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PEHEH3US

BbPXY JHMCEPTAIIMOHEH TPY/l 3a MpHI00MBaHe Ha 0Opa30BaTeIHa H Hay4YHa CTENEH ,,JIOKTOp™
1o odnact Ha BHclIe oOpazoBaHue 5. ,,TeXHHYECKH HayKu",

npodecnoHanHo HanpasieHue 5.2. ,,ENeKTpoTeXHHKa, eIeKTPOHUKA U aBTOMATHKa™

ABTOp Ha IHCePTALHMOHHHSA TPY/: mar. k. [xenrus Usamas U6pam

Tema Ha 1ucepTALMOHHUA TPYA: ,,BB300HOBsIEMH €HEPIUHHHU U3TOUHHIIH U
yIpaBlieHHE Ha peaKTHUBHA EHEepPIrus’

HayuyHa cnienMaJHoCT: ,,EJeKTpocHab1ABaHe U €J1eKTpo003aBeKaaHe
Ha IPOMUILIEHOCTTA™

Peuensenr: noil. 1-p unk. bopucnas boraanos boitues

Hacrosiiiata pelieHsns ¢ M3rOTBEHa Bb3 OCHOBA HA NPEACTABEHUS JUCEPTALMOHEN TPYJ( Ha
mar. uik. Jixenrns Ubimas MGpam Ha Tema ,,Bb300HOBSIEMH eHEPTrHitHM H3TOYHHMIA U YTIPABIEHHE
Ha peakTHBHa eHeprusi”, pazpaboteH B Texuudecku yHuepcuteT — Codus, EnekrpoTexHndecku
daxynrer, kateapa ,,EnextpocHadbasBane, elekTpood3aBexIaHe M €IEKTPOTPaHCIIOPT ™, ¢ HayucH
pbkoBoauTen npod. a-p urxk. Beauan Tomopos ['eoprues. JlucepTalMOHHUAT TPy € MPEACTABCH
3a PUCHK/IAHE Ha 00pa30BaTe/IHATA M HAyYHA CTEINEH ,,JOKTOP B 001aCT Ha BUCLIE 0Opa3oBaHue .
., TeXHUUECKH HayKH", npoecHoHanHo HampaBieHue 5.2. ,ENeKTpOTEXHHMKaA, €JIEKTPOHMKA H
aBTOMaThKa“, HayyHa crnenuanHoct . EnekrpocHabasBaHe M eleKTpooO3aBeXIaHE  Ha
IIPOMUILIIIEHOCTTA"".

Pa3paboTtkara e HacoUueHa KbM CHIIECTBEH 32 ChbBPEMEHHATa €JIeKTpOeHEepreTHKa npobdiem —
YIPaBICHUETO HAa peaKTHMBHATa MOILIHOCT U pEaKTHBHATAa €HEpPrHsl MpH HapacTBaIl0 ydacTHEe Ha
Bb300HOBSIEMH EHEPrHMHHU M3TOYHHIM, CHJIOBA €JIEKTPOHWKA M HesluHedHu ToBapu. OcobeH
MHTCPEC MPE/ICTaBIIsABA PA3IJICkK/IaHETO HA (JOTOBOJITAMYHUTE HHBEPTOPH HE CaMO KaTO YCTpOHCTBA
3a npeoOpasyBaHe M OT/AaBaHE HAa aKTHBHA MOUIHOCT, 4@ M KaTO YNPAaBIACMH CJICKTPOHHH
npeoOpaszyBaTe/in, KOUTO MOTaT J1a y4acTBaT B PETryJIMPAHETO Ha HAMPEKCHUCTO U KOMIICHCUPAHCTO
Ha peaKTUBHA MOIIHOCT.

1. AKTya/IHOCT Ha pa3padoTBaHUSl B JMCEPTALHOHHHUS TPYA NMPod/eM B HAYYHO W HAYYHO-
UpHiIokHO oTHouieHne. CTemen W HHBAa HAa aKTYaJHOCTTa Ha MnpodliieMa M KOHKpeTilie
3a/1a4H, pa3padoTeHu B IHCepTAHATA.

Temara Ha aucepTalMOHHHS Tpya € OE3CNOPHO AKTyajJHa KaKTO OT Hay4Ha, Taka M OT
HAay4HO-TIPHJIOJKHA TJIe/IHA TOYKA. Pa3sBHUTHETO Ha elEeKTPOCHEPrHHHUTE CUCTEMH Tpe3 MOCTICAHUTE
FOJMHM C€ XapaKTepu3Mpa C YCKOPEHO HaBJIM3aHE Ha [CIEHTpPalW3upaHa TeHepalus,
(GoTOBONTAMYHU M BATHPHU €JIEKTPOLEHTPAIH, CUIOBH €ICKTPOHHH TMpeoOpa3zyBaTesin, CHCTEMH 3a
yNpaBJIeHHE W HapacTBall OpoW HENMHEWHW ToBapu. Te3u npouecH NPOMEHST KIACHUECKHTE
PEKHUMH Ha CIICKTPUUECKUTE MPEKH U BOJAT JI0 HOBH U3UCKBAHUS 110 OTHONICHHE HAa Ka4eCTBOTO Ha



elIeKTpUYeckaTa €HEeprus, peryjJupaHeTo Ha HalpexeHHero, (akTopa Ha MOIIHOCT U
OTrpaHUYaBaHETO HA HEXKEJIAHUTE PEAKTUBHU IMOTOIIH.

B gmcepranmoHHus TpyA akTyaJdHOCTTa € apryMeHTHpaHa HE camMo o0mo — upe3
TEHJIEHIMUTE 3a JeKapOOHM3auus, JELCHTpaJu3als W HMHTEJIMICHTHO YIpaBJICHUE Ha
EJIEKTPOCHEPTUHHUTE CHCTEMH, HO M 4Ype3 KOHKPETHU EKCIUIOATAllMOHHU MpoOJieMH. ABTOPBHT
oOpblia BHUMaHue Ha (akTa, ye npu Hanuyre Ha BEW u HenuHeliHu ToBapu peakTHBHATA MOIIIHOCT
MOJKE J]a MMa 3HAKOIIPOMEHJIUB XapaKTep, a HEHHOTO U3MepBaHe, TapupuIUpaHe U KOMIIEHCUPaHe
Ce YCJIOXKHSBAT ChIUIECTBEHO. ToBa mpujaBa Ha pa3paboTkaTra HE CaMO TEXHMYECKO, HO M SICHO
M3pa3eHO HMKOHOMUYECKO 3HAueHHEe, OCOOCHO 3a HWHIYCTPHAIHU MOTPEOUTENH, MPU KOUTO
pa3xouTe 3a peaKTUBHA EHEPrusl MOraT J1a ObJaT ChLUIECTBEHH.

Ilenra Ha AWCEPTAUMOHHHS TPYH — H3CIEABAHE HA BB3MOXKHOCTUTE Ha EJIEKTPOHHHUTE
npeoOpazyBarenn Ha BEW na xommneHcupaT peakTHBHA MOIIHOCT W JIa M3MBJIHABAT (PyHKIMATA Ha
peryiaTopu Ha HampexeHue — € (GOopMyJIHpaHa SICHO M € aJeKBaTHA Ha PasTIIekKIaHUS MPOoOeM.
[locraBenute 3amaun oOXBalIaT EKCIEPUMEHTajdHa OICHKA Ha KOMIIGHCUPAHETO  4pe3
(dboTOBONTAaNYEH WHBEPTOpP, TEXHHUKO-MKOHOMHYECKO CpaBHEHHE C KIACHYECKH KOMIECHCHPAIIH
cCpelacTBa W pa3paboTBaHe HA MOJEIM M aNTOPUTMH 3a yMpaBjieHHe. ToBa MOKa3Ba IMPaBUIHO
HACOYBaHE Ha M3CJICIBAHETO KbM peasieH U MPAKTUYECKU 3HAYUM MPOOIIeM.

Cuuram, Ye TeMara, IeNTa M 3aJa4uTe ca aKTyaJlHH, NPAaBUIHO (OPMYJIHpPAHU W
CBHOTBETCTBAT HA M3UCKBAHUATA KbM JUCEPTALMOHEH TPy 3a nmpuaobuBane Ha OHC ,,noktop*.

2. CtreneH Ha NO3HABaHe CHCTOSIHMETO HAa NpodjeMa W TBOPYECKAa HMHTEpPHpeTALUs Ha
JINTepPaTyPHUsI MaTepual.

CwcTosiHMeTO Ha mpoliieMa € pas3riieJaHo 3aAbiI00YeHO B MbpBa IJIaBa HA JAUCEPTALUATA.
ABTOpPBT CUCTEMATU3UPA OCHOBHUTE IOHATHUSA, CBBP3aHU C PEAKTUBHATa MOIIHOCT M PEaKTHBHATa
€Heprusi, pasriexia KIAaCHYeCKH KOMIIEHCHpAIlM yCTPOMCTBA, THUPHUCTOPHO YIpaBIIIEMU
KOMIIEHCAaTOPH, CTaTMYHU CHHXPOHHM KOMIIEHCATOPH, KOHTPOJEPH HA MOIIHOCTHH IOTOIH,
aKTUBHU CWJIOBU (PMIITPU M BB3MOKHOCTH 32 KOMIIEHCUPAHE OCPEACTBOM MPEKOBU UHBEPTOPH.

[TonoxuTenHa OIEHKA 3aciTyaBa TOBa, Y€ JTUTEPATYPHUAT 0030p HE ce OrpaHUYaBa camo JI0
KJIACUYECKOTO pa3riiek/JaHe Ha peakTHUBHATa MOIIHOCT TpPU CHHYCOUJAIHU pexumMu. B
JUcepTanusiTa € OTIAEJICHO BHHMaHHWE Ha HECHHYCOUJAIHUTE PEKUMH, BUCHINTE XapPMOHUIH,
paznuuHUTe NeUHUIMH HA MOIMHOCTUTE W TMPAKTUYECKUTE 3aTPYAHEHUS MPU H3MEPBAHETO H
TapupUIIMpaHEeTO Ha peakThBHaTa eHeprus. [IpencraBeHa e ucTopudyecka U METOJOJOTUYHA
MOCTIETIOBATETHOCT HAa PAa3BUTHETO HA TEOPHUTE 32 EIIEKTPHUYECKUTE MOIIHOCTH, KOETO TOKa3Ba
n00po Mmo3HaBaHe HAa HAyYHATa OCHOBA Ha MpooJiema.

JlutepatypHaTa cripaBka € o0eMHa 1 BKJII04Ba 163 M3TOUYHMKA, Cpell KOUTO 3HAUUTENEH Opoit
MyOJIMKAIIMY Ha aHTJIUHCKH €3UK W U3TOYHHUIIN OT MOCTEAHUTE TOAUHU. TOoBa JaBa OCHOBAHUE J1a Ce
IIpUeMe, Y€ JOKTOPAHTHT € MPOYYMJ JOCTAaThYHO IIMPOKO KAKTO KJIacHYecKaTa TEOpHs, Taka U
CbBPEMEHHUTE TOAXOAM 3@ YIpaBICHWE Ha pEaKTHBHA MOIIMHOCT Upe3  EJIEKTPOHHU
npeoOpa3yBarenu U pOTOBOJITAMYHU UHBEPTOPH.



HanpaBenurte u3Boau OT JIUTEpaTypHHsI 0030p ca JIOTUYHO CBBp3aHU ¢ (GOpMYJIMPAHETO Ha
LenTa U 3a7a4ydTe Ha JucepTallMoHHUs Tpyd. CuuTaM, ye aBTOPHT MO3HABA B JIOCTaThUHA CTENECH
CHhCTOSTHUETO Ha Mpo0JieMa, OICHSIBa KPUTUYHO HAJIMYHATA JIMTEPATypa | s U3MOJI3BA IIETICHACOYCHO
3a 000CHOBaBaHE Ha COOCTBEHHUTE CH U3CIICIBAHUSL.

3. ChoTBeTCcTBHE HA M30paHaTa MeTOAUKA HA M3CJIeBaHe U NMOCTABEHUTE HeJ M 33Ja4d HA
AUCEPTANMOHHUSA TPY/A C MOCTUTHATHTE MPUHOCH.

N36panaTa MeTouKa Ha U3CIEABAHE € MOAXO/INA 3a IIOCTaBEeHATa 1el U (POPMYJIHMpPaHUTE
3ajaud. B ngucepTanMOHHMA TPYJ ca CbYETaHW JIMTEPATypeH W TEOPETHYCH AaHaJu3,
eKCIICpUMEHTAIHA ~ M3CIIEIBaHUS, MOJICIIMPAHe, CUMYJIAMOHHA W3CIEABAHUS M  TEXHHKO-
MKOHOMHYECKA OIIeHKAa. T03M KOMIUIEKCEH MOAXOX € HEOOXOIMM, ThHl KaTo pasrIekKIaHHST
npo0ieM ¥Ma €THOBPEMEHHO EJIEKTPOTEXHWYECKH, aITOPUTMHYCH, eKCIJIOATallHOHeH |
MKOHOMUYECKH aCTEKT.

BbB BTOpa rIjaBa Ca pas3rjiCdaHd IOAXOAHW 3a HM3MCPBAHC Ha pPCAKTHMBHA CHCPIHA KU €
Hn3CjacaABaH XI/I6pI/II[eH (1)OTOBOJ'IT3.I/I‘ICH HHBECPTOPp B PCXKHM Ha KOMIICHCHUpPAHC Ha pPCaKTHBHA
MOIIIHOCT. EKCHCpI/IMeHTaJIHI/ITe n3CJCaABaHUsA B CJIBHYCB U o0naueH JCH IIO3BOJIsIBAT JJa C€ OLICHH
BJIMAHHUCTO HAa PCATTHUTEC YCIOBHA BbPXY Bb3MOKHOCTUTC 3a YIIPABJIICHUC HA pCaKTUBHATaA MOIIIHOCT.

B tpera rnaBa e aHanu3upaH peajeH MHAYCTPUATIEH OOEKT ChC 3HAKONPOMEHIIUB XapaKTep
Ha peakTUBHATa MOIIHOCT. Pa3rienanu ca peakTuBHATa MOIIIHOCT HA KaOEITHU JTMHUU, PSKUMHUTE Ha
OTJICITHUTE TPAHC(HOPMATOPHH CEKITUH M BB3MOKHOCTHTE 32 KOMIICHCHpPAHE KaKTO 4pe3 KIAaCHUECKU
CpeICcTBa, Taka W 4Ype3 ymnpaBlieHHE Ha (HOTOBONTAWYEH HMHBEPTOp. TEXHUKO-MKOHOMHUYEcKaTa
OLICHKa MpHUIaBa MPaKTUUYeCKa 3aBbPUICHOCT Ha U3CJIEIBAHETO.

B uerBbpra rmaBa ca pa3paboTeHHM MOJENM Ha €JIEeKTPOHHH IpeoOpa3yBaTenu 3a
KOMIICHCUPAHE Ha PEAKTUBHA €HEPTUsl, BKIIOYUTEIHO MOJEN Ha CTATUYEH CUHXPOHEH KOMIIEHCATOP
u Mojenu Ha enHodazeH (oroBonaTanueH uHBepTOp. M3nmomsBaneto Ha MATLAB/Simulink u
Simscape e aJekBaTHO 3a TaKbB TUI H3CJEABAaHUS M IO3BOJIABA IPOBEpPKA Ha MOBEJCHHETO Ha
CUCTEMUTE IPU pa3Iu4HU pexuMH. [lomyueHuTe pe3ynratu ca B Ipsika Bpb3Ka ¢ GopMyJIMpaHUTE
MIPUHOCH.

OI_IGHSIBaM H36paHaTa MCTOAHKA KAaTO CbBPECMCHHA, MOCJICAOBATCIIHA U CHbOTBETCTBAILlA HA
eJra v 3a1a4uTC Ha JUCCPTALIMOHHUS TPYA.

4. KpaTKa AHAJIUTHYIHA XapaKTECPUCTHKA HA €CTECTBOTO H OLECHKA Ha AOCTOBEPHOCTTA Ha
MarTtepuajia, BbpXy KOMTO ce rpagsitT IPUHOCUTE HA TUCCPTALIMOHHUSA TPY/I.

JlvcepTallmOHHUSAT TPY/ € CTPYKTYpPUPAH JIOTUYHO U MOCIe0BaTeTHO. TOM ChIbpika CIIUCHK
Ha W3IMOJI3BAHUTE CBHKPANICHUS, H3JIOKEHHE Ha aKTyaJlHOCTTa Ha MpoOJieMa, YeTHPU TJIaBH,
NPUHOCH, MyONUKAIMM O AMCEpTAlUATa, M3MOJI3BaHa JHUTeparypa U npuiokeHus. O0emMbT Ha
pa3paboTkara € 125 neyaTHM CTpaHHIM, KaTo B Hes ca BKItoueHu 109 ¢urypu, 11 tabauum u nse
npunoxenus. CTpykTypaTa ch3fgaBa jJo0pa TOCIENOBATEIHOCT — OT oOOIlaTra IMOCTaHOBKAa Ha
npobiemMa KbM EKCIIEPUMEHTATHOTO H3CIE/BaHe, aHalM3a Ha peajieH UHAYCTpHaJeH OOeKT MU
CHMYJIAIIMOHHOTO MOJICTIPAHE.



[IbpBa rnaBa MMa O030pE€H M IOCTAHOBBUEH XapakTep. B Hes ca pasrienaHu TEKyIIOTO
cbcrossnue Ha BEM, cpmHocTTa Ha peakTMBHATa MOIIHOCT, HEOOXOIMMOCTTa OT HEHHOTO
yIpaBJIeHUE U OCHOBHHUTE CPEICTBA 32 KOMIeHcupane. IIpencTtaBeHn ca M ChbBPEMEHHHU CTPATErHU
3a ympaBJeHHE HA HHBEPTOPU — (PUKCHpaHA PEaKTUBHA MOITHOCT, (puKcUpaH (akTop Ha MOIIHOCT,
3aBHCHUMOCTH OT aKTHBHATa MOIIHOCT, volt-var, volt-watt u droop control. B kpast Ha rnaBara ca
dbopMynupaHy LIeNTa U 33Ja4UTe Ha IUCEPTALIMOHHUS TPYI.

Bropa rmaBa pasriexnaa ynpaBieHHUETO Ha (DOTOBOJITAaMUEH WHBEPTOpP. AHAIM3UpPaHU ca
MOAXOIM 3a U3MEPBAaHE HAa PEAKTHBHA C€HEPIUs, TOYHOCTTA HAa TE3HM IMOAXOIU IPU KIACHYECKH
CHCTEMH M IIpH paslpelesieHa reHepanus, KakTo U Bb3MOKHOCTUTE Ha XUOpHUJeH (OTOBOJIITAaNYEH
UHBEPTOP B PEKUM Ha KoMmieHcupaHe. [IpencrtaBeHusT aJropuThbM 3a YIpaBICHHE Ha PEAKTHUBHA
MOIITHOCT upe3 (poTOBONITAMUEH HHBEPTOP € MPSKO CBBP3aH C OCHOBHATA MJIesl HA IUCEPTAIHTA.

Tpera rnaBa uma CUIHO M3pa3eH NMPHIIOKEH XapakTep. B Hes e u3cienBaH MHAyCTpUajeH
00eKT, 3aXpaHBaH 4pe3 KaOCHU JIMHUH CPEIHO HAIMPEKEHUE, MPU KOUTO ca OTUYETECHU 3HAYUTCITHH
pa3xoau 3a BbpPHAaTa peakTUBHA eHeprus. HampaBeHusT aHanu3 Ha KaOedHUTE JIMHUH,
TpaHcGOpMATOPHUTE CEKIMH U BH3MOXKHHUTE CPEJICTBA 32 KOMIEHCHpaHe Cbhb3laBa no0Opa 0Oasza 3a
OLICHKA Ha MPUJIOKUMOCTTA Ha MPEVI0KEHUTE PELICHUS.

YeTBbpTa IV1aBa ChAbP)Ka OCHOBHATA YacT OT CUMYJALIMOHHUTE U3ciieaABaHus. Pa3paboTenu
ca mozenu Ha STATCOM wu Ha enHOda3eH HOTOBOJITANYCH UHBEPTOP, KAKTO U TIOJOOPSH MOJIEH C
ornexn peanusanus Ha [IIMM. W3BbpiIeH € CpaBHUTENEH U XapMOHHWYEH aHAJIN3, KaTO PE3yITaTUTE
MIOKa3BaT, Y€ paslIeKJaHUTE MOJEIM MOraT Ja HW3MIbJIHSABAT 3ajJayaTa 3a KOMIIEHCHpAHE IpH
CbOTBETHO Opa3MepsBAHE U NapaMeTPU3UPAHE.

I[OCTOBepHOCTTa Ha MaTepurajia €€ OCHOBaBa Ha CHbUYCTAHUCTO MCKAY JIMTCPATYPCH aHaJIU3,
CKCIICPUMCHTAJIHU JAHHH, PCAJICH MHAYCTPHAJIICH Ka3yC, CUMYJIAIIMOHHU MOACIN U MKOHOMHYCCKA
olleHka. ToBa daBa OCHOBAaHHE Ja Ce€ npueme, ue (I)OpMy.]'II/IpaHI/ITe HN3BOJU U IIPUHOCHU Ca
MOAKPCIICHU C JOCTATHYUCH I10 o0eM u XapaKTep MaTcpurall.

5. Haylnm, HAYYHO-TIPUJIOKHU U MPUJIO0KHUA IPUHOCH HA TUCEPTALMOHHUSA TPYIA.

[lpuHocuTe Ha AWMCEPTAIMOHHHS TPy ca KIacH()PUIMpPaHW KaTO HAYyYHO-TIPHIIOKHH H
NpUIOKHU. KbM HayuyHO-TIPUJIOKHHUTE MPUHOCH CE€ OTHACAT Pa3pabOTBAHETO Ha alTOPUTHBM 3a
TUCTAaHIIMOHHO ympaBlieHWe Ha (akTopa Ha MONIHOCT Ha (OTOBOJATAMYEH HWHBEPTOD,
pa3paboTBaHETO Ha MOJEN 3a KOMIIEHCHUpaHE Ha peakTHBHA MOIIHOCT uype3 TpHuQaszeH MPEeKOBU
uHBepTop, padorewr B pexxum STATCOM, kakTto u pa3paboTBaHETO Ha MOJEN 32 KOMIICHCHpaHe
ype3 enHodazeH (OTOBOJITAMYECH HWHBEPTOP, BKIIOYUTEIHO TOJOOPEH MOJEN MO OTHOIIEHHWE Ha
nMIuIeMeHTHpaneTo Ha [IINM.

Karo IMPHUIIOKEH MMPHUHOC CJICABA Ia C€ OLICHU IMPOBECACHOTO MU3CJICABAHE HA ChbCTOAHUETO HaA
PE€aKTHUBHATA MOIITHOCT HA PCaJICH MHAYCTPHUAJICH 00EKT " CBBP3aHHUTEC C HETO pa3xXoJu 3a BbpHATa
PCaKTUBHA CHCPIrus B CHeKTpOCHepFHﬁHaTa cuctrema. Ha 0Oa3ara Ha aHanmm3a ca MMPpEAJIOKCHU
peIICHUA 3a KOMIICHCUPAHC YPE3 KIIACUYCCKHU KOMIICHCHUpAIU YCTpOﬁCTBa " 49pe3 (I)OTOBOJ'ITaI/I‘-ICH
HHBCPTOP, KATO € HAllpaBCHA TCXHUKO-MKOHOMHNYCCKA OLICHKA HA ABATa MoAXoaa.



CunraM, ye NMPUHOCUTE Ca PEAIHU, ChOTBETCTBAT HA ChIAbP)KAHUETO HA AMCEPTALMOHHUS
TPYA W MMaT HAyYHO-TIPUJIIOKHA U TMpakTHYecKa cTorHOCT. OcoOeHO BaXHO €, 4e JAUCEpTaIUsITa
HACOYBa BHUMAHUETO KbM BB3MOXKHOCTTA CHIECTBYBAIIM WK ObACIIH (OTOBOITAMYHN HHBEPTOPHU
na ObJaT M3MOJI3BAHM HE CaMO KaTo M3TOYHMILM HAa aKTHBHA €HEPrus, HO W KAaTO EJNEMEHTH 3a
110/100psiIBaHE Ha peXUMa Ha HAIIPEKEHUETO U peaKTUBHATA MOIIIHOCT.

6. OIIeHKa Ha JHWYHUSA NIPUHOC HA JOKTOPAaHTa.

[IpencraBenuTe pe3ynraTd, pa3pabOTEHUTE MOJENH, aJrOPUTbMBT 3a YIPABICHUE H
NPUIIOKHUAT aHAJIN3 Ha MHAYCTPHAJICH 0OEKT MOKa3BaT CaMOCTOSATEIIHA H3CIIeA0BaTeNICKa paboTa Ha
JNOKTOpaHTa. TemarnuuHaTa Bpb3Ka MEXKAY AUCEPTALMOHHUS TPY U IyOJIMKALIUUTE IO HETrO, KaKTO U
y4acTHETO Ha JOKTOpaHTa B IyOJIMKallMOHHATa JIEHHOCT, JaBaT OCHOBAaHHWE Ja C€ IpHUEME, 4e
OCHOBHUTE PE3YJITATHU Ca JINYHO JEJIO Ha aBTOPA WIH €a MOJYYEHHU C HErOBO CHIECTBEHO y4acTHeE.

HpI/I nperiieia Ha npeacTaBeHud JUCCPTALUMOHCH TPyJd HE CC YCTAHOBSABAT HECHOTBCTCTBUSA
MCKAY (1)OpMy.]'II/IpaHI/ITC IIPUHOCHU U CBABbPIKAHHUCTO Ha pa3pa60TKaTa. He OTKpHUBaM OCHOBAHHA Ja
CC IIOCTAaBA 11O CbMHCHHC JIMYHUAT IIPUHOC HA JJOKTOPpAaHTA.

7. llpenieHKka Ha MyOJIMKAUUTE 110 JUCEPTALMOHHUS TPY/.

KbM qucepranimoHHus TpyJ € NPEACTABEH CIIUCHK ChC 7 MyOJUKAllUK, CBbP3aHU C TEMaTa Ha
mucepranusTa. [lyOnukanuure ca HACOYEHM KbM KOMIIGHCHMpaHE Ha pPEaKTHBHA MOIIHOCT,
yIOpaBieHHUE HAa TOBapH, PEaKTHBHA MOIIHOCT B IbTHU TYHEIH, MOJAETUpaHe Ha (POTOBOJITANYHH
cuctemu, usznon3pane Ha STATCOM u aHanu3 Ha HETMHEWHU 3HAKOIIPOMEHJIMBHU TOBAPHU.

[Ty6nukanuuTe ca npeacraBeHd Ha HaydHu gopymu karo Junior Conference on Lighting,
BulEF, SIELA u ELMA, karo gact ot 1x ca ¢ DOI. Hammie € u camocTosiTeTHa MyOIMKaIus Ha
JTOKTOpaHTa, KOETO € TOJIOKUTENIEH TMOKa3aTell 32 HErOoBOTO JIMYHO yYacTHE B pa3pabOTBaHETO M
myOIMYHOTO TPEACTaBsSHE HA PE3YJITATHTE.

Cuuram, ye myOJMKallMOHHATa JEHHOCT € JIOCTaTh4YHA 3a IPEACTaBIHE HAa OCHOBHHUTE
pe3yaTatd OT AMCEPTAMOHHUS TPYyA M ChOTBETCTBA HAa HW3UCKBAaHUATA 3a MpHUIOOMBaHe Ha
oOpa3oBaTenHaTa U Hay4Ha CTEeIeH ,,JJOKTOp*.

8. Mzmou3BaHe Ha pe3yJTaTuTe OT JUCEPTALMOHHHMSA TPYA B HAay4YHaTa M COLHAJIHATA
NpPaKTHKA.

PesynTaTMTe OT JUCCPTAIMOHHUA TPYyA MMAT NOTCHOMAT 3a M3IMOJ3BAHC B IMPAaKTUKATa IIPU
IMPOCKTUPAHE, CKCITIoOATAsA U MOACPHU3AIUA Ha eJ'IeKTpOCHa6I[I/ITCJ'IHI/I CUCTCMHU C NPUCHCAUHCHU
BB300HOBSIEMU CHGpFHfIHPI HN3TOYHUIIH. Pa3p8.60TCHI/ITC MOJACIM W aJIrOpUTbM MOrar nga ce€
HU3M0JI3BAT 3a OICHKA Ha BB3MOKHOCTUTC 34 KOMIICHCHPAHC Ha PCAKTHBHA MOMIHOCT YpE3
q)OTOBOJ'ITaI/UIHI/I HHBCPTOPH, KAKTO U 3a CPABHCHUC C KIIACUYCCKHU KOMIICHCHUpAIIN YCTpOﬁCTBa.

[TpakTHdecka CTOMHOCT WMa pa3TielaHdAT HHAYCTPUATICH Ka3yc, ThU Karo MOJA00HH
npoOJieMu ce cpemar Mmpu peaura MpeanpusaTHsS ¢ KaOeTHW 3axpaHBaHHUS CPEIHO HaIpeKEeHHE,
HEJTMHEWHU TOBapH, CHJIOBA €JIEKTPOHUKA W (POTOBOJITAMYHH HHCTAIAMU. [IpeyioKeHusaT moaxo
MOXE Ja TOANMOMOTHE H300pa Ha TEXHHMYECKH W WKOHOMHUYECKH OOOCHOBAaHO peEIIeHHE 3a



HaMaJisiBaHE Ha pa3XOJUTE 3a pEaKTHBHA CEHeprus M 3a MonoOpsiBAHE Ha KadyecTBOTO Ha
€JIEKTPOCHAOIIBAHETO.

CrenBa ia ce oTOeNe)H U Bpbh3KaTa Ha PE3yJITaTHTE ChC 3a7aydl 110 HAYYHOM3CIIET0BATEIICKI
npoekt JloroBop Ne 212I110010-01 ,M3cinenBane Ha BBH3MOXKHOCTHTE 3a OallaHCHpaHE Ha
peakTuBHa eHeprus ¢ nomouira Ha BEW®. ToBa nONBIHUTENHO MOAKPENsl HAayYHO-IPUIIOKHUS
XapakTep Ha pa3paboTKaTta.

JlucepTalluoOHHUAT TPy UMa U 0Opa3oBaTesHa CTOMHOCT, Thi KaTO CUCTEMAaTU3Hpa BBIIPOCU
OT TEOpHUsATa Ha MOIIHOCTUTE, KayeCTBOTO HA EJEKTPUYECKATa EHEpPrusi, KOMIIEHCHUPAHETO Ha
pEaKTUBHA MOIIHOCT U TPUIIOKEHUETO Ha EJNEeKTPOHHH IpeoOpa3yBaTell B CbBPEMEHHUTE
€JEKTPOCHEPTUHHA CUCTEMHU.

9. Ouenka Ha aBTopedepara.

[TpencraBenusT aBTopedepar oTpassiBa OCHOBHHUTE MOJIOKESHHS Ha TUCEPTALlMOHHUS Tpya. B
HEro ca BKJIIOYEHHM OOIla XapakTepUCTHKAa Ha pa3paboTkara, aKkTyalHOCT Ha Mpodiema, Lel |
3alayd, METOJU Ha WU3CleBaHe, HAYYHO-TIPUJIOKHU M NPUIOKHU TPUHOCHU, ampodanus Hu
myonmukanuu mo temara. ChIbp)KaHUETO Ha aBTopedepara ciie/iBa JIOTHKATa Ha JUCEPTAIMOHHUS
TPy U NPEACTaBs B CHHTE3UPAH BUJI OCHOBHUTE PE3YJITATHU T10 TJIABU.

OsznauenusiTa Ha GopmynuTe, TabaUIKUTE U QUTYpHUTE ca ChIIACyBaHH C AMCEPTALMOHHUS
TPyAd, a BKJIIOYEHHAT TpaduuyeH MaTepuasl IMOJNOMara BB3MPUEMAaHETO Ha MPOBEACHUTE
nzcneaBanus. CuumraMm, dye aBTOpedeparbT € U3rOTBEH KOPEKTHO, OTpas3siBa aJeKBaTHO
ChABPKAHUETO HA AMCEpTALMATa U JaBa JOCTAaTbYHA IIPEACTaBa 3a IIOCTUTHATUTE PE3yITaTH U
(bopMyIMpaHUTE IPUHOCH.

10. KpuTrunm OesieskK U NpenopbKH.

KbM nucepranimoHHUs TPyl MOrar Ja ObJaT HAlpaBeHU CIEAHUTE OENEXKU U NMPErnopbKH,
KOUTO HE HaMaJIsiBaT o0IiaTa MoJIOKUTEIHA OIleHKa Ha pa3padoTKara:

* B nucepranmoHHUs TpyHd C€ cpeuar OTAETHU MPAaBONUCHU, MYyHKTyallMOHHU W CTUJIOBU
HeTouHocT Ha ctp. 3, 7, 8, 31 u 77-80. Te3n HETOYHOCTH BKJIKOYBAT HEMOCIEIOBATEIHO
U3MON3BaHe Ha JIe(hrc MpU CIOKHU MPUJIaraTeIHUA OT TUIA ,,TEXHUKO-UKOHOMUYECKU*, OTIACIIHU
MYHKTYallMOHHU TIPOMYCKH M HSIKOW TMO-IBJITH H3PEUeHUs, KOUTO Ouxa MOTJM Ja ObaaT
peIaKkTUpaHU 3a MO-TOoJsIMa SICHOTA.

M O63opHaTa qacT MOXKE Ja 6T>I[e o-CTerHara, 3a Aa CC€ OTKPOAT OLIC MO-SICHO COOCTBEHHUTE
pe3yJTaTu Ha JOKTOpAHTa XU BPpb3KATa UM C Q)opMyanaHI/ITe IMIPHUHOCH.

* IIpenopbuntenHo e B ObJeNM pa3pabOTKU Jla ce paslIMpu eKCIIepUMEHTajJHaTa MpoBepKa Ha
IIPEJUIOKEHUS AITOPUTHM IIPU Pa3IN4YHU TUIIOBE MHBEPTOPH, PA3IUYHU IIPOU3BOJUTENN U TO-
roJIsIM HabOp OT PeaTHU €KCIUIOATAMOHHU PEXXKUMHU.

* bu 6110 MoOJIE3HO pe3yaTaTuTe Aa ObAAT Pa3BUTH KbM MPAKTUUYECKU MHKXEHEPHHU MPENOPHKU 3a
u300p MeXay KJIacCH4YeCKO KOMIIEHCHpaHe, WHBEPTOPHO KOMIIEHCUpaHE M KOMOMHUPAHU
pelLIeHHs CIOope]] MOITHOCTTA, XapakTepa Ha ToBapa, HAJIWYHAaTa (POTOBOJNTAUYHA MOIIHOCT U
pexrMa Ha paboTa Ha OOeKTa.



* [IpenopbuBaM JOKTOPAHTHT Ja MPOIBIDKU IMyOJUKAllMOHHATA CH AaKTUBHOCT IO TeMaTa,
BKJIIOYUTEIIHO B pe)epupaHil U UHACKCUPAHN HAYYHU CIIUCAHHUSL.

HanpaBeHHTe OeIe)KKN NMaT XapakTep Ha IPCIOPBKHU 3a l'IOI[O6p5IBaHC Ha IIpCaACTaBAHCTO U
GBI[CH_IOTO Pa3sBUTHUC HA U3CJIICABAHCTO. Te He 3acsarar CbIIHOCTTA HA MMOCTUTHATUTC PE3YyJITATH U HC
HaMaJIsIBaT HAYYHO-IIPUJIOKHATA U ITPAKTHYICCKATa CTOMHOCT Ha AUCCPTAIUOHHHUA TPYAO.

11. 3akarouenue.

B 3aK/IIOUEHHE CUMTaM, Y€ JUCEPTAIMOHHMAT TPy Ha Mar. nmk. J[xenrns Mwsiamas M6pam
Ha Tema ,Bb300HOBSIEMU €HEPrUWHM W3TOYHHUIIM U YIOpPaBIEHHWE HA peaKkTUBHA EHeprus‘
Mpe/ICTaBIsiBa 3aBbpIICHA HAy4YHO-IPUJIOXKHA pa3paboTKa IO akTyalleH 3a CbhbBpeMEHHaTa
elleKTpoeHepreTuka npoodsem. [locraBeHara 1en € MOCTUTHATA Ype3 pelraBaHe Ha GOpPMyITHpPaHUTE
3ajauu, a TMPEICTaBeHUAT MaTepHaj € JOCTaTbYeH IO 00eM, ChIbpXKAHHWE, METOIUYecKa
MOCTIEIOBATEITHOCT U HAYYHO-TIPHIIOKHO HUBO.

I[I/IcepTaHI/IOHHI/IﬂT Tpyd IIOKa3Ba, Y€ JOKTOPAHTBHT IIPHUTECIKaBa SaI[’I)JI601ICHI/I 3HaHUA B
obnacTra Ha eHeKTPOCHa6I[HBaHeTO, YHOpaBJICHUECTO HA PCEAKTUBHA MOIIHOCT, BBH300OHOBIEMUTE
eHepFHﬁHH HU3TOYHUIH, KaYCCTBOTO Ha CICKTPHYCCKATa CHCPrusd U MOJACIUPAHCTO Ha CIICKTPOHHHU
npeo6pa3yBaTeJm. HOJ'IyLICHI/ITe pe3ylITaTu UMAT IMPAKTHYCCKA HNPHUIIOKHUMOCT U MOrar Ja 6’]5,[[8.T
H3II0JI3BAHU IIPU aHAJIU3, IIPOCKTHUPAHC U CKCILIOATalMA Ha CUCTCMH C (I)OTOBOHTaI/I‘IHI/I HHBECPTOPH U
H@O6XOI{I/IMOCT OT KOMIICHCUPAHEC Ha pCaKTHBHA MOIIIHOCT.

Karo wmMaM 1mpeaBus M3I0KEHOTO MO-TrOpe, JaBaM  IIOJIOKUTEJIIHA OLEHKa Ha
JIMCEpTAllMOHHUA TpyA. ToBa MM J1aBa OCHOBaHUWE Jia MpEJIokKa Ha yBaxkaeMoTo HaydyHo Kypu na
MPUCHAN 00pa3oBaTeliHATa M HAay4YHa CTEMEH ,,JJOKTOp* Ha Mmar. uHxk. [[keHrus Nbamaz Hb6pam B
obnact Ha Buclie oOpa3oBaHue 5. , TexHudyecku Hayku“, mpodecHuoHaIHO HampaBlieHHe 5.2.
,»,EIEKTPOTEXHUKA, €IeKTPOHMKAa W aBTOMAaTHKA“, Hay4YHa CHelHamHocT ,,EnekTpocHabnsBaHe u
€JIeKTP0003aBeKIaHe Ha TPOMHUIILIEHOCTTA™ .

Hara: 07.05.2026 1. PenienseHrt:
Codus

(mom. n-p unx. bopucnas boitues)
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This review is based on the submitted dissertation work of M.Eng. Dzhengiz Yalmaz Ibram
on the topic "Renewable Energy Sources and Reactive Energy Management", developed at the
Technical University — Sofia, Faculty of Electrical Engineering, Department of "Power Supply,
Electrical Equipment and Electric Transport", with scientific supervisor Prof. Dr. Eng. Valchan
Todorov Georgiev. The dissertation work is submitted for the award of the educational and scientific
degree "Doctor" in the field of higher education 5. "Technical Sciences", professional field 5.2.
"Electrical Engineering, Electronics and Automation", scientific specialty "Power Supply and
Electrical Equipment of Industry".

The development is aimed at a significant problem for modern power engineering — reactive
power and reactive energy management with the increasing participation of renewable energy sources,
power electronics and nonlinear loads. Of particular interest is the consideration of photovoltaic
inverters not only as devices for converting and delivering active power, but also as controllable
clectronic converters that can participate in voltage regulation and reactive power compensation.

1. Relevance of the problem addressed in the dissertation from a scientific and applied
perspective. Degree and level of relevance of the problem and of the specific tasks developed in
the dissertation.

The topic of the dissertation is undoubtedly relevant from both a scientific and an applied
perspective. The development of power systems in recent years is characterized by an accelerated
penetration of decentralized generation, photovoltaic and wind power plants, power electronic
converters, control systems and an increasing number of nonlinear loads. These processes change the
classical regimes of power networks and lead to new requirements regarding the quality of electrical
energy, voltage regulation, power factor and the limitation of unwanted reactive flows.

In the dissertation, the relevance is argued not only in general terms — through the trends of
decarbonization, decentralization and intelligent management of power systems, but also through
specific operational problems. The author draws attention to the fact that in the presence of RES and



nonlinear loads, reactive power can have a sign-changing character, and its measurement, billing and
compensation become significantly more complicated. This gives the development not only technical,
but also a clearly expressed economic significance, especially for industrial consumers, where reactive
power costs can be significant.

The aim of the dissertation work — studying the capabilities of electronic converters of RES to
compensate reactive power and provide voltage regulation functions — is clearly formulated and is
adequate to the problem under consideration. The tasks set include an experimental assessment of
compensation using a photovoltaic inverter, a technical and economic comparison with classical
compensation means and the development of models and control algorithms. This shows the correct
direction of the research towards a real and practically significant problem.

| believe that the topic, aim and objectives are relevant, correctly formulated and comply with
the requirements for a dissertation submitted for the acquisition of the educational and scientific
degree “Doctor”.

2. Degree of knowledge of the state of the problem and critical interpretation of the literature.

The state of the problem is discussed in depth in the first chapter of the dissertation. The author
systematizes the basic concepts related to reactive power and reactive energy, examines classical
compensation devices, thyristor-controlled compensators, static synchronous compensators, power
flow controllers, active power filters and compensation options using grid-connected inverters.

It is commendable that the literature review is not limited to the classical consideration of
reactive power in sinusoidal modes. The dissertation pays attention to non-sinusoidal modes, higher
harmonics, different definitions of power and practical difficulties in measuring and billing reactive
energy. A historical and methodological sequence of the development of theories of electrical power
is presented, which shows a good knowledge of the scientific basis of the problem.

The literature review is voluminous and includes 163 sources, including a significant number
of publications in English and sources from recent years. This gives reason to assume that the doctoral
student has studied both the classical theory and modern approaches to reactive power control using
electronic converters and photovoltaic inverters quite extensively.

The conclusions drawn from the literature review are logically related to the formulation of
the goal and objectives of the dissertation. | believe that the author is sufficiently familiar with the
state of the problem, critically evaluates the available literature and uses it purposefully to substantiate
his own research.

3. Compliance of the chosen research methodology and the set goals and objectives of the
dissertation with the contributions achieved.

The chosen research methodology is appropriate for the set goal and formulated tasks. The
dissertation combines literature and theoretical analysis, experimental studies, modeling, simulation
studies and technical and economic assessment. This complex approach is necessary, since the
problem under consideration has simultaneously an electrotechnical, algorithmic, operational and
economic aspect.



In the second chapter, approaches for measuring reactive energy are discussed and a hybrid
photovoltaic inverter in reactive power compensation mode is investigated. Experimental studies on
asunny and cloudy day allow us to assess the influence of real conditions on the reactive power control
capabilities.

In the third chapter, a real industrial facility characterized by both inductive and capacitive
reactive power flows is analyzed. The reactive power of cable lines, the modes of individual
transformer sections and the possibilities for compensation both by classical means and by controlling
a photovoltaic inverter are examined. The technical and economic assessment gives practical
completeness to the study.

In the fourth chapter, models of electronic converters for reactive power compensation are
developed, including a static synchronous compensator model and single-phase photovoltaic inverter
models. The use of MATLAB/Simulink and Simscape is adequate for this type of research and allows
verification of the behavior of the systems in different modes. The results obtained are directly related
to the formulated contributions.

| assess the chosen methodology as modern, coherent and consistent with the aim and
objectives of the dissertation.

4. A brief analytical characterization of the nature and assessment of the credibility of the
material on which the contributions of the dissertation are built.

The dissertation is structured logically and consistently. It contains a list of abbreviations used,
a statement of the relevance of the problem, four chapters, contributions, publications on the
dissertation, references and appendices. The dissertation comprises 125 printed pages and includes
109 figures, 11 tables and two appendices. The structure creates a good sequence — from the general
statement of the problem to the experimental study, the analysis of a real industrial facility and the
simulation modeling.

The first chapter is of an overview and presentational nature. It examines the current state of
RES, the nature of reactive power, the need for its management and the main means of compensation.
Modern strategies for inverter management are also presented - fixed reactive power, fixed power
factor, active-power-dependent control, volt-var, volt-watt and droop control. At the end of the
chapter, the goal and objectives of the dissertation are formulated.

Chapter two examines the control of a photovoltaic inverter. Approaches for measuring
reactive energy are analyzed, the accuracy of these approaches in classical systems and in distributed
generation, as well as the capabilities of a hybrid photovoltaic inverter in compensation mode. The
presented algorithm for controlling reactive power through a photovoltaic inverter is directly related
to the main idea of the dissertation.

The third chapter has a strongly applied character. It examines an industrial facility supplied
by medium voltage cable lines, where significant costs for returned reactive energy are recorded. The
analysis of the cable lines, transformer sections and possible compensation means creates a good basis
for assessing the applicability of the proposed solutions.



Chapter four contains the main part of the simulation studies. Models of STATCOM and
single-phase photovoltaic inverter have been developed, as well as an improved model with a view to
implementing PWM. A comparative and harmonic analysis has been performed, and the results show
that the considered models can perform the compensation task with appropriate sizing and
parameterization.

The reliability of the material is based on the combination of literature analysis, experimental
data, a real industrial case study, simulation models and economic evaluation. This gives reason to
assume that the formulated conclusions and contributions are supported by sufficient material in
volume and nature.

5. Applied-scientific and practical contributions of the dissertation work.

The contributions of the dissertation are classified as applied-scientific and practical
contributions. The applied-scientific contributions include the development of an algorithm for remote
control of the power factor of a photovoltaic inverter, the development of a model for reactive power
compensation using a three-phase grid inverter operating in STATCOM mode, as well as the
development of a model for compensation using a single-phase photovoltaic inverter, including an
improved model with respect to the implementation of PWM.

As a practical contribution, the conducted study of the reactive power conditions of a real
industrial facility and the associated costs for returned reactive energy in the power system should be
evaluated. Based on the analysis, compensation solutions have been proposed using classical
compensation devices and a photovoltaic inverter, and a technical and economic assessment of both
approaches has been made.

I believe that the contributions are real, correspond to the content of the dissertation work and
have scientific, applied and practical value. It is particularly important that the dissertation draws
attention to the possibility of using existing or future photovoltaic inverters not only as sources of
active energy, but also as elements for improving the voltage regime and reactive power.

6. Assessment of the personal contribution of the doctoral student.

The presented results, the developed models, the control algorithm and the applied analysis of
an industrial facility demonstrate the independent research work of the doctoral student. The thematic
connection between the dissertation and the publications on it, as well as the participation of the
doctoral student in the publication activity, give reason to assume that the main results are the personal
work of the author or were obtained with his significant participation.

Upon review of the submitted dissertation, no inconsistencies were found between the
formulated contributions and the content of the work. | find no reason to question the personal
contribution of the doctoral student.

7. Assessment of dissertation publications.

A list of 7 publications related to the topic of the dissertation is presented with the dissertation.
The publications are focused on reactive power compensation, load management, reactive power in
road tunnels, modeling of photovoltaic systems, use of STATCOM and analysis of nonlinear sign-
changing loads.



The publications have been presented at scientific forums such as Junior Conference on
Lighting, BuUlEF, SIELA and ELMA, some of them with DOI. There is also an independent
publication by the doctoral student, which is a positive indicator of his personal participation in the
development and public presentation of the results.

I believe that the publication activity is sufficient to present the main results of the dissertation
work and corresponds to the requirements for acquiring the educational and scientific degree
"Doctor".

8. Using the results of the dissertation work in scientific and social practice.

The results of the dissertation have potential for practical use in the design, operation and
modernization of power supply systems with connected renewable energy sources. The developed
models and algorithm can be used to assess the possibilities of reactive power compensation through
photovoltaic inverters, as well as for comparison with classical compensation devices.

The considered industrial case study has practical value, since similar problems are
encountered in a number of enterprises with medium voltage cable power supplies, nonlinear loads,
power electronics and photovoltaic installations. The proposed approach can support the selection of
a technically and economically justified solution to reduce reactive energy costs and improve the
quality of power supply.

It should also be noted that the results are related to tasks under the research project Contract
No. 212PD0010-01 "Investigation of the possibilities for balancing reactive energy using RES". This
further supports the scientific and applied nature of the development.

The dissertation also has educational value, as it systematizes issues from power theory,
electrical energy quality, reactive power compensation, and the application of electronic converters in
modern power systems.

9. Assessment of the Author’s Abstract.

The presented abstract reflects the main points of the dissertation work. It includes a general
description of the development, relevance of the problem, goal and objectives, research methods,
applied-scientific and practical contributions, approbation and publications on the topic. The content
of the abstract follows the logic of the dissertation work and presents the main results by chapters in
a synthesized form.

The designations of the formulas, tables and figures are consistent with the dissertation work,
and the included graphic material supports the perception of the research conducted. I believe that the
abstract has been prepared correctly, adequately reflects the content of the dissertation and provides a
sufficient idea of the achieved results and the formulated contributions.

10. Critical notes and recommendations.

The following notes and recommendations may be made to the dissertation work, which do
not reduce the overall positive assessment of the work:

» The dissertation contains a limited number of technical, spelling, punctuation and stylistic
inaccuracies, for example on pp. 3, 7, 8, 31 and 77-80. These are mainly related to the inconsistent



use of hyphens in compound adjectives, occasional punctuation omissions and some lengthy
sentences which could be made more concise.

* The literature review could be made more concise in places in order to highlight more clearly the
doctoral student’s own results and their relation to the formulated contributions.

« It is recommended in future developments to expand the experimental verification of the proposed
algorithm with different types of inverters, different manufacturers and a larger set of real
operating modes.

« It would be useful to develop the results into practical engineering recommendations for choosing
between classical compensation, inverter compensation and combined solutions according to the
power, the nature of the load, the available photovoltaic power and the operating mode of the site.

* [ recommend that the doctoral student continue his publication activity on the topic, including in
refereed and indexed scientific journals.

The notes made are in the nature of recommendations for improving the presentation and future
development of the research. They do not affect the essence of the achieved results and do not reduce
the scientific, applied and practical value of the dissertation work.

11. Conclusion.

In conclusion, | believe that the dissertation work of M.Eng. Dzhengiz Yalmaz Ibram on the
topic "Renewable Energy Sources and Reactive Energy Management” represents a completed
scientific and applied work on a problem relevant to modern electric power engineering. The goal was
achieved by solving the formulated tasks, and the presented material is sufficient in volume, content,
methodological consistency and scientific and applied level.

The dissertation demonstrates that the doctoral student possesses in-depth knowledge in the
field of power supply, reactive power management, renewable energy sources, power quality and
modeling of electronic converters. The results obtained have practical applicability and can be used
in the analysis, design and operation of systems with photovoltaic inverters and the need for reactive
power compensation.

On the basis of the above, | give a positive assessment of the dissertation. | therefore
recommend that the esteemed Scientific Jury award the educational and scientific degree “Doctor” to
M.Eng. Dzhengiz Yalmaz Ibram in the field of higher education 5. “Technical Sciences”, professional
field 5.2. “Electrical Engineering, Electronics and Automation”, scientific specialty “Power Supply
and Electrical Equipment of Industry”.
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