAHETO HA MaTeMaTM4YeCKO MOJETMpaHe; KaKTO U 4Ype3 MpOBEkKIaHe Ha eKCrepH-
MEHTH, u3non3Baiiku (usudyecky makeT. Ha Ga3zara Ha M3MOJI3BaHUSA MaTeMaTU4YeCKU MOJEI
ype3 CUMyJIALlMU € U3CJIeBAaHO M3IMONI3BAHETO HAa MHIMBHMIYAIHU M CHCTEMHU CPEICTBA 3a M0-
N06psAiBaHe HAa KAYeCTBOTO HA €JeKTPOEHEPrusTa Npu pas/IuyHH MO0 BHA CMYIICHUS W NPUH-
LM Ha ynpasieHue. PesynTaTd oT M3cie[BaHMATA MPOBENEHHM C MOMOWITA HA (PU3HYECKH
MakeT J0Ka3BaT e()eKTHBHOCTTA U MPHIOKUMOCTTA Ha U3M0JI3BaHKsl MaTeMaTHYECKH MOJIeN 1
MOTBBPIKIAABAT Pe3yNTaTUTE MOTyUEHU OT CUMYIALMUTE.

Ipensua dakra, e ronsMara 4acT OT U3MON3BAHMTE MOAXOI, METOIH M CPE/CTBA 32
peliaBaHe Ha MOCTABEHUTE 3a1auM, KAKTO M MOCTMrHATUTE pe3ysiTaTh ca MyOanKyBaHU W Lu-
THpaHH B CBETOBHHMTE Hay4yHH Gasu nauuu (Scopus, Web of Science) cuutam, ye nocoueHunre
M B IMCEPTALMOHHUS TPY €A U3IIbJIHEHH.

4. B KaKBO ce 3aK/JII0YaBAT HAYYHHUTE WJIH HAYYHO-NPHIOKHUTE NPHHOCH
Ha JMcepTAlHOHHHS TpyA?

I/I3pa3ﬂBaM chIylacue C MOCOYEHUTE OT AucepTaHTa B AUCEPTALMOHHUS TPYI NpETEH-
MU 3a HAYYHU U HAYy4YHO-TIPUJIOKHH MPUHOCH, KaTo CUMTaM, Y€ Hal-ChLIECTBEHM OT TAX Ca:

- Cb3JaJ€HU ca HOBU MaTeMaTH4Y€CKH MOJECIIHA Ha KOpaGHl/I eneKTpoeHepmﬁHu CHc-
TEMH U MMO-CMELMAIIHO TAKWBa ¢ pa3npeaeuTe/IHa MpeKa Ha MOCTOSAHEH TOK;

N MOCPeICTBOM MaTEMAaTHYECKUTE MOJIENIM Ca U3CJIeBaHU pa3jIMu4yHU PEXUMH Ha pa-
00Ta HA aBTOHOMHH CHCKTpOCHepFHﬁHI/l CUCTEMH U IMOKa3aTeJIMTE HAa Ka4Y€CTBOTO
Ha €JICKTPOCHEPIrusiTa;

- HW3CJIEIBAHU Ca pa3IMYHU METOAU U CPEeACTBa 3a HOHOGPCHI/IC Ha Ka4YeCTBOTO Ha
€JIEKTpOECHEeprusaTa B aBTOHOMHU eneKTpoeHepmﬁHu CUCTEMH.

anHOCH OT MPUJIOKEH XapaKTep:

= U3cJieBaHe HAa KAYeCTBOTO Ha €JICKTPOCHEPTrUsiTa B AaBTOHOMHH eneKTpoeHepruﬁ-
HU CUCTEMH, MOCPEACTBOM (1)14314‘1301(” MAKET U aJJ€KBAaTHU TEXHUYECKH CpEACTBa
3a aHAJIu3 U OLICHKA.

Ha)“{HPlTC 1 HAYy4HO - MPUJIOKHHUTE MPUHOCHU Ha JUCEpPTALlMOHHHUA TPy Cca 3HA4YUMHU 3a
CbOTBETHATa HAy1Ha obJact u MpaKTHUKa.



5. PesyaraTure o1 AHCEPTALHOHHHSA TPYA H3I0/I3BAHM JIH €A Beve B
HAYYHATA H couuaHaTa npaktuka? Mma i nocTuruar npsx
HKOHOMHYeckH edext u np.”?

Peanusupanure puznyeckuTe MaKeTH ce M3Moa3Bar 3a 1abopaTopHH YIIpaKHEHUs Ha
CTYAEHTHTE OT cneumanHoct Enexkrpood3asexiane Ha kopada. Ch3aaieHHTe MaTeMaTHYeCKH
MO/I€IM Ha KOpaOHM eIEKTPOCHEPIrMHHA CHCTEMN M CHMYJIALMUTE CBBHP3aHH C TAX CE H3MO3-
BaT B y4eOHus npouec no aucuuniivnara ,,KopaGHu eleKTpOeHEPrHitHH CUCTEMU™ U MpH
pazpaboTkaTta Ha AMIUIOMHH paboTH.

6. MoTHBHPaHH HPENOPbKH 32 ObACHI0 H3I10/I3BAHE HA HAYYHUTE H
HAYYHO-TIPHI0KHHTE NPHHOCH: KAKBO H Kb/1e 1a ce BHeapu?

[IpeanoxkenuTe B AMCEPTALMOHHHS TPY/L MATEMATHYECKU MOJCIH UMAT YHUBEPCAICH
XapakTep, 3aKj1l04Ball ¢ BbB Bb3MOKHOCTTA 3@ M3MOA3BAHE UM MPH aBTOHOMHH €JIEKTpoe-
HEPrUHHH CUCTEMHM C Pa3/IMuEH ChCTAB, TOMOIOTUS U pekuM Ha padora. [Topaau Tazu npuyn-
Ha MaTeMATUYECKH MOZEIM Morar aa ObJar H3MO/A3BAHM 3@ W3C/IEABAHE HA JPYIH BHAOBE
ABTOHOMHH €JIEKTPOCHEPIrHIHN CHCTEMM MM CUCTEMHM TakuBa.

Ha Gazata Ha noiny4eHHTe pe3y/TaTh OT NPOBEACHHTE CUMYJALMH 3@ M3C/e/ABaHe U
noaoOpsBaHe Ha Ka4YeCTBOTO HA €NIEKTPUYECKaTa EHEPrus B aBTOHOMHM €JICKTPOCHEepPruiiHU
CHCTEMH, MOraT Ja ObAaTr J0pa3sBUTH M M3CAEABAHM PA3IMYHU HAYUHU W TEXHOJOTHYHH pe-
LICHHS 32 MPOEKTHUPAHE H KOHTPOJI Ha MH/IMBH/IYATHUTE U CUCTEMH CPE/ICTBA 3a NoA00psBaHe
Ha KaueCTBOTO Ha €EKTPHYECKATA eHEepIus.

7. 3akiroueHue ¢ ICHO CTAHOBHIIE /1A C€ /1a/le HIH He Hay4Ha CTeHeH.

CumntaMm, 4ye pa3paboTeHUsl AUCCPTALMOHEH TPYI ChAbpKA HAYYHH H NPHIOKHH NPH-
HOCH, HEOOXOAMMH 3a NPUJIO0MBAHE HA HAYUHH CTENeHH. JlncepraumsTa oTroBaps Ha H3HCK-
BaHMATAa Ha ,3akoHa 3a pa3BUTHE HA aKaaemMuyHus cbctaB B PenyOiamka bbarapus™
(BPACPB), ,.IlpaBuinuka 3a npuiaraHeTo Ha 3aKOHA 33 PA3BUTHETO HA AKAJEMUUYHUS CHCTAB
B Peny6auka bwarapus®™ (ITTI3PACPB) u ,.3akona 3a Buciueto odpazosanue™ (3BO). Uzpass-
BaM MOJOKHTEIHO CTAHOBMILE OTHOCHO padoTata Ha AMCEpPTaHTa W NPEACTABEHHS OT HEro
aucepraLMoHeH TpyaA. B Ta3u Bpb3ka npeaiaraM yBaXaeMOTO HAyYHO JKYPH Aa MpPHCHIH
obpasoatesnnara U HayuHa creneH JIOKTOP wa Jlumutbp Hukonaes Liseratos B o6aact Ha
BucLIeTO oOpasoBaHue: TexHHUECKH HayKu, npodecHOHaIHO HanpasieHue: TpaHcnopr, Ko-
paboruiapaHe u aBuallus, AOKTOpaHTCKa nporpama: EnextpocHabasBane U eneKTpood3aBek-
[laHe no orpaciu (Ha Kkopada).
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STATEMENT

on a dissertation work for the acquisition of an educational and scientific degree
"doctor"
Author of the dissertation: DIMITAR NIKOLAEV TSVETANOV

Dissertation topic:
POWER QUALITY IN AUTONOMOUS POWER SYSTEMS: METHODS

AND MEANS FOR ITS IMPROVEMENT

Prepared the statement: Associate Professor, Dr. Eng., MILEN BONEV BONEV,
Naval Academy ""Nikola Yonkov Vaptsarov' Varna
according to Order No. T1C-15/30.01.2023. of the Head of Naval Academy "Nikola Yonkov
Vaptsarov" Varna, fleet admiral prof. Boyan Mednikarov

1. Actuality of the problem developed in the dissertation.

Modern autonomous electrical systems, also called microgrids, and in particular
marine power systems, have an arbitrary topology of the distribution network and an arbitrary
composition of elements. Such power systems have the following characteristics: limited
generating power; power commensurability of generators and power consumers; non-constant
operating mode parameters; commensurability of the mechanical and electromagnetic time
constants of the elements. The increasing use of power electronic devices in marine power
systems is increasingly affecting the quality of electrical power. The presence of harmonics can
lead to various problems related to the quality of electrical energy such as: increased energy
losses, damage to electrical equipment, overheating, impaired operation of measuring and
protective equipment, malfunctions in control and communication equipment, etc. More and
more scientific works are being published, aimed at the development and optimization of the
principle of operation and control methods of both individual and system means for improving
the quality of electricity, and in particular semiconductor devices for converting electricity.
Based on the above, 1 consider the topic of the dissertation work, as well as the set goals and
tasks to be relevant.

2. Does the dissertation student know the state of the problem and
creatively evaluate the literary material?

The dissertation used literature consisting of 326 sources (283 for the dissertation and
43 for the appendices), of which 40 are in Cyrillic and the rest are in Latin. The list of used
literature includes the main monographs, dissertations, articles, and standards related to the
research and development of the problems addressed in the dissertation. The indicated literature
fully covers the issues and requirements regarding the quality of electrical energy in
autonomous power systems, as well as the methods and means for its improvement. Citation of
the literature used shows that the doctoral student is familiar with the achievements in the
researched field and is able to creatively evaluate and use literary sources. In conclusion, I
believe that the doctoral student Dimitar Nikolaev Tsvetanov is fully competent in the subject
area of the dissertation work.



3. Does the dissertation student know the state of the problem and
creatively evaluate literary material?

The methods used in the dissertation for research, analysis and evaluation of the
indicators of electric energy in autonomous electric power systems enable the fulfillment of the
set goals. Research has been carried out on the basis of two methods: by simulating the
processes in the ship's electrical power systems through the use of mathematical modeling; as
well as by conducting experiments using a physical mock-up. On the basis of the used
mathematical model, the use of individual and system means to improve the quality of
electricity with different types of disturbances and control principles has been studied through
simulations. Results of research carried out using a physical model prove the effectiveness and
applicability of the used mathematical model and confirm the results obtained from the
simulations.

Given the fact that the majority of the used approach, methods and tools for solving
the set tasks, as well as the achieved results, have been published and cited in the world's
scientific databases (Scopus, Web of Science), I consider that the stated goals in the dissertation
have been fulfilled.

4. What are the scientific or scientifically applicable contributions of the
dissertation work?

I agree with the claims for scientific and scientific-applied contributions specified by
the dissertationer in the dissertation work, considering that the most essential of them are:

- new mathematical models of ship power systems and in particular those with a direct
current distribution network were created;

- by means of mathematical models, different modes of operation of autonomous
electricity systems and the indicators of the quality of electricity were investigated;

- various methods and means for improving the quality of electricity in autonomous
power systems have been studied.

Contributions of an applicable nature:

- study of the quality of electricity in autonomous electricity systems, by means ofa
physical model and adequate technical means for analysis and evaluation.

The scientific and scientific - applied contributions of the dissertation work are
significant for the relevant scientific field and practice.

5. Are the results of the dissertation already used in scientific and social
practice? Has there been a direct economic effect, etc.?

The realized physical mock-ups are used for laboratory exercises of the students of the
Electrical equipment of the ship. The created mathematical models of ship power systems and
the simulations related to them are used in the educational process of the discipline "Ship power
systems" and in the development of theses.



6. Reasoned recommendations for future use of scientific and scientific-
applied contributions: what and where to implement??

The mathematical models proposed in the dissertation have a universal character,
resulting in the possibility of their use in autonomous power systems with different
composition, topology and mode of operation. For this reason, mathematical models can be
used to study other types of autonomous power systems or system ones.

On the basis of the results obtained from the conducted simulations for the study and
improvement of the quality of electric energy in autonomous electric power systems, various
scientific and technological solutions for the design and control of individual and system means
for improving the quality of electric energy can be further developed and studied.

7. Conclusion with a clear opinion on whether or not to grant a scientific
degree.

[ believe that the dissertation work developed contains scientific and applied
contributions necessary for the acquisition of scientific degrees. The dissertation complies with
the requirements of the "Law on the Development of the Academic Staff in the Republic of
Bulgaria", the "Regulations for the Implementation of the Law on the Development of the
Academic Staff in the Republic of Bulgaria" and the "Law on Higher Education" . I express a
positive opinion regarding the work of the dissertation student and the dissertation work
presented by him. In this regard, 1 propose that the esteemed scientific jury award the
educational and scientific degree DOCTOR to Dimitar Nikolaev Tsvetanov in the field of
higher education: Technical sciences, professional field: Transport, shipping and aviation,
doctoral program: Power supply and electrical equipment by industry (on the ship).

24.02.2023

Prepared the statement:
(Assoc. Prof. Dr. Eng., M.B. Bonev)



