CTAHOBHUHIIE
ot pou. a-p UBan Xpuctos benoes

Ha IUCEPTAOHEH TPy Ha TeMa:

KAYECTBO HA EJEKTPOEHEPI'USITA B ABTOHOMHU
EJEKTPOEHEPTUIHU CUCTEMW: METO/IM 1 CPEJICTBA 3A HEI'OBOTO
INOJOBPEHHE

¢ aprop Humutbp Hukomnaes I{Beranon

3a NIpUCHXKIaHe Ha 0Opa3oBaTeIHaTa ¥ HayIHa cTeneH “J[0OKTop™ B ChOTBETCTBHE ¢ Pemenue
Ha Hay4noTo XypH, yTBEpaeHo ¢be 3amoBex Ne I[1IC — 15 or 30.01.2023r. Ha Hauanauka Ha
BBMY , . Huxona Monkor Banapos® — rp. Bapua

no IIpodecuonanno nanpasienie: TpaHCIOPT, KOpaGOIUIABAHE W ABHALIUS
Hokropcka nporpama: EnexrpocHabnsaBare u enekrpoob3asexaade (10 0Tpaciu)

Ynen Ha HayqHOTO XXypH: o1 a-p Msan Xpuctos Benoes,
Pycenckn yHuBepcurer ,,Auren Keuues“ — rp. Pyce

1.06mo onmcaHHe Ha JUCEPTANMOHHHS TPyl H MNPHIOKEHHTe KbM Hero
MaTepHaIn

HuceprannonsusT Tpyx Ha Jumutsp Huxonaes I[seranoB na Tema ,,KauecTBo Ha
€JIEKTPOEHEPIUSATA B ABTOHOMHHU €IICKTPOSHEPIHMHU CHCTEMH: METOIHU U CPEICTBA 32 HETOBOTO
noxoopeHue” 3a NPHCHKIaHe Ha 00pa3oBaTeHaTa U HaydHa CTelleH ,,JIokTop® € B 06em ot 234
CTPAHHMIE OCHOBEH TEKCT M 92 CTPaHHUIIN IPHIIOKEHHUS, KOUTO Ca PA3IOI0KCHH B OTAEICH TOM.

Jucepranusata chabpxa Boeenenwe, uwerupu [aBu, 3axmouenue, IIpuHOCH 110
IUCEPTAlMOHHUS TpyA, llyOnukanuu mo mucepramuoHHUS Tpyd, CHOECHK Ha M3IO/I3BaHATA
matepatrypa | [IpumoxKeHs.

Cpappikanuero Ha INIABHTE € paslpesieNieHo B OTAeNHH maparpadu. Beska riasa
3aBBPIIBA C KOHKPETHH HM3BOIH. ABTOPBHT € OCHTYPHJI IUIABEH ¥ JIOTHYEH IIPEXOI MEKIY
IJIABHUTE, KOETO CH3/1aBa yCEIAHETO 3a IsUIOCTHOCT Ha H3I0XKEHUETO.

2. AKTYaJIHOCT HA pa3paboTBAHMS B JHCEPTANMOHHMS TPYX HpobjieM

AXTyanHOCTTa Ha TeMaTa Ha JUCEPTAlHOHHUS TPyH € Oe3crmopHa, Kakro OT IIIeJHa
TOYKa Ha Hay4YHATa TEOPH:, TaKa U B IPAKTHKO-IPHIIOKEH IUTaH. PakT e, 4e 1mpe3 MoCIeHUTE
TOJMHH AaBTOHOMHHUTE €JICKTPOCHEPIMHHHM CHCTEMH CE pa3BHXa W IOJIy4YHXa TOIMO
pasnpocTparnerue. OT eqHa cTpaHa TOBA pa3BUTHE N0 TojsMa CTENeH ce JBDKHA Ha BCe IO0-
rOISIMOTO HW3IIOJI3BAHE HA €IEKTPOJBIKEHHETO B TPAHCIIOPTHHUTE CPENCTBA U YCBOSIBAHETO Ha
BB30OHOBSIEMHTE €HEPIrHHHH M3TOYHHUIA, & OT JPyra CTpaHa TO3H OyM B pa3sBHTHETO MM Ce
ABJDKH Ha PA3BUTHETO HA HOBU HM3TOYHHUIM HA CHCPIHs, HOBH aKyMYJIMpallld CPEACTBA, HOBHA
THIIOBE CJICKTPO3aJABUXBAHUS, HOBH CPEACTBA U METOAU 3a YIIPABICHHUEC. C 1031 IIporpec ce
MMOCTaBHXa U peaulla NpoOIeMH 3a peliaBaHe: OCHIYPsiBaHE Ha IO-TOJSIMA CHEprHiHa
e(heKTHBHOCT; IMO-T00pO YIOBIETBOPSBaHE Ha PA3sHOOOPA3HHMTE TEXHOIOTWYHH HYXIH Ha
Pa3IHYHHUTE YPEeaOU H CUCTEMH; ITO-100PO M YCTOWYHBO YIIPaBICHUE; 10-100pa ChBMECTHMOCT
Ha OTASTHHTE ypeAOH U CHCTEMH



3. llosnaBane Ha CHIBPIKAHUETO HA POGTEMA

Mscnenrane Ha KauecTBOTO HA €JIEKTPOCHCPrHATA B ABTOHOMHH EIEKTPOCHEPrHIAHH
CHCTEMH U METOAUTE M CPEACTBATa 3a HETOBOTO MOJOOPEHUE € 3a/1a4a, U3HCKBANA KOMILIEKC
OT 3HAHHS H YMCHHS B IIPEIMETHaTa 00IAacT M MPEeANoNara 3ambIO0YeH IIOAXOA MpH
U3BBPIIBAHE HA TCOPETHYHUTE U3CICABAHMS, KAKTO W IPAKTHIECKH OITHT.

3a na obxBaHe B MOCTATHYHA CTEMECH HATPYNAHOTO 3HAHWE 110 W3CIEIBAHATA TEMA B
Crienrau3kpanara JuTeparypa, A0KTOPaHTHT € IPOYYHI i aHatu3upal 283 H3TOYHUKA.

Wsnon3sanute TUTEpaTYpHH W3TOYHMIM Ca AKTYaJHH, OTIOBapsAT Ha M3cle/[BaHaTa
TEMaTHKa ¥ Ca KOPEKTHO LUTHPAHH B TEKCTA HA AMCEPTAHOHHHS TPYA. MHOroo6pasuero ot
JMTEPaTypHH H3TOYHMOHM Ca CBHACTENCTBO 33 BHCOKATa CTCHEH Ha HHGOOPMUPAHOCT Ha
nokropanTa JI. [IBetanos. ExnopemenHo ¢ ToBa TOH A€MOHCTPUpA CHOCOBHOCT 32 TBpPCEHE,
CHCTEMAaTU3UPaHe, IPUIIAraHe U THIKYBaHE HA HAyYyHATa MH(DOpMAIHS.

4. M30panara MeToIMKa Ha H3C/IEABAHE MOYKe JIH /12 1/]e 0TTOBOP HA OCTABEHATA
1eJ1 i 12 PellH 32 ]a9UTe HA JNCePTAHOHHAS TPy ?

W3yyasaneTo Ha npolecHTe B ABTOHOMHHTE €1eKTPOCHEPTHITHI CHCTEMH C HeJTMHEHHHI
TOBAPH, M3yYaBAHETO KA4ECTBOTO HA €JIEKTPUYECKaTa CHEPrisi U METONHUTE M CPEICTBATa 3a
HEroOBOTO MOJOOPEHHE NPEJCTABIABAT OCHOBHATA L€/l HA AMCEPTAMOHEMS TpyA. CunTaM, ue
opMyIEpaHaTa e HAIbJIHO OTrOBAPS HA TEMATa Ha JIUCEPTALMOHHHS TPYL.

KauecrBoTo Ha enexTpoeneprusta 8 AEEC ce m3ciieaBa ¢ moMOmTa Ha MATEMATHYECKO
Mozienupane u Ha 6asara Ha (H3HYCCKM MOJEIM Ha ABTOHOMHA €JIeKTPOeHeprHitHa chcTeMa,
CBAbpIKallla HEJIMHEHHH ToBapu. MeToMTe U cpejicTBaTa 3a MogobpeHne Ha KayeCTBOTO Ha
CTIEKTPOCHEPIUATa €€ H3CJIe[Ba C IOMOIITa Ha MaTeMarHdecko mozeinupane Ha AEEC c
pa3IuyHa paslpefeNuTe/IHa CHCTeMa (BKIIOYATEIHO W paslpeledTellHa CHCTEMa Ha
IOCTOSHEH TOK), Ch/IbPKalla Pa3TuyeH TUI HEIMHEHHE TOBapH. B IHCepTanyaTa JOKTOPaHT BT
€ M3CnelBal pasiuvHu pexuMu Ha pabora Ha AEEC u momoOpeHnero Ha KayecTBOTO Ha
CNIEKTPOCHEPIUsiTa C MOMOIITA HA aKTHBHH (DHITPH M CTATHYEH CHHXPOHEH KOMIIEHCATOD C
pasmuyHo ynpaeinedue. Cuuram, 4Ye H3MONM3BAHUAT [OAXOA Ha paboTa, MeTomd |
U3CTICZIOBATENICKM TEXHUKM HA M3CNeJBaHE ca NPUIIOKEHH TPABHIHO M Ca NO3BOJIMIM Ja Ce
M3IBJIHAT BCUYKM IIOCTABEHH 3aJady, a ¢ TOBA W PEald3MpaHeTo Ha IOCOYeHaTa IIel Ha
JACEpTaIUATA.

5. OcHOBHM IPHHOCH HA JHCEPTAIHOHHHSA TPY]

B cnpaBkara ¢ NpHHOCHTE JOKTOPAHTHT H3BEXKAA CeleM MPHHOCHH MOMEHTa Ha
JUCEPTAMOHHHUSL TPYL:

* MscnenBanu ca OCHOBHMTE IIPHUYKMHY 32 BIOIIABAHE KAYECTBOTO €JIEKTPOEHEPIHsiTa B
ABTOHOMHM  €JIEKTPOEHEPIMHHH  CHUCTEeMH, cMylnaBamu paGorata Ha  KopaGHOTO
€JIeKTp0063aBE)K/IaHe U BIIOIIABAIIM HETOBHTE XapaKTePHCTHKH, Karo ca KilacH(HIMpaHu
[OKa3aTeIuTe Ha KaYeCTBOTO Ha €1eKTpUYeCKaTa eHEPTHs M H3UCKBAHUATA KbM TsiX. Hampaseu
¢ 0030p Ha METOIUTE U CPE/ICTBATA 3a TON0OpeHHe KaYeCTBOTO HA €IEKTPHIECKATa EHEPTHSL.

* Cp31asieny ca MaTeMaTH4eCcKH MOJICIH Ha aBTOHOMHH elIeKTPOSHEPIrHiHN CHCTEMH,
CBABPXKAIM HEIWHEWHHW TOBAapH, BJIONIABAINM KAa4eCTBOTO HA ENEKTPHYECKara eHeprusd,
BKJTIOUMTETHO H3II0/I3BAIIH PA3Ipe/IeIUTENHA MPEXKa Ha [T0CTOSHEH TOK.

* Cp3a/ieHn ca MaTeMaTUYECKU MOJICITH Ha [apajiciHi aKTHBHU (UITPU U CTATHYHH
CHHXPOHHHM KOMIIEHCATOPH, H3IOJ3BaHU 3a IOJOOpEHHE Ka4eCTBOTO Ha eJIeKTPHYECKaTa
€HEPrHsl.

e UscnenpaHu ca CTaTHYHUTE M AHHAMWYHHUTE [POLECH M XapaKTEPUCTHKHTE B
aBTOHOMHH CHCKTpOCHepFI/II;’IHI/I CHUCTCMH, ChAbpPXKAIIN HEJTHHCHHHA TOBapH.



« Uscrensan e XapMOHHMYHHMS ChCTAB HA HEIHHEWHUTE TOBAPpH U Ha HANPEXKECHHETO B
pasnpeneiMTesiHaTa MpeXa Ha aBTOHOMHH CIIEKTPOCHEPT UHHI CHCTEMHU, MMalld pa3iInycH
CbCTaB U pa3jiuyHa TOIIOJIOTHA Ha pasnpeiaeIuTeIHaTa MpeKa.

) I/ISCHCIIBEH'IO € H3I0JI3BAHETO Ha AaKTUBHH (I)PIJ'ITpI/I C pasjIi4HO YIIpaBJICHHE 3a
HOIIOGpCHI/IC Ka49€CTBOTO Ha ECJICKTpHUYeCcKaTa EHCPrusi B aBTOHOMHH CHCKTpOCIleFHﬁHK
CHCTEMU C PA3JIMUYCH CBHCTAB U TOMOJOTHUS Ha pasipCACIuTe/IHaTa MPEXa, Karo ca CpaBHEHU
XapMOHHYHHTE CIIEKTPU HA TApaMETPUTE Ha CUCTEMUTE 0e3 ¥ ¢ aKTHBEH (bl/UIT'bp.

: M3CHCI{B&HO € M3IIOJI3BAHETO HA CTAaTUYECH CHHXPOHEH KOMIIEHCATOP 3a HOL[O6pCHHC
Ka4€CTBOTO Ha €JIEKTPUYCCKATA EHEPIUs R ARTOHOMHH eﬂeKTpOCHepFHﬁHH CHCTEMH C pa3InieH
CBHCTaB U TOIIOJIOTHS Ha pa3npe/IC/IUTeIHaTa MpEKa, KaTo ca CpaBHCHU XapMOHUYHUATE CIIEKTpH
Ha IapaMCTPUTE HA CHCTEMHUTE besunc KOMIICHCATOD.

C‘IHTaM, 4€ NMOCOYCHHTE NMPHHOCH ca JIMYHO /1eJI0 Ha AOKTOpaHTAa, J00BbJABAT H
oGorarasar ChIMECTBYBAIHTE HAYYHH 3HAHUA, METOTHYECKH NNOCTAHOBKH H HPHJIOKHH
H3CJICABAHNA B KOHKpeTHATa oduracr.

6. Ily6nukaunu no JucepTauuoOHHUSA TPy

B monkpena Ha cBonTe M3CIENBAHHA W KaTO W3pa3 Ha MyOIHYHOCT HA CBOWTE H/EH,
AOKTOPAHTBT MPE/CTaBs OCeM IyOnuKaimu. M ocemre myGnuKauu ca B CHaBTOPCTBO ¢
HAay4HHUTE PHKOBOIUTEIH.

Bermukure my6nukaiuy ca B IpoGIeMHOTO 101 Ha JIMCEPTAMOHHOTO H3CIeIBAHE, a
H3/1aTe/ICTBaTa Ca M3BECTHH M 1103HATH. CYMTaM, Ye NPEICTABEHUTE TPYIOBE Ca TOCTATHYHY K
€ B TSX Ca NPEJCTaBeHH OCHOBHUTE MOMEHTH Ha JAMCEPTAIUATA.

7. ABTopedepar

AsTopedeparsT € ¢ ofeM 39 crpaHMOM H OTpassBa OCHOBHOTO ChIBPIKAHHE HA
maceprauuata. Minoctprpan e goctarbuer 6poil Auarpamu u GUrypH, IpeACTaBIsBAIN Hali-
Ba>XXHHUTE PE3yJITATH OT HU3CJICABAHETO.

8. 3akuiouenue
PaspaGotenus Jcepranmonen Tpy/ NOKpHBa LEITa HA H3CIeABAHETO. U3mo3BanmTe
Hay THH MCTOM 3a U3CTIC/IBAIE Ca a/ICKBATHU H I10JTyYEHUTE HAYYHH PEe3y.ITaTh ca T0CTOBEPHH.
MudopmanmonHara ocurypeHoCT Ha pa3paboTkara e 10CTaTbuyna | aktyanHa. [lucepranusara
ChAbPKA HAYyYHO-IPHIOKHH NPUHOCH, KOHTO Ca HEOOXOMMMM 3a MPHIOOMBaHE HA HAyYHH
cTeneHd. JIOKTOpaHTBT NpuTekaBa HEOOXOAUMHTE HAYIHM 3HAHHS M IpAKTHYecKd omut. Ha
0aza Ha rope H3TOKEHOTO CYATAM, HUe MPEACTABCHHUAT OUCEPTALMOHEH TPYX Ha Tema:
»Ka4ecTBo Ha eNeKTPOeHepruATa B ABTOHOMHH €eKTPOGHEPIHAHH CHCTEMH: METOIH W
CPeaCTBa 33 HEroBOTO MojoOpeHue” OTroBaps Ha M3HCKBAHHSTA HA 3aKOHA 33 PasBHTHE Ha
aKaneMuynus cheraB B Penybmuka beirapus, IIpasuinuka 3a npuiaramero Ha 3akoHa 3a
PasBUTHCTO HAa aKaJeMMYHHA cbcraB B PemyOmuka Bwirapus w 3akoHa 3a Bucimero
0GpasoBaHue, OPajil KOETO NPENophYBaM Ha HAYTHOTO KYPH Aa IIPACHIH obpasdBarenHaTa |
Hay4Ha creried JJOKTOP na [Jumursp Hukosnaes LiBeranos B.IIPOECHOHAIHO HAlpaBJIeHHEe
Tpancnopt, kopaboriaBane u aBHALAS.
AN VR I . = VI
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1. General description of the dissertation work and its appendices

materials .

The dissertation work of Dimitar Nikolaev Tsvetanov on the topic "Power quality in
autonomous power systems: methods and means for its improvement" for awarding the
educational and scientific degree "Doctor" is in a volume of 234 pages of main text and 92
pages of appendices, which are located in a separate volume.

The dissertation contains an Introduction, four Chapters, Conclusion, Dissertation
Contributions, Dissertation Publications, List of References and Appendices. The content of
the chapters is divided into separate paragraphs. Each chapter ends with specific conclusions.
The author has ensured a smooth and logical transition between the chapters, which creates the
feeling of completeness of the exposition.

2. Relevance of the problem developed in the dissertation work

The relevance of the topic of the dissertation work is indisputable, both from the point
of view of scientific theory and in a practical-applied plan. It is a fact that in recent years, s,
autonomous power systems have developed and become widespread. On the one hand, this
development is largely due to the increasing use of electric propulsion in vehicles and the uptake
of renewable energy sources, and on the other hand, this boom in their development is due to
the development of new energy sources, new storage means, new types of electric drives, new
means and methods of management. With this progress, a number of problems arose to be
solved: ensuring greater energy efficiency; better satisfaction of the diverse technological needs
of the various arrangements and systems; better and sustainable governance; better
compatibility of individual devices and systems.

3. Knowledge of the content of the problem

Researching the quality of electricity in autonomous power systems and the methods
and means for its improvement is a task that requires a complex of knowledge and skills in the



subject area and implies a thorough approach in carrying out theoretical research, as well as
practical experience. In order to sufficiently cover the accumulated knowledge on the

researched topic in the specialized literature, the doctoral student studied and analyzed 283
sources.

The used literary sources are up-to-date, correspond to the researched topic and are
correctly cited in the text of the dissertation. The variety of literary sources is testimony to the
high degree of awareness of the doctoral student D. Tsvetanov. At the same time, he
demonstrates the ability to search, systematize, apply, and interpret scientific information.

4. Can the chosen research methodology answer the set goal and solve the
tasks of the dissertation work?

The study of the processes in the autonomous electric power systems with non-linear
loads, the study of the quality of the electric energy and the methods and means for its
improvement represent the main objective of the dissertation work. I believe that the formulated
goal fully corresponds to the topic of the dissertation work.

The quality of electricity in AES is investigated using mathematical modeling and
based on physical models of an autonomous power system containing non-linear loads. The
methods and means for improving the quality of electricity are investigated using mathematical
modeling of AES with different distribution system (including DC distribution system)
containing different types of non-linear loads. In the dissertation, the PhD student investigated
different operating modes of AES and the improvement of power quality using active filters
and a static synchronous compensator with different control. I believe that the used approach
to work, research methods and research techniques have been applied correctly and have
enabled the fulfillment of all the tasks set, and thus the realization of the stated goal of the
dissertation.

5. Main contributions of the dissertation.

In the reference to the contributions, the doctoral student brings out seven contributing
moments of the specialized literature, the doctoral student studied and analyzed 283 sources.
dissertation:

* The main reasons for the deterioration of the quality of electricity in autonomous
power systems, disturbing the operation of the ship's electrical equipment and worsening its
characteristics, were studied, and the indicators of the quality of the electrical energy and the
requirements for them were classified. An overview of the methods and means for improving
the quality of electrical energy has been made.

* The main reasons for the deterioration of the quality of electricity in autonomous
power systems, disturbing the operation of the ship's electrical equipment and worsening its
characteristics, were studied, and the indicators of the quality of the electrical energy and the
requirements for them were classified. An overview of the methods and means for improving
the quality of electrical energy has been made.

* The static and dynamic processes and characteristics in autonomous power systems
containing non-linear loads.

* The harmonic composition of the non-linear loads and of the voltage in the



distribution network of autonomous electric power systems, having different composition and
different topology of the distribution network, was studied.

* The use of active filters with different controls to improve the quality of electric
power in autonomous power systems with different composition and topology of the
distribution network was studied, and the harmonic spectra of the parameters of the systems
without and with an active filter were compared.

* The use of a static synchronous compensator to improve the quality of electrical
energy in autonomous power systems with different composition and topology of the
distribution network was investigated, and the harmonic spectra of the parameters of the
systems without and with a compensator were compared.

I believe that the mentioned contributions are the personal work of the doctoral
student, complement and enrich the existing scientific knowledge, methodological
approaches and applied research in the specific field.

6. Publications on the dissertation

In support of his research and as an expression of publicity of his ideas, the doctoral
student presents eight publications. All eight publications are co-authored by the scientific
supervisors. All publications are in the problem field of the dissertation research, and the
publishers are known and familiar. I believe that the works presented are sufficient and that
they present the main points of the dissertation.

7. Abstract

The abstract has a volume of 39 pages and reflects the main content of the dissertation.
A sufficient number of diagrams and figures representing the most important results of the study
are illustrated.

8. Conclusion

The developed dissertation covers the purpose of the research. The scientific research
methods used are adequate and the scientific results obtained are credible. The information
security of the development is sufficient and up-to-date. The dissertation contains scientific and
applied contributions that are necessary for the acquisition of scientific degrees. The doctoral
student has the necessary scientific knowledge and practical experience. On the basis of the
above, I believe that the presented dissertation work on the topic: " Power quality in autonomous
power systems: methods and means for its improvement " meets 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, which is why I recommend to the scientific jury to
award the educational and scientific degree DOCTOR to Dimitar Nikolaev Tsvetanov in the
professional field of Transport, Shipping and Aviation.

22.02.2023
Prepared the statement:
(Assoc. Prof. Dr. Eng., I. Beloev)



