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Mar. unx. Atanac Togopo 3axoB € poaeH Ha 13.12.1992 r. B nepuoga ot 2011 no
2015 1. ce oOyyaBa B CIEIUATHOCT ,,ABTOMAaTH3aIMs, WHPOPMAIMOHHA W YIPaBIIsSBaIIA
texauka“ B Texuudecku yHuBepcuteT - Codus, dunman I[lnmoauB u npumodomBa OKC
»bakamapep“. Ot 2015 mo 2018 ce oOyyaBa B cCHeUUAIHOCT ,EleKTpoeHepreTuka u
enektpooO3aBexxknane” Ha TY-Codus, Enexrporexnumuecku ¢akynrer u mnpumooua OKC
»Marucrop®.

Mar. unx. 3ax0B, ciea npoBeneH KoHKype mpe3 2019 r., cve 3anmoen Ne744/12.03.2019
. € B3auWclieH 3a JOKTOpaHT, B 3agoyHa ¢opMa Ha oOydeHHE KbM KaTeapa
,EJIeKTpocHaOIsBaHe, eneKkTpooO3aBekaane U enekrporpadcnopt Ha TY-Codus, mo
npodeCHOHATHO HampaBieHue 5.2 ,, EIeKTpoTeXHUKa, SICKTPOHUKA U aBTOMATHKA", TOKTOPCKa
nporpama ,,EnexrpocHabasiBaHe U enekTpooO3aBexaaHe Ha npomMunuieHocTra. Hayunusr my
pBKOBOaUTEN € o, A-p uHxk. Hukonait CrehanoB MaraHoB.

JIOKTOpaHTHT W3MbJHABA WHAWUBUIYATHUS CHU IUJIaH, ToJlara YCIENIHO MpPEIBUIACHUTE
W3MHUTH, Y4acTBa B Hay4YHH (OPYyMHU, MPEACTABINKA OCHOBHUTE PE3ydTaTH OT paboTaTa CH IO
nucepTanuoHHus Tpya. OTYHCIIEH € ¢ paBo Ha 3amuTa cbe 3anoBea Ne3204/12.10.2023 r.

Ot 2014 r. no cera mar. unx. 3axoB pabotu B EPM 3aman AJl (UE3 Pasnpenenenue
AJl), kaTo MmocaeA0BaTEIHO 3aeMa MMO3UITUUTE: TEXHUK MEpeHe HHUCKO Hampexkenue (2014 r.),
OTYeTHUK n3MmepBarenHu ypeau (2015-2016 r.), koopaunatop otuntade Ha ganau (ot 11. 2016

T.).

1. AkTyaqHOCT Ha pa3pa00TBaHUA B IMCEPTALMOHHUSA TPy NPodJieM B HAYYHO
U HAYYHO-TIPUJIOKHO OTHOIIeHHe. CTeneH M HMBA HA AKTYAJHOCTTAa Ha mpodJemMa u
KOHKPETHUTE 32/1a44 pa3padoTeHu B JUCEPTAIUATA.

[locnegaute rommHM ce HaOMIOJaBa TEHACHIMS Ha HENPEKbCHATO pAa3BUTHE U
YCHBBPIICHCTBAHE Ha MU(GPOBHUTE TEXHOJOTHMH, KAKTO B OWTa, Taka W B HHIYCTPHUATA.
[IpenrMcTBaTa Ha TE3W TEXHOJIOTHH IMO3BOJISIBAT HA TPAAWIIMOHHATA EIEKTPOCHAOAMTETHA
Mpeka J1a €BOJIIOMpa B MHTEIUICHTHA MpPEXa, Ype3 KOSATO J1a C€ OCHIIECTBSIBA KOHTPOJ U
yIOpaBJIE€HUE KAKTO OT €JEKTPOCHAOIUTEIHUTE KOMIIAHMM, Taka M OT MOTPEOUTENUTE Ha
enekTpuyecka eHeprus. HabmonaBa ce pbCcT Ha MPOU3BOJICTBOTO Ha €JIEKTPUUECKA €HEPrusi OT
Bb300OHOBsieMH eHepruiiHu u3TounHui (BEUM), kakTo W W3MOJ3BAaHETO HA EJIEKTPUYCCKH
aBTomMoOmIM. Becruko ToBa ch3aBa peauiia mpodjieMu, KOUTO CJIEBa J]a Ce peliaBaT B Ipoleca
Ha MPOMU3BOCTBO, IPEHOC, pasNpeesieHue U MOTpeOIeHHEe Ha elIeKTpUYecKaTa eHeprusl.

[IpaBuHO menTa Ha gucepranuara € (QopMyiaupaHa KaTo IMOBUIIABaHE Ha
e(EKTUBHOCTTa Ha Pa3MPENeIUTEIHUTE MPEKH, 3aXpaHBaIlM CHJIHO ypOaHWU3WpaHW PaoOHH,
Yype3 TpujaraHe Ha WHTEIWTCHTHH MPEKHA W YIOpPaBICHUE HA EJICKTPUYCCKUTE TOBAPH.
3amaynTe, KOUTO ca TIOCTAaBEHU B JUCEPTAMOHHUS TPYIl M CE€ pelIaBar ca: pa3paboTBaHE Ha
MaTeMaTHYeCKH MOJENH, aJIrOPUTMU U IPOrpaMu 3a HM3CIeABaHE Ha 3apsHA CTAaHIMU Ha
CJIEKTPUYECKH aBTOMOOWIM; pa3paboTBaHE HAa AJIrOPUTMU U KOMIIIOTBPHU TMpPOTpamMu 3a
yhpaBiieHue Ha paboTaTa Ha TpyIa 3apsIHU CTaHIMH; pa3pab0TBaHE HA METOIMKA U aJiTOPUTMHU
3a yIpaBJ€HHE Ha EJEKTPUYECKUTE TOBApU B IKWIMILHU Crpajad; ONTUMHU3HpAHE Ha
NOTPEOJIICHUETO Ha EJIEKTPUYECKa CHEPTHsl B )KUIIMIIHU CTPaJIH.



N3noxeHoTo IMOTBBpKAaBa, 4€ TEMAaTa Ha JUCEpTalUATA € aKTyaJlHa KaKTO B HAay4HO,
TaKa U B HAYYHO-IIPUJIIOKHO OTHOIICHHEC. HOJIy‘-ICHI/ITC pe3yiaTat, NpPCAIIOKCHUTE MOJICIIH,
AITOPUTMH W IIpOrpaMu MOraT Aa CC€ H3IMIOJI3BAT IMPU MPOCKTHUPAHETO M CKCILNIoAaTaluATa Ha
HWHTCJIMTCHTHU PAa3IpPEACIIUTCIIHU MPCIKU.

2. CremeH Ha TmoO3HAaBaHe CbCTOSIHHETO Ha mpodjieMa M TBopYecKa
HHTepHpeTanus HA JUTEPATyPHUSI MaTepHal.

ChcTOsIHHETO Ha mpoliieMa € MPEeACTaBeHO B MbpBa IjaBa Ha JUCEPTAILMOHHHS TPY.
Ananmm3upanu ca o6mo 107 nurepaTypHM M3TOYHMKA Ha JIATUHUIA, OT KOUTO 13 mMHTEpHET
ctpanunu. Bewuku ca myOnmukyBanm B mepuoga ot 2000 mo 2023 roamHa BKIIOYHTEIHO.
HampaBen e KpuTHuYEH aHaIW3 Ha JIMTEPATYpPHUTE HM3TOYHUIM TIO BBIPOCHUTE 3acsATaIld
paspaborkara. OT aHajM3a ca HaNpaBEeHU W3BOAM, IOCTaBeHa € LenTa U ca (HopMyJIUpaHU
3a/la4nTe 3a MMOCTUTaHE Ha ILeNTa Ha AucepTanuoHHus Tpya. Llenra u 3agaunTte ca mpaBUITHO
dbopmynrpaHy, 3HAYUMHU ca U CHOTBETCTBAT HAa HUBOTO M M3UCKBAaHUATA 3a MPHUIOOMBAHE Ha
OHC ,,nokTop".

Cuutam, 4ye AOKTOPAHTHT MO3HABA JOOpE CHCTOSHUETO Ha MpolieMa, Karo OICHSIBa
TBOPUYECKH JIUTEPATYpPHHsSI MaTepual W WHTEPIpPETHpa aIeKBaTHO W3BECTHHUTE JIOCETa
pe3yNTaTH, 3a HYXJIUTE Ha COOCTBEHOTO My H3cieABaHe. ToBa My € Jajlio0 BB3MOXHOCT J1a
¢dopMyiupa sicHa LI U 33/1a44 Ha TUCEPTALUOHHUS TPYI.

3. CroTBeTCTBHE HA n36paHaTa METOAMKA HA M3CJICABAaHC U IMoCTaBeHaTa nmeji1 u
3aJa4Y1 HA JHCCPTAIIUMOHHHUSA TPy ¢ HOCTUTHATUTE MPHUHOCHA

OCHOBHHTE METOJIU Ha pabOTa, U3IMOJI3BAHH MPH PEIIABAHETO HA MOCTABCHHUTE 33/1a4YH B
JMCEPTALMOHHUS TPYJ OT aBTOpa Ca TEOPETHYCH aHallu3, MOJCIUpaHe, CUMYJAIus,
AQHAIMTHYHA METOIH. Pa3paboTeHH ca CUMYJIAMOHHH MOJENIH, AJTOPHUTMH M KOMITFOTHPHH
nporpamu, padoreru B cpeaa Matlab/Simulink.

Pa3paboTeHnTe MOJCIH, AITOPUTMH W MPOrpaMH OTrOBApAT HA IEITa M 33JaYuTe Ha
JMCEPTAIllMOHHUS TPy, aJC€KBaTHM ca W ca TOJIE3HH 3a MPaKTUKaTa, KAaKTO Ha eTam
NPOEKTUpaHe, Taka © [P CKCIUIOATAlUATa W  YOPABICHHETO HA  ChIIECTBYBAIIN
pasIpeenuTesIHn Mpexu. Pa3paboTeHu ca JiBe 1a00paTOpHH YIPaKHEHUsI, KOUTO MOTAT Jia ce
U3M0J13BaT B y4eOHUS ITPOIIEC.

OreHsiBaM, 4ye METOJIUTE 32 U3CIICBaHE, M30paHU OT aBTOpA ca ChbBPEMEHHH, OCHOBAaBAaT
ce Ha 100pe M3BECTHH M YTBBHPACHU B HaydyHaTa MPAKTUKA METOAM M TEXHUYECKU CPEICTBA,
KOETO € MpEANOCTaBKa 3a JOCTOBEPHOCT Ha IMOJYYCHUTE pe3ynTatu. Pesynratute ca
NPECTABEHH M KOMCHTHPAHH JOCTATHYHO MOAPOOHO M TMOTBBPKIABAT CHOTBETCTBHETO HA
n30paHaTa METO/IMKA Ha U3CieiBaHe ¢ GOPMYITUPAHUTE 1IeT U 3aJaUH.

4. Kparka aHAJIMTH4YHA XApPaKTEPHUCTHKA HA eCTeCTBOTO M OIEHKAa Ha
JOCTOBEPHOCTTA Ha MaTepuaja, BbPXY KOWTO ce TrpagsaT MNPHUHOCHUTE Ha
AUCEPTANUOHHMS TPYA.

JucepraimmoHHuST Tpyn € paspaboren B obem or 111 crpanumm wmznoxxkenue u 13
ctpanuny npunoxeHus. Ceappxa 51 ¢urypu, 14 tabnumu u ca nznonssanu 107 nmutepatypHu
u3rouHuka. CTpyKTypaTa My BKJIIOYBA ChIbp>KaHUE, CIIUCHK HAa (PUTypH, CIIUCHK Ha TaOJIMIIH,
CHHUCHK Ha HM3IMOJI3BAHUTE CHKPAILLEHUS, YBOJ, YETUPH TJaBH, 3aKJIIOUeHUE ¢ 000OIIeHHEe Ha
MPUHOCUTE KBM TPYJa, CIUCHK Ha IUTHUpAHATA JIUTEpaTypa W 2 TPHIOKEHUS. ABTOPHT €
MPWIOKUII CIIUCHK C 5 MyOJIMKaINK, CBbP3aHu C IUCEepTallMOHHATa padoTa.

B nppBa riaBa e HanpaBeHO NMPOYYBaHE UM aHAJIM3 HAa PA3BUTHETO HA Pa3NpEACIIUTEIIHUTE
MPEKHU B TPAJOBETE — TEHACHIINH 32 MTPEXO0/1 OT KOHBEHIIMOHAIHA KbM MHTEIUTCHTHH MPEXH U
npo0JIeMH, KOUTO Ce MOpakaaT. ABTOPBT MOCOYBA, Y€ MPEXOAbT KbM HHTCIUTCHTHU MPEKHU B
bearapus e B HadaseH erar, OpoAT Ha €JIEKTPUYECKUTE aBTOMOOWIIM TIPe3 MOCiIeIHaTa ToInHa
(2023 r.) HapacTBa, HO Bce omie ¢ Manbk. Crpajure W JOMAKWHCTBAaTa Ce SBSBAT CIAWH OT
OCHOBHUTE KOHCYMAaTOpH Ha €JEKTpUYECKa EHEeprus, MpH KOUTO MMa 3HAUYUTEJIEH pecypc 3a



MOBHIIIABaHE Ha €(EKTUBHOTO M3IIOJI3BAaHE HA CIICKTPHUYECKATa CHEPIHUs, Ype3 MU3IMOJI3BaHEe Ha
BEW, kakto 3a cOOCTBEHH HYXAM, Taka W 3a Npojaxba Ha eIeKTpUYecKa CHeprus Ha
eNEKTPOCHAO U TEIHITE pyKecTBa. ToBa Hajara yChbBbPIICHCTBAHE HA U3IOJI3BAHUTE CUCTEMU
U QITOPUTMHU 3a YOpaBJICHHWE, 3a Ja MOraT Ja Ce H3M0J3BaT  BBH3MOXKHOCTUTE Ha
UHTCIUTCHTHUTE Mpexu. DOpMynupaHH ca [elTa M 3aJaduTe, KOMTO Ce€ pelaBaT B
JMCEPTAILIMOHHUS TPY/L.

Bropa rmaBa uma 3a 3amada MojenaMpaHe Ha paboTara Ha 3apsHUA CTAaHIMKA Ha
eJIeKTpHUECKH aBToMoOmn. Paspaboren e moxen B cpema Matlab/Simulink wa 3apexxmane u
paspexxaane Ha Li-ion Oatepust, 3axpaHBaHa OT HUICAJICH M3TOYHUK HA HampekeHue. MoaenbT
J1aBa BB3MOXKHOCT 3a peryjMpaHe Ha TOKa Ha 3apekIaHe W pa3pekaaHe Ha OaTepusra.
PaspaboteHa e ymnpasisiBaiiia CHCTEMa Ha MOCTOSIHHOTOKOB PEryJiaTop 3a pabota Ha GaTepusra
B 1Ba pexxuma - G2V (Grid to Vehicle) u V2G (Vehicle to Grid). Pazpaboren e monen B cpena
Matlab/Simulink Ha 3apsaHa craHius, 3axpaHBaHa OT MpeKaTa C peryjMpaHe Ha TOKa Ha
3apeXIaHe U pa3pekaaHe Ha OaTepusTa Ha CICKTPHUYCCKHsS aBTOMOOHJ B JiBaTa peXMMa Ha
pabora. 3a Bepudukaus Ha paboTaTa Ha pa3padOTEHUTE MOJEIN CE M3IOI3BAT J[BA MOIXO/A:
BepuduIupane Ha paboTaTa Ha OTIACIHHUTE TMOJACUCTEMH Ha 0a3aTa Ha H3MBJIHEHHETO Ha
OYAaKBaHUTE OT TAX (DYHKIMH, ONMHCAHMW B JUTEparypara W 4pe3 OajaHC HA MOIIHOCTHTE B
OTACJIHUTE BB3JIH. ABTOPBHT MOCOYBA, Y€ aHAIM3a MOKa3Ba ajeKBaTHa paboTa Ha MOJICIUTE,
KOETO MO3BOJISIBA M3MOI3BAHETO UM 3a W3CJICIOBATEICKU Ieu. Pa3paboTeHUTe MOJENN MOTraT
Jla ce M3IOJI3BaT 3a pa3paboTBaHE W TECTBAHEC HA AITOPUTMHU M MPOTPAMU 3a YIPaBICHUE Ha
rpyna 3apsjaHd CTaHIWH. Pa3paboTeHu ca [Be J1abopaTOpHH YHpaKHEHUs (majeHd B
[Mpunoxenue 2) 3a U3MOA3BaHE HA JBaTa MOJIE/Ia Ha 3apsIHK CTAHIIUKM B y4eOHHUS MPOIEC — 3a
oOyuenue Ha crygeHTure or OKC ,,Maructbp* U JOKTOpaHTH.

B Tpeta riaBa ¢ HanmpaBeHa KJIaCH(DUKAIUS HA TUIIOBETE yIPaBJICHHE HA HATOBAPBAHETO
HAa Tpyla 3apsOHA CTAaHIMK 33 EJICKTPHUYECKH aBTOMOOWIH. PaspaboTeH € anroputrhm 3a
yIpaBicHUE Ha TPyMa 3apsaHU CTAHIUKM OT THIM |V — UHTEIUTeHTHO YIPaBICHUE HA 3apsIHH
CTaHIIMM. 3a OIleHKa Ha paboratra Ha airopuThMa € pa3paboTeH B  cpeza
Matlab/Simulink/Simscape/Electrical momen Ha 3axpaHBaHe Ha crpajga W 3apsiIHU CTAHIUH C
OrpaHHYEeHa 3axpaHBallla MOIHOCT U MPOMEHINB TOBapoB rpaduk. Hampasena e Bepudukarus
Ha aJITOPUTHMA IIPH JIBAa BapHaHTa Ha paboTa Ha Mojena — 0e3 U ¢ OrpaHUYCHUE HA I[CHATa Ha
CIICKTpUYECKaTa CHeprus. Pe3yiraTure OT CHMYyJAIMUTE IOKa3BaT KOpPEKTHAa paboTa Ha
Mojiena. Pa3paboTeHHsT aJropuThbM U MPUIIOKCHUST MOTAT JIa C€ U3MOJI3BAT MPH YIPABICHUETO
Ha 3apsiHaTa HHQPACTPYKTypa 3a eJCKTPHUSCKH aBTOMOOHITH.

B derBBbpTa IN1aBa ¢ CHUHTE3WpaHa OJOKOBAa CXeMa Ha HMHTCIUIEHTHA CHCTEMa 3a
CHEPrUeH MEHH/DKMBHT Ha KWIHIIHA Crpaaa. Pa3paboTeH ¢ aJropuThbM 3a yIpaBJICHHE Ha
NOTPEOJCHUETO Ha EJEKTPUYECKAa CHEPrHs B >KWIHMIIHH CTpajd, KOWTO € B OCHOBaTa Ha
U3rPAKIAHETO HA €JHA WHTCIIMTCHTHA CUCTEMA 3a CHEPrHMEeH MEHUKMBHT. 3a ONMTHMH3HpaAHE
Ha TOBapoBUs rpadK Ha MOTPEOJICHUE HA EJICKTPUYECKATa CHEPrHsl B KUJIMIIHH CTPAIH ca
CHCTaBCHU 1eJIeBU (DYHKIIMHU 332 ONTUMHU3UPAHE HA Pa3XOJUTE 32 CICKTPUIECKa CHEPIrHs 3a JBa
BapuaHTa - 3aXpaHBaHE CaMoO OT OOIIECTBEHATA CJICKTPOCHAOIUTEIHA MPEKa U 3aXpaHBaHE OT
cobcTBeHa (HOTOBOJITAMYHA IIEHTPAla C BB3MOXHOCT 3a ChXPAaHCHHE Ha CHEPrusi U BPB3Ka C
CJIICKTPOCHAOIUTETHATA MPEKa.

JlucepranusTta 3aBbpIIBA C KOHKPETU3UPAHE HA MPUHOCUTE HA JIMCEPTAIIMOHHUS TPY/I,
KaTo Te ca KiJacu(UIMPaHU KaTo HAYYHO-TIPHIIOKHH U MPHIOKHH TPUHOCH.

Bcuuko ToBa MM JlaBa OCHOBaHHE Jia MPHEMa, Y€ MaTEpUAIbT BbPXY KOWTO CE TpajsT
HNPUHOCHUTE € JJOCTAThUEH KaTO KOJMYECTBO M Ka4eCTRO.

5. HayyHu 1 HAyYHO-NPUJIOKHHM NPHUHOCH HA IUCEPTAIMOHHUS TPY/

B nucepraumoHHMAT Tpyn ca QopMyiaupaHu 3 HAYYHO-TIPWJIOKHHU U S5 TPHIOKHU
npuHoca. [loTBbpkaaBam npeTeHaAupaHUTe OT JOKTOpaHTa mpuHOocu. PazpaboTenu ca mojaenu,
QITOPUTMU U TPOrpaMu 3a IMOBHUIIABaHE Ha €()EKTHUBHOCTTA Ha Pa3NPECIUTEIHUTE MPEKU
ype3 IMpujaraHe Ha HWHTEJIUTEHTHU MpPEXU U YIpaBJIE€HUE HA EJIEKTPUYECKUTE TOBapH.
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M3non3BaHu ca ChbBPEMEHHH COPTYepPHU MPOAYKTH. [IpeiiosKeHUTe MOJICNN ca anpoOupaHu B
cumynannonnara cpeaa va Matlab/Simulink. C paspaboTenute 1abopaTopHH yrnpakHEHUS Ce
JlaBa BB3MOYKHOCT 3a MPUJIOKCHUE Ha Ch3IacHUTEe CO(MTYepHH MPOAYKTH 3a MPOBEXIAHE Ha
U3CIICIBAHUSI.

B 0000111eH BU MPUHOCHT HA JAUCEPTAIMOHHUS TPYA MOXeE Ja Objae OmpeaesieH KaTo
pasmpsiBaHe W o0oraTsBaHe Ha MO3HAHHUATa B OOJACTTa HA PA3BUTHETO HA TPAICKUTE
pa3npeneIuTeTHE MPEXHU, TpaHCPOpMAIMITa UM B WHTEIUTCHTHH MPEXU M TOBUILABAHE HA
eHepruiinarta eeKTHBHOCT. Pa3paboTeHute B paboTata MOJIENH, AITOPUTMU U KOMITIOTHPHH
IpOrpaMu MOTaT Jia Ce U3IMOJI3BAT Ha €Tall MPOSKTHPAHE U MPU SKCILIOATALIUS.

OCHOBHHUTE MPUHOCH HA MPEICTABCHUS JUCEPTAIMOHEH TPYJ MOTaT ja ce 000OIIAT B
CIICIHOTO: JIOKa3BaHEe C HOBH CPEJCTBA HA CHIICCTBEHU HOBH CTPAHH B ChINECTBYBAIIN HAYYHH
npobJieMH ¥ TEOpUM; Ch3IaBaHe Ha MOJEJ, METOJI Ha W3CJe[BaHe; MOJyJYaBaHe Ha
HOTBBPAUTETHE (aKTH. BB3MOKHOCTUTE 3a MPHIOKHUMOCT HA PE3yATaTHTE OT HaydHATA W
U3CIIeI0BATEICKATa JICHHOCT Ha JIOKTOpaHTa € BHCOKa. ToBa ce BIK/A OT OpOsi Ha IUTHPAHUATA
Ha nmyOsmkaruu Ha qokropanta (50 nutupanus).

[IpuemaM NpETEHIMKUTE HA TOKTOPAHTA IOCOYCHU KATO HAYYHO-TIPHUIOKHU U TPUIIOKHH
npuHocH. HanpaBeHUTe W3BOIU U 3aKIFOUCHHS OTTOBAPSAT HA MOJIYYEHOTO B AUCEPTALIUATA.

6. OueHKa HA CTeNEeHTA HA JINYHOTO YYACTHE HA JUCEPTAHTA B IPUHOCHUTE.

OL[CHS[BEIM CTCIICHTA HaA JIMYHO YY4CTHC Ha JAJOKTOpaHTa B TakKa Q)opMyanaHHTe
IMPUHOCHU KaTO MHOI'O BUCOKa. HY6HI/IK3HI/II/ITC, ABTOPCKUAT UM CbCTAB U q)Op}IMI/ITC, Ha KOUTO Ca
HN3HCCCHU II0OKa3BaT, Y€ IIOCOYCHUTC IIPHMHOCH Ca JIMYHO JCJIO0 Ha JOKTOpaHTa WJIN C
peuiaBamoTo My y4acTuc. He OTKpHUBaM IJIaruaTCTBO.

7. Ilpenenka Ha MyOJMKAMUTE MO JUCEPTAITMOHHUS TPY/

CrnucheKbT ¢ MyOIMKaMUTE Ha aBTOpA MO TeMaTa Ha JUCEPTAMOHHUS TPY/ BKIIOYBA 5
nyOJIMKaluyu B ChaBTOPCTBO: 2 C €QMH CHhABTOp W 3 C JABama chaBTopa. [lyOmukanuwure ca
npencraBenn Ha Electrical Engineering Faculty Conference, crotBetno BUulEF2019,
BulEF2020, BulEF2021, BulEF2022, BulEF2023 u ca namuunu B 0Oa3ara nannu SCOPUS.
[IpencraBenuTe myOaukanuu ca mo mnokaszaten ['7 (o6mo 79,98 touku) Ha [lpaBuiHuka 3a
yCIOBHSATA U pena 3a npuaoduBaHe Ha HayyHu creneHH B TY-Codus u umat ob6mo 50 6pos
nutupanust (12 o6mo 500 touku). ABropbT € ¢ h-index 3. IlyOnukannoHHaTa IEHHOCT Ha
Mar. uHX. ATaHac 3axoB nokpuBa MuHuManHute usnckBanus 3a OHC ,,moktop*. ToBa mu naBa
OCHOBaHHWE J]a TIpHEMa, 4e pe3yJTaTUTe OT paboTaTa Ha JOKTOpPaHTAa B JOCTAaThUHA CTEIMEH ca
MPeICTaBEHN HA HayYHaTa OOIIHOCT.

8. U3nmoa3BaHe Ha pe3yaTaTuTe OT JAUCEPTAMOHHHUSA TPYA B HAay4yHATa M
COIMAJIHATA MPAKTHKA

Currtam, 4e TNPEUIOKEHHIT IUCEPTAlMOHEH TpyI NpEeACTaBisiBa €IHA 3aabI0OYCHA
HAyYHO-M3CIIEJIOBATENICKa pa3paboTka. Pa3zpaboTeHuTe nBe 1abopaTOpHU YHpPaKHEHUS TaBaT
BB3MOKHOCT 3a TMpWJIaraHe Ha pe3ylaTaTuTe OT aucepranusra (pa3paboTeHH, MOJENH,
QITOPUTMU U MIPOTPaMHU) B OOYUECHUETO Ha CTYICHTHTE U JOKTOPAHTHUTE.

9. OmeHka Ha CHOTBETCTBHETO Ha aBTopedepaTra ¢ WH3NCKBAHUATA 32
U3TOTBSIHETO MY, KAKTO W Ha aJeKBAaTHOCTTA Ha OTpa3siBaHe Ha OCHOBHHTE
MOJIOKEHNs ¥ IPUHOCHTE HA TUCEPTANMOHHUS TPYA.

ABtopedeparsT € m3rorBeH chriiacHo wusuckBanusta Ha 3PACPB u TITI3PACPB.
ChpabpKaHUETO My CIIE€/IBa HAITBJIHO TOBAa Ha JMCEPTAlMOHHMS TPYA M aJE€KBATHO OTpa3siBa
OCHOBHUTE TOJIOKEHUSI U TPUHOCH HA IUCEPTAMOHHUS TPY/I.

10. MHeHus1, NpenopbKU U 0es1e:KKU

JlucepTaliuoOHHHUST TPYN pas3riexaa npoOJeMH, CBbpP3aHW C pPa3BUTHETO Ha
pasnpeeuTeIHUTE MPEXKU UYpe3 NpujlaraHe Ha HMHTEJIUTeHTHH MPEXH M yNpaBiIeHUE Ha
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enekTpuueckute ToBapu. OCBEH MpakTHYeCKaTa CTpaHa, IUCEPTALIMOHHMS TPYyJ HMa H
oOpa3oBaTenHa, CBbp3aHa ChC 3aIBJIOOYCHOTO TO3HABaHE Ha 3acerHaTtute BbOpocH. Ha
IPEBAPUTEIIHOTO OOCHKAaHE Ha IUCEPTAI[MOHHUS TPYJ OTIPABUX PEIHIAa MPETNOpbKU MO
oopMIIeHHETO, CTPYKTypaTa, HW3JI0KEHHUETO, MPUHOCUTE M Jp., KOUTO ca HAMbIHO WIIH
YaCTUYHO M3MBIHEHU. 3a0€Ne)XKUTE U MPENOPbKUTE, KOUTO MOTa Ja HAaIpaBs ca!
- B Tekcta MMa HETOYHOCTH OT TEXHHUYECKH Xapakrep (IpaBOMMCHU M CTUIOBU
TPELIKN).
- Cuyuram, ye Ou MoOrjo mpu OpOPMSHETO HAa OTIACITHHUTE IJIaBH HA JAUCEPTALMOHHUS
TPy, T€ da ca paBHOCTOWHHU. OOEMbT Ha MBbpPBAa M BTOpPA TjaBa € MHOTO TOJISIM B
CpaBHEHHE C TpeTa U YeTBbPTa IJIaBa.
- Jla mpoabmku wM3cneABaHUATA B Ta3u obOmacT U B Objemie, kato paboTu 3a
BHE/pSIBaHE Ha pa3pabOTEHUTE MOJEINH, aITOPUTMH U IPOTPAMH.
- Jla myOnmkyBa caMOCTOSATENHH MyOIMKAlMu B pedepupaHd W HHAEKCHPAaHU
U3JJaHMUS.

11. 3akaouenue

B 3akmouenue cuurtam, 4e IUCEPTAMOHHUAT TPyl MMa HayIHO-TIPUIIOKHA CTOWHOCT U
MOKa3Ba 3HAHUS IO pa3riexaaHuTe BbIpocH. [locTaBeHaTa B IuMCEPTAIMOHHUS TPYI LET €
NOCTUTHATA, NPEJJIOKEHUSAT MaTepuall € JOCTaThYeH IO ChAbpPKAHME, O00€M M HUBO H
ynosieTrBopsiBa n3rckBanuara Ha 3PACPB u na ITYPIIHC B TY—Codus.

Karo mmam mnpenBus BCHUYKO Ka3aHO IO-TOpe, JaBaM MOJIOKMTEJHA OIEHKa Ha
JUCcEepTalMOHHMS Tpyd. ToBa MU /1aBa OCHOBaHUE J1a MpeJuioka Ha yBaxkaeMoTto HayuHo xypu
Jla IpUChAU oOpa3oBaTesiHaTa U Hay4yHa CTEIEH ,,JOKTOpP” Ha Mar. mH:K. Atanac Togopos
3axoB, B oOmact Ha Bucmie oOpazoBanue 5. , TexHuueckum Hayku“, Tpo(PECHOHAITHO
HarnpaBieHue 5.2 , EIeKTpOTeXHHKa, EJEKTPOHMKAa M aBTOMATHKAa , Hay4yHa CHELUUATHOCT
,,EJIEKTpOoCHAOIIBaHE M CIEKTPO003aBEeKIaHEe HAa MPOMHUIIICHOCTTA .

30.09.2024 1. Pernensenr:
Codus (morr. a-p mmk. Ceetitana lIBeTkoBa)
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M. Sc. Atanas Todorov Zahov was born on 13.12.1992. From 2011 to 2015, he studied
in the "Automation, Information and Control Technology" specialty at the Technical University
of Sofia, Plovdiv branch, and obtained a Bachelor's degree. From 2015 to 2018, he studied in
the "Electrical Power Engineering and Electrical Equipment” specialty at the Technical
University of Sofia, Faculty of Electrical Engineering, and obtained a Master's degree.

After a competition held in 2019, M. Sc. Zahov was enrolled as a doctoral student, with
Order No. 744/12.03.2019, in a part-time form of study at the Department of "Electricity
Supply, Electrical Equipment, and Electrical Transport™ of the Technical University of Sofia, in
professional field 5.2 "Electrical engineering, electronics, and automation"”, the doctoral
program "Power supply and electrical equipment of the industry.” His scientific supervisor is
Associate Professor Nikolay Stefanov Matanov, Ph.D., Eng.

The doctoral student fulfills his individual plan, successfully passes the scheduled
exams, participates in scientific forums, presenting the main results of his work on the PhD
thesis. He was deregistered with the right of defense by Order No. 3204/12.10.2023.

From 2014 until now, M.Sc. Eng. Zahov has worked at ERM Zapad AD (CHEZ
Razpradelenie AD), successively holding the positions of low voltage measurement technician
(2014), meter recorder (2015-2016), and data reporting coordinator (from 11. 2016).

1. Relevance of the problem developed in the dissertation in scientific and
scientific-applied terms. Degree and scale of the actuality of the problem and the
specific tasks developed in the PhD thesis.

Recent years have revealed a trend of continuous development and improvement of
digital technologies, both in the domestic and in industry areas. The advantages of these
technologies allow the traditional electricity supply network to evolve into a smart grid through
which control and management can be carried out by both electricity supply companies and
electricity consumers. There is a growth in the production of electricity from renewable energy
sources (RES), as well as the use of electric cars. All this creates several problems that should
be solved in the process of production, transmission, distribution, and consumption of electrical
energy.

Rightly, the aim of the PhD dissertation is formulated as increasing the efficiency of
distribution networks supplying highly urbanized areas by implementing smart grids and
electrical load management. The tasks that are set in the PhD thesis and are solved are the
development of mathematical models, algorithms, and programs for the study of electric vehicle
charging stations; the development of algorithms and computer programs for managing the
operation of a group of charging stations; development of methodology and algorithms for
managing electrical loads in residential buildings; optimization of electricity consumption in
residential buildings.

The above confirms that the topic of the dissertation has a high degree of relevance both
in scientific and scientific-applied terms. The obtained results, proposed models, algorithms,
and programs can be used in the design and operation of intelligent distribution networks.



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

The state of the problem is presented in the first chapter of the PhD dissertation. A total
of 107 literary sources in Latin were analyzed, of which 13 were internet addresses. All were
published in the period from 2000 to 2023. A critical analysis of the literary sources on the
issues relevant to the topic of the thesis was made. Conclusions have been drawn from the
analysis, the goal has been set and the tasks for achieving the goal of the dissertation work have
been formulated. The purpose and tasks are correctly formulated, they are significant and
correspond to the level and requirements for awarding the educational and scientific degree
"PhD"

| believe that the doctoral student knows the state of the problem well, creatively
evaluates the literary material, and adequately interprets the results known so far, for the needs
of his own research. This has given him the opportunity to formulate a clear goal and tasks for
the PhD dissertation.

3. Correspondence of the chosen research methodology and the set goal and
tasks of the dissertation with the contributions achieved.

The main working methods used in solving the tasks set in the dissertation work by the
author are theoretical analysis, modeling, simulation, and analytical methods. Simulation
models, algorithms, and computer programs running in Matlab/Simulink environment have
been developed.

The developed models, algorithms, and programs that correspond to the purpose and
tasks of the dissertation work are adequate and useful for practice, both at the design stage and
in the operation and management of existing distribution networks. Two laboratory exercises
have been developed that can be used in the learning process.

| appreciate that the research methods chosen by the author are modern, and based on
well-known and established scientific practice methods and technical means, which is a
prerequisite for the reliability of the obtained results. The results are presented and commented
on in sufficient detail and confirm the compliance of the chosen research methodology with the
stated goals and objectives.

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

The PhD dissertation was developed in a volume of 111 pages of exposition and 13
pages of appendices. Contains 51 figures, 14 tables, and 107 literary sources. Its structure
includes a table of contents, a list of figures, a list of tables, a list of abbreviations used, an
introduction, four chapters, a conclusion with a summary of the contributions of the work, a list
of cited literature, and 2 appendices. The author has attached a list of 5 publications related to
the dissertation work.

In the first chapter, a study and analysis of the development of distribution networks in
cities is made - trends for the transition from conventional to intelligent networks and problems
that arise. The author points out that the transition to smart grids in Bulgaria is at an initial
stage, the number of electric cars in the last year (2023) is growing but is still small. Buildings
and households are one of the main consumers of electrical energy, where there is a significant
resource for increasing the efficient use of electrical energy, through the use of RES, both for
their own needs and for the sale of electrical energy to the electricity supply companies. This
requires improvement of the used systems and control algorithms to be able to use the
capabilities of smart grids. The purpose and tasks that are solved in the dissertation work are
formulated.



The second chapter has the task of modeling the operation of charging stations for
electric cars. A model in Matlab/Simulink environment of charging and discharging of a Li-ion
battery powered by an ideal voltage source is developed. The model makes it possible to adjust
the charging and discharging current of the battery. A DC regulator control system has been
developed for battery operation in two modes - G2V (Grid to Vehicle) and V2G (Vehicle to
Grid). A model has been developed in the Matlab/Simulink environment of a charging station
powered by the network with the regulation of the charging and discharging current of the
battery of the electric vehicle in both modes of operation. Two approaches are used to verify the
operation of the developed models: verification of the operation of the individual subsystems
based on the performance of their expected functions, described in the literature, and by power
balance in the individual nodes. The author indicates that the analysis shows adequate operation
of the models, which allows their use for research purposes. The developed models can be used
to develop and test algorithms and programs for managing a group of charging stations. Two
laboratory exercises (given in Appendix 2) have been developed for using the two models of
charging stations in the educational process - for training the students of the Master's course and
doctoral students.

In the third chapter, a classification of the types of load management of a group of
charging stations for electric vehicles is made. An algorithm has been developed for the
management of a group of charging stations of type IV - intelligent management of charging
stations. To evaluate the performance of the algorithm, a model of the power supply of a
building and charging stations with limited power supply and variable load schedule was
developed in Matlab/Simulink/Simscape/Electrical environment. Verification of the algorithm
was made in two versions of the model - without and with a limit on the price of electricity. The
results of the simulations show the correct operation of the model. The developed algorithm and
applications can be used in the management of the charging infrastructure for electric vehicles.

In the fourth chapter, a block diagram of an intelligent system for energy management of
a residential building is synthesized. An algorithm has been developed for managing the
consumption of electrical energy in residential buildings, which is the basis for the construction
of an intelligent energy management system. To optimize the load schedule of electricity
consumption in residential buildings, objective functions have been compiled to optimize
electricity costs for two options - power supply only from the public electricity supply network
and power supply from its photovoltaic plant with the possibility of energy storage and
connection to the power supply network.

The dissertation ends with a specification of the contributions of the dissertation work,
which are classified as scientific-applied and applied contributions.

All this gives me a reason to assume that the material on which the offerings are built is
sufficient in terms of quantity and quality.

5. Scientific and/or scientific-applied contributions of the dissertation.

In the PhD dissertation, 3 scientific-applied and 5 applied contributions are formulated. |
confirm the contributions claimed by the PhD student. Models, algorithms, and programs have
been developed to increase the efficiency of distribution networks by implementing smart grids
and managing electric loads. Modern software products are used. The proposed models are
tested in the Matlab/Simulink simulation environment. With the developed laboratory exercises,
it is possible to apply the created software products for conducting research.

In summary, the contribution of the dissertation work can be defined as expanding and
enriching knowledge in the field of the development of urban distribution networks, their
transformation into smart networks, and increasing energy efficiency. The models, algorithms,
and computer programs developed in the work can be used at the design stage and during
operation.



The main contributions of the presented dissertation work can be summarized in the
following: proving with new means essential new sides in existing scientific problems and
theories; model creation, research method; and obtaining corroborating facts. The possibilities
of applicability of the results of the doctoral student's scientific and research activity are high.
This is evident from the number of citations of the PhD student's publications (50 citations).

| accept the doctoral student's claims as scientific-applied and applied contributions. The
drawn conclusions and conclusions correspond to what was obtained in the dissertation.

6. Assessment of the degree of personal involvement of the PhD student in the
contributions.

| assess the degree of personal involvement of the doctoral student in the contributions
formulated in this way as very high. The publications, their authorship, and the forums in which
they were presented show that the mentioned contributions are the personal work of the doctoral
student or his decisive participation. I didn't find plagiarism in his work.

7. Assessment of the publications on the PhD thesis

The author's list of publications on the topic of the dissertation includes 5 co-authored
publications: 2 with one co-author and 3 with two co-authors. The publications were presented
at the Electrical Engineering Faculty Conference, BulEF2019, BulEF2020, BulEF2021,
BulEF2022, and BulEF2023 respectively, and are available in the SCOPUS database. The
presented publications are according to indicator D7 (total 79.98 points) of the Regulations for
the conditions and procedures for acquiring scientific degrees in the Technical University of
Sofia and have a total of 50 citations (E12 total 500 points). The author has an h-index of 3. The
publishing activity of M. Sc. Atanas Zahov meets the minimum requirements for PhD degree.
This gives me reason to assume that the results of the doctoral student's work have been
sufficiently presented to the scientific community.

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

| believe that the proposed dissertation work represents an in-depth research
development. The developed two laboratory exercises provide an opportunity to apply the
results of the dissertation (developed, models, algorithms and programs) in the education of
students and doctoral students.

9. Assessment of the compliance of the abstract with the requirements for its
preparation, as well as the adequacy of reflecting the main points and contributions of
the dissertation work.

The abstract has been prepared in accordance with the requirements of the Law for the
Development of Academic Staff in the Republic of Bulgaria and the Regulations for its
implementation. Its content fully follows that of the dissertation and adequately reflects the
main points and contributions of the dissertation.

10. Opinions, recommendations and remarks

The dissertation examines problems related to the development of distribution networks
through the application of smart networks and management of electric loads. In addition to the
practical side, the dissertation work also has an educational side, related to the in-depth
knowledge of the issues involved. At the preliminary discussion of the dissertation work, |
made a number of recommendations on the layout, structure, exposition, contributions, etc.,
which have been fully or partially implemented. The comments and recommendations | can
make are:

- The text contains inaccuracies of a technical nature (spelling and stylistic errors).



- | believe that it would be possible for the individual chapters of the dissertation to be
equal. The volume of the first and second chapters is very large compared to the
third and fourth chapters.

- To continue research in this area in the future, working to implement the developed
models, algorithms and programs.

- To publish independent publications in refereed and indexed editions.

11. Conclusion

In conclusion, | believe that the dissertation work has a scientific-applied value and
shows knowledge of the issues under consideration. The goal set in the dissertation work has
been achieved, the proposed material is sufficient in terms of content, volume, and level and
meets the requirements of the Law for the Development of Academic Staff in the Republic of
Bulgaria and the Regulations for its implementation in the Technical University of Sofia.

Taking into account everything said above, | give a positive assessment of the
dissertation work. This gives me grounds to propose to the respected Scientific Jury to award
the educational and scientific degree "PhD™ to M.Sc. Eng. Atanas Todorov Zahov, in the
field of higher education 5. "Technical sciences", professional field 5.2 "Electrical engineering,
electronics and automation”, scientific specialty "Electricity supply and electrical equipment of
industry".

30.09.2024 Reviewer:
Sofia (Assoc. Prof. PhD Svetlana Tzvetkova)
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