PEUEH3UA
BbpXy ANCEepTaLMOHEH Tpy 3a
npnaobuBaHe Ha obpasoBaTenHa 1 Hay4yHa cTeneH ,40KTop”

B NnpodecroHarnHo HanpasneHue 5.2. . EnekTpoTexHuka, enekTpoHuka n asTomaTunka“,
Hay4Ha cneumanHocT ,EnektpocHabasBaHe 1 enektpoob3aBexaaHe Ha
npomMuLLneHocTTa”

ABTOp Ha gucepTaumoHHUs Tpya: Mar. uHX. ATaHac TogopoB 3axoB
Tema Ha gucepTaumoHHUS TpyAa:
»IHTEeNIMreHTHUTEe MPEXN N CbBPEMEHHUAT rpaa”
PeueHseHT: npod. A-p nHx. Bacun Aumutpos lumntpos,
Bucwe TpaHcnopTHo yumnuwe ,Togop Kabnewkos” - Cocpus

PeueH3anaTa e m3rotBeHa Ha ocHOBaHWe 3arnoBef] 3a HasHavaBaHe Ha HayyHo
Xypu Ne OXK-5.2-65/19.07.2024 r. Ha PekTtopa Ha TexHu4ecku yHuBepcutet — Cocoums n
B CbOTBETCTBME C peLUEeHNATa Ha XXYPUTO, B3ETU HA HEFOBOTO MbPBO 3aceaHue.

Mar. nhx. AtaHac TogopoB 3axoB € 3a4yucrieH B 3a04Ha [AOKTOpaHTypa KbM
kaTegpa ,EnektpocHabasiBaHe, enekTpoob3aBexgaHe U enekTpoTpaHcnopT” cbC 3a-
noseq Ha Pektopa Ha TY — Cocma Ne 744/ 12.03.2019 r. (cumtaHo ot 01.03.2019 r.).
Hay4eH pbkoBoauTen e gou. A-p uHx. Hukonanm CrtedaHoB MaTtaHoB. 1o Bpeme Ha
00y4yeHMeTo CM AOKTOPAHTBLT € MOMOXWUN YCMEeLWHO TpU u3nuta no chneumanHocTTa,
npeaBvaeHn B MHAMBUAYaANHNA y4ebeH nnaH, KakTo 1 U3NUT NO aHrMMNCKN e3uK. Ton e
OTYMCIEH C MpaBO Ha 3awmTa cbC 3anoBeq Ha Pektopa Ha TY — Coduma Ne 3204/
12.10.2023 r. (cuntaHo ot 01.09.2023 r.).

AncepTaunmoHHNAT Tpya € pasrnefaH n obcbaeH Ha PaswnpeH kategpeH cbBeT
Ha kategpa ,EnektpocHabagsaBaHe, enekTpoob3aBexgaHe M enekTpoTpaHcrnopT’ Ha
15.07.2024 r. (Mpotokon Ne 276). HanpaBeHO e npensniokeHue 3a OTKpUBaAHE Ha
npouedypa 3a 3awmta, KoeTo € ogobpeHo oT dakynTeTHMss CbBeT Ha
EnektpotexHunyeckn dakynteT Ha 17.07.2024 r. (IMpoTtokon Ne 11).

1. AKTyanlHOCT Ha paspaboTBaHMA B AUCEpPTaLUOHHUA Tpya npobrnem B
Hay4HO W Hay4YHOMPUIIOXHO OTHoweHue. CTeneH U HMBO Ha aKTyanHoOCTTa Ha
npob6nema u KOHKpeTHUTe 3agaydun, pa3paboTeHu B aguceprauuaTa.

lMpeomeT Ha wu3cnegBaHe B AUCEPTAUMOHHUAT Tpyd Ca Bb3MOXHOCTUTE 3a
NPUNOXEHNE Ha UWHTENUreHTHUTEe Mpexu (Smart Grid) ¢ uen noBuwasaHe Ha
eHeprmmHaTa e(EeKTMBHOCT Ha XUMULWHWUTE CrpaguM B CbBPEMEHHUTE YCNOBUA Ha
MpEeXun C pasnpefeneHn M3TOYHULUM Ha eHeprusi m ocurypsisaHe Ha 3axpaHBaHe Ha
yBenuyaesawums ce 6pon enektpmyeckm asTomobunu. Mimamkm npeasug TeHaeHuusTa 3a
NMOCTOSIHHO HapacTBaHe Ha noTpebrneHneTo Ha enekTpuyecka eHeprus (ocobeHo B
cunHo ypbaHuanpaHuTe panoHun), paspaboTkaTa ce xapaktepusnpa c BUCOKa CTEMEH Ha
aKTyanHocT — 4pe3 W3NoNf3BaHe Ha CbBPEMEHHM MEeToAW 3a wuacnensaHe (BKI.
MOAeNnupaHe 1 cumynaums) ce npegnarat peleHns Ha pasrnexgaHuTte npobnemu.
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2. CteneH Ha no3HaBaHe CbLCTOAHMETO Ha npobnema M TBOpYeECKa
MHTeprnpeTauus Ha NUTepaTypHUA maTtepuman.

Bubnuorpadusta skntousa 107 nutepaTypHu M3TodHMka (10 OT TAX ca aBTOPCKM
ny6nukauuu, 12 ctaHgapt n 23 nHtepHet cantose). OT Tax 106 ca Ha aHIMUNCKN e3nK
n 1 — Ha 6bnrapckn esuk.

Bubnuorpacmsata  oTpassaBa  agekBaTHO  aKTyaniHOTO  CbCTOSIHME — Ha
pasrnexgaHuTe HayyYyHu npobrnemun — Hag 96% OT M3TOYHMUMTE ca NyOnukyBaHu npes
nocnegHute 15r.

AncepTaunmoHHNAT Tpya MokKasBa, Ye [OOKTOpaHTbT NpuTexaBa 3agbiboyeHu
3HaHUA Mo cneunanHocTTa, CnocoBHOCTM 3a MpPOBEXAaHe Ha CaMOCTOSTENHUM HaydHU
n3cnegBaHus M 3a TBOpPYECKA WHTeprnpeTauma Ha 3aBUCUMOCTUTE, W3BECTHU OT
nutepaTtypara.

3. CboTBeTCcTBME Ha M36paHaTa MeToAUKaA Ha uicrneaBaHe C NocraBeHuUTe
uen n 3agayviv Ha guceptTaumMoHHUA TpyA.

I/136paHaTa MeToaunkKa ce CbCTOM B TeopeTndeH aHalim3 Ha wun3crnenBaHuTe
r|p06neM|/|, pa3pa60TBaHe n cumynaumna Ha Mogesnim U TbpCeHe Ha OonTuMaliHu
peweHna. I'Ipe,u,nomeHa € peann3auund Ha nonyvyeHuTe pe3yntaTtn B KOHKPETHU obekTu.
KoMNnekcHOTO wu3nonsBaHe Ha aHanuTU4HM WU3cnegBaHust M Ha MeToauTe Ha
KOMMKOTBLPHO MoAesipaHe, CumynnpaHe m ontmMmn3auma Boan OO UIMBIIHEHMETO Ha
nocraBeHUTe Uen U 3agayvm n go cbopmynmpaHeTo Ha NpuHoCcuUTe Ha AncepTaunoHHUA

TPYA.

4. Kpatka aHanuTM4YHa XapaKTepucTMKa Ha €eCTeCTBOTO M OLeHKa Ha
OOCTOBEpPHOCTTa Ha MaTepuana, BbpPXy KOUTO ce rpagaT MNpPUHOCUTE Ha
AucepTaLMoOHHUA TpyA.

AuncepTtaunoHHUAT Tpya e paspaboteH B gobbp ctun B obem ot 124 c1p.,
BKIMIOYUTENHO CbAabpXaHue, dubnuorpadcdus n cnucbum Ha durypute, Tabnumumte wm
n3non3BaHuUTe cbkpaweHus. CTpykTypupaH € B KpaTbK yBOA, 4YeTupu rrasum WU
npeTeHuMn 3a npuHocu. B Tpu lNpunoxeHua ca npegcrtaBseHn KapTu Ha 3apsigHuTe
cTaHuuun B Penybnuvka bvnrapusa v ase paspaboteHu nabopaTtopHu ynpaxHeHnsa (obLo
13 cTp.).

B nbpea enasa (B obem ot 40 cTpaHuum) ca cuctemaTuaupaHu eTtanute B
eBonuuaTa Ha UWHTENUreHTHaTa Mpexa, OnucaHn ca npeguvMmcTBata n  CnpsiMo
TpaguuMoHHaTa Mpexa, KakTo U U3MNon3BaHuTe TexHosnoruu. MNpoyyvyeH e noteHumansT
Ha WH(pacTpyKTypaTa 3a BHeApsiBaHE Ha WUHTENUIEHTHO M3MepBaHe Ha en. eHeprug,
HeobxogumaTa anapaTypa W Bb3MOXHOCTMTE 3a KOMYHMKauuMda. AHanmsaupaHu ca
npobrnemuTe, CBbP3aHN C U3rPaX4aHETO U ynpaBfieHMETO Ha WMHpacTpyKkTypaTa oT
3apsiAHN CTaHUMK 3a enekTpoMobunun, NOCOYEHM ca HAaCOKKU 3a YCMELHOTO 1 pa3BuTue
N CbyeTaBaHETO C UHTENUreHTHaTa Mpexa.

B kpas e yTouHeHa uenma Ha ducepmauuoHHuUs mpyQd: nOBMLABaHE Ha
e(eKTMBHOCTTa Ha pasnpeaenuTeriHATE MpeXxu, 3axpaHBaluy CUMHO ypbaHu3npaHu
panoHu, Ype3 npunaraHe Ha UHTENUIEHTHU MPEXWU U ynpaBfieHWe Ha eneKkTpu4ecknTe
TOBapw.
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3a nocturaHeTo Ha NocTaBeHaTa Len OOKTOPaHTbT € hopMynupar noetanHoTo
pelaBaHe Ha OCHOBHMTE 3ajauM Ha AUcepTauuoHHWSA Tpya, pasrnedaHn B
crneaBawuTe rnasu.

BbB smopa enasa (B obem oT 24 cTpaHuum), ¢ uen mscnegsaHe pabotata Ha
3apsgHUTe CTaHuuK, ca pa3paboTeHn mogenu:

- Ha nNUTMeBo-MoHHa BaTepusa (KaTo HanW-MacoBO U3MOM3BaHa B enekTpomodunure),
KaKTO M npouecute Ha 3apexaaHe u paspexaaHe;

- Ha 0syrniocodyeH DC/DC npeobpasysamen - b6amepusi w 0syriocodeH AC/DC
npeobpasysamen - mpaHcgopmamop (3axpaHsawa Mpexa). peanusvpaHuM ca Ha
6asaTta Ha IGBT 1 WMPOYMHHO-MMNYNCHA MoAynauns, KOeTo ocurypsisa noaabpKaHe
Ha BMCOK (0aKTOp Ha MOLLHOCT;

- 0606LWeH Mmogern, B KOWUTO ca BKMNtOYeHM 1 BroK 3a ynpasneHne n naMmepaaTenHaTa
anapaTypa.

MpoBegeHn ca cumynaumMuM Npy pasnuyHM 3agadeHn napameTpu u B pasfvyHu
pexumn — G2V (Mpexa KbM npeBo3HO cpenctso), V2G (NpeBO3HO CpeacTBO KbM
Mpexa) W npeBknyBaHe Mexay Tax. [lpeactaBeHute Mogenu ca OCHOBa 3a
pa3paboTBaHETO Ha anropuTMM 3a ynpaBfieHMEe Ha MHOXECTBO 3apsaHu CTaHuuw,
MoraT [a ce M3rnon3eaT U 3a TECTBAHE Ha Pa3fiMYHN PeXnmMM Ha paboTa u anropuTmm
3a ynpasneHue npu narpaxgaHe Ha SCADA cuctemn.

B mpema enasa (B obem oT 14 cTpaHuuM) ca paspaboTeHu anroputmu u
nporpamn 3a ynpaerneHue paboTata Ha rpyna 3apsigHuM CTaHuuK, KaTo ce M3nonssa
cneumanHo paspaboTeH MOAen Ha enekTpocHabasBaHe Ha crpaja v 3apsgHu CTaHumm
C OrpaHMyeHa 3axpaHBalla MOLLHOCT M NPOMEHNMB TOBapoB rpaduk. Pasrnenann ca
pasnUYyHM KOHLENuUMM M ca MNOCOYEHWN pEeLUeHUS 33 WHTENIMFeHTHO W peHTabunHo
yrnpaBneHne Ha noTtpebneHneTto Ha eHepruss B crpagaTta, ONTUMU3MPAHE Ha
HaToOBapBaHETO C LN ocurypsiBaHe Ha pasnpegerieHne Ha MOLHOCTTa MeXady BCUYKM
3apexgawm ce enekTpomoobunu, wuManku nNpeaBuMa  HanuMyHWA  KanauuTeT Ha
3axpaHBaLLMA N3TOYHUK.

B_uyemenpma enasa (B obem OT 16 cTpaHuuu) ca npeacrtaBeHn MeToauka U
anropuTbM 3a ynpasfieHne Ha noTpebrneHneTo B XuNuliHa crpaga, ¢ uen npunaraHe
NPy U3rpaxkgaHeTo Ha UHTENUTEHTHU CUCTEMW 3a eHEepPrmeH MEHUIKMbHT Ha JOMOBE.
YTO4YHEHN ca HanpaBneHuaTa 3a nogobpsiBaHe Ha eHeprunHata egekTUBHOCT Ha
XUNULWHNUTE crpagyM — MUHMMKU3WPpaAHE Ha 3arybuTe Ha eHeprns B enekTpuyeckara
WMHCTanaums, u3nonsBaHe Ha €eHeprus B TOYHOTO BPEME M Ha HaW-HUCKaTa LeHa,
noaabpxaHe Ha ePeKTUBHOCTTA Ha crpagaTta BbB BpeMeTo. [peactaBeHn ca noaxoam
3a MNOCTUraHETO UM Ype3 KOHKPETHM TEXHUYECKM pelueHus. MNpegnoxeHn ca mogenu 3a
ONTUMM3MPaHEe pas3xoauTe 3a enekTpuyecka eHepruss B OUTOBM crpagu, KaTto ce
pasrnexgat [fnBa BapuaHTa (Kblla, 3axpaHBaHa caMO OT Mpexarta wnu oT
doTOoBONTaNYHA LEHTpana C Bb3MOXHOCT 3a CbXPaHEHWe Ha eHeprus U Bpb3ka C
MpexaTta), aedmHmMpanun ca uenesn oyHKumMmM (N0 KPUTEPUN MUHUMU3NPAHE Pa3xoauTe
3a KOHCYMMpaHaTa efniekTpuyecka eHeprus) n orpaHUYnTENHN YCIOBUSI.

[AucepTaunoHHUAT TpyO noKa3Ba, Y€ OOKTOPaHTbLbT MpUTEXaBa cnocobHocTn 3a
npoeexgaHe Ha Hay4YHOou3cJiegoBaTesiCKa OEVNHOCT. OEMOHCTpMpa BUCOKa CTENEH Ha
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3anosHaBaHe ¢ npobnema, ymee Aa M3non3sa npaBUIHO NUTepaTypHUS MaTtepuan npu
NpoBeXAaHe Ha Hay4YHW u3crneaBaHus, Npyu paboTa CbC cneuuanvavpaH codTyep 3a
MoZenupaHe, cMMynaums 1 oNnTMMU3aUUOHHM NpoLUeaypu, Npu aHanunsa u TbIKyBaHeTo
Ha nocTurHaTuTe pesyntaTu. Pa3spaboTeHuTe Mogenu moraT da Ce M3Mon3BaTt KaTto
Gasa 3a peanus3auus Ha OTNPaBEHUTE KOHKPETHU MPEAnoXeHUs 3a nogobpsiBaHe Ha
eHepruiHaTa edeKTUBHOCT M Oa MOoCcnyXaT 3a OCHOBa Npu TpaHcopMauuaTa KbM
WHTENUrEHTHN MPEXMN.

5. NMpuHocKu Ha gucepTaLMOHHUA TPYA.

CbrnaceH CbM MO CbLUECTBO C MNPeAsIOKEHUTEe MNPUHOCKM Ha AucepTaLUNOHHUS
TpyA, KnacuduumpaHn ot JOKTOpaHTa KaTo Hay4YHOMPUMIOXHU U MPUNOXKHMW.

Te morat pga 6baaT oTHeceHM KkbM Cb3d0asaHe Ha HoeU MoOesrniu, mMemoou,
KOHCmMpyKuuu u mexHonoauu; [JokaseaHe ¢ HO8U cpedcmea Ha CbUECMBEHU HO8U
cmpaHu Ha eedye cbuwecmeysawu Hay4YHu obnacmu u npobnemu; [lonydyasaHe Ha
rnomesbpoumesniHu ghakmu.

MpuHocuTe morat ga 6baat 0606LEeHM NO cnegHNa HaunH:

Hayy4yHonpunoxHu npuHocu

v' PaspaboTteHn ca mogenu Ha paboTa Ha 3apsigHa CTaHUMS C Bb3MOXHOCT 3a
cMMynauuMmM 1M mMscnensaHus npu NPeBKOYBaAHWA B ABa peXuMMa - Ha KOHCyMupaHe
UIM Ha N3TOYHUK Ha eneKkTpu4ecka eHeprus.

v’ PaspaboteH e Moaen Ha enekTpocHabautTenHa cuctema C MNPOMEHNUB
KOHBEHLMOHAanNeH ToBap U UHCTanuMpaHa rpyna 3apsiaHyM CTaHuuMn, KOUTO MOXe Aa ce
n3nonsea 3a u3cnenBaHe pexumuTe Ha paboTa U cucTemMuTe 3a ynpasBneHWe Ha
eneKkTpuYecKknTe ToBapu.

v' PaspaboTeH e Mmoaen 3a onTUMU3npaHe pasxoauTe 3a enekTpuyYecka eHeprusi B
ouToBM crpagn, nNpu AOBE pasnM4YHM MOCTAHOBKM Ha 3agadata M C ABe LeneBu
PYHKUMN.

[1punoXxHu rnpuHocu

v' PaspaboTeHu ca anropuTbM K MNporpama 3a ynpaBfieHWe Ha rpyna 3apsigHu
CTaHUUK, 3axpaHBaHN C orpaHn4eHa 1 NpoMeHsiLa ce BbB BPEMETO MOLLLHOCT.

v CuHTe3upaHa e npuHuMnHa OnokoBa cxema Ha WHTEeNUreHTHa cuctema 3a
eHeprmeH MeHUMKMbHT Ha AoMa 1 e pa3paboTeH anropuTbM Ha paborTa.

v’ PaspaboTteHn ca nabopaTopHM ynpaxHeHuss 3a wuscnegBaHe Ha DC/DC
KOHBEPTOPU M [OBYNOCOYHW NpeobpasyBaTenu (6asvpaHn ca Ha NpeanoXeHuTe B
ANcepTaunoHHUSA Tpya MOAeNn).

3HauMMocCTTa Ha NpUHOCUTE MoXe Aa 6bae onpeneneHa Kato BUCOKA, Thbil KaTo C
BHEOPABAHETO Ha MnpensioXeHuTe paspaboTkyn MOXe [a ce nogobpu B 3HauUTenHa
CTerneH eHepruiHata edpeKTMBHOCT Ha u3cneaBaHuTe 06eKTu.

6. OueHKa 3a cTeneHTa Ha JIMYHOTO yYacTUe Ha AUCepTaHTa B NPUHOCUTE.

MpenBua NpeacTaBeHNTe HayYHU N3creaBaHusl, CbyeTaBally TEOPETUYEH aHanu3
n pabota cbC creuunanuanpaH codTyep, cyuTam, 4Ye AOUCEPTAUMOHHMAT Tpya e
pa3paboTeH B 3HauYUTenHa CTeneH OT AOKTOpaHTa, Mof PbKOBOACTBOTO HA HayyHMS
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pbkoBoauTen. WHXEHEepHUTE U TEXHUYECKUTEe W3CneaBaHUs ca WHTerpupaHu B
copTyepHM npoaykTM 3a paspaboTBaHe W cCuMMynauus Ha MoAENW, OLEeHKa Ha
NPUMNOXMMOCTTa M ONTUMMU3ALMSA NO PasnUYHN KpuTepun. Cuntam, Ye Ton e uarpageH
NHXEHep-cneunanncT, [okasea CrnocobHOCTU 3a NpOBEXAaHe Ha CaMOCTOATENHU
Hay4YHW M3crieaBaHuUs U BHeAPsIBAHE Ha MoNyYyeHUTe pesyntaTu ¢ Len nogobpsisaHe Ha
eHepruiHaTa eeKkTUBHOCT Ha crpagu U ocurypsiBaHe Ha NPexod KbM WHTENUIEHTHU
MPEXW, BHeapsBaHe Ha CUCTEMU 3a EHEPrMEH MEHUIXKMbBHT B IOMOBETE.

7. NMpeueHKa Ha ny6nuKkauMuTe NO AUCEPTALMOHHUA TPYA.

Mo guceptaumoHHWs Tpya ca npeacTaBeHu neT nybnukaumm B CbaBTOPCTBO C
Hay4HUs pbKOBOAUTEN (AOKTOPAHTBLT € Ha BTOPO MSACTO B nybnukaummTte). N3HeceHun ca
poknagun Ha Electrical Engineering Faculty Conferences ,BulEF“ — 2019-2023,
nybnukysaHu B IEEE Xplore Digital Library n ungekcupaunH B Scopus.

CovrnacHo [lpasunHuk 3a ycrnosusma U peda 3a npudobusaHe Ha Hay4dHU
cmeneHu 8 TexHu4vyecku yHusepcumem — Cocpus, 3a npucbxgaHe Ha OHC ,goktop“ e
HeobxoauMo (OCBeH npeacTaBsHe Ha gucepTtaumoHeH Tpya — [Mokasaten A - 50 T.)
nokpmBaHe Ha wu3uckBaHus 3a [lybnukaunoHHa pAenHocT MuHumym 30 1. OT
npeacTaBeHNTe Hay4HM NyGnvkauum Moxe aa ce onpeaeny 6poaT TOYKM NO nokasaTen
7 — Hayuydu nybnukauyuu e u3daHus, pecpepupaHu U UHOeKcupaHu 8
ceemosHouseecmHu 6a3u OaHHU C Hay4yHa uHgopmauusi — 5 6p. (aBe nybnukauum c
ABa aBTopa, Tpy — € Tpy aBTopa): 80 T., KOETO 3HAYUTESNHO HAaAXBbPNS U3UCKBAHUATA.

My6bnukauunTe oTpassaBaT OCHOBHM  pe3ynTaTu OT  u3cnegBaHuaTa B
avcepTaumusaTa u MOXe fa ce cuuTa, Ye e nocturHata HeobxoammaTa nybnnyHocT npea
npodgecroHanHaTa Hay4yHa ObLLHOCT.

8. U3snon3aBaHe Ha pe3yntatute OT AMCEpPTaUUOHHUA Tpya B HayyHaTa M
couuanHarta npakTtuka.

HanpaBeHnTe aHanUTU4HW U3CneaBaHUs U NOSlyYeHUTe pesynTtaTu nokaseart, ye
npeanoXeHUTe opurMHanHu noaxoan u paspaboteHnTe moaenu u anroputMi gasat
Bb3MOXHOCT 3a pellaBaHe Ha pegvua 3ajadn, CBbp3aHM C MoBMLWABaHE Ha
eHeprurHaTa epeKkTUBHOCT B Ccrpagun 1 nNpu MHCTanupaHe Ha 3apsgHu CTaHuuu.

PaspaboteHaTta nporpama MOXe Oa ce M3Mon3Ba B peariHW KOHTporepu 3a
ynpaBneHue Ha 3apsigHaTa UHPaCTPYKTypa Ha enekTpudeckuTe aBToMmobunu.

MpennoxeHnTe mateMaTM4yeCcKkn MOAENM MoraT a ce npunaraT € uesl B3eMaHe Ha
uenecbobpasHn peweHna npu  npoektupaHeto Ha SCADA cuctemn B
pasnpegenuTesiHiTe Mpexu Ha rpagoBeTe.

Pesyntatute oT gucepTauusTa we ce u3nonssaTt U B 00y4eHMETO Ha CTYAEHTU U
AOKTOpaHTK, NpW NPOBEXOAaHETO Ha Hay4YHU u3cnenBaHus OT npenogasaTtenu n Mnaau
YYEHM.

Cnpaska, HanpaseHa 6 cg8emogHou3gsecmHama 6a3a O0aHHU C Hay4Ha
uHgopmauusi Scopus, rnokasga 3a O0okmopaHma h-index = 3 (53 _uyumupaHusi Ha
nemme Ooknada), Koemo e 8UCOKa OUEeHKa 3a rnocmuaHama u3gecmHocm 8 Hay4yHuUme
cpedu u 3a usrion3eaHe Ha pe3ynmamume om ducepmauyuoHHUSI mpyd 8 rpakmukama.
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9. OueHKa Ha CBLOTBETCTBMETO Ha aBTopecdhepaTa C MU3UCKBaHMATaA 3a
M3roTBAAHETO MY, KakToO M Ha afAeKBaTHOCTTa Ha oOTpa3siBaHe Ha OCHOBHUTE
NOJIOXXEeHUA U NPUHOCUTE Ha AUCEPTaLMOHHUA TPyA.

ABTopedhepaTbT € cTpyktypupaH B obem ot 30 ctp., cbopmat A4 n e B
CbOTBETCTBME CbC CbAbPXAHMETO Ha AucepTtauuaTa. TOM NBbAHO U SACHO OTpassiBa
OCHOBHUTE MOSIOXEHNS OT OMCEepTauMOHHUA Tpyh, KOeTO NMo3BonsBa fa ce NpeueHNaT
aKTyarnHoCTTa Ha pasrnexgaHute npobnemu, HayMHUTEe 3a TAXHOTO pellaBaHe W
nonyyeHute pesyntatn. Kbm Bcsika rnaBa ca o6o6uieHn M3BOOW, BKOYEHM Ca
npuHOCUTE N aBTOopcKUTEe nybrnvkauuun. MNpeacraBeHa € aHOTauUMs Ha aHIMUACKN e3UK,
KaKTo e cropep U3NCKBaHNATA.

10. MHeHuMA, NpenopbLKK U benexku.

MpeaBuMa akTyanHocTTa Ha TemaTtukaTa, NpeacTaBeHuTe aHanusn, Moaenwu,
cMMynauum u npensiokeHuTe peleHna Ha nocTaBeHuTe npobrnemu cuyutam, Ye
ANCEPTAUNOHHUAT TPy € 3aBbpLUeHa Hay4yHONpPUnoXHa paspaboTka.

Mmam HAKon npenopbku u 3abenexku om mexHUYECKU Xapakmep:

v' Mo oTHoweHMe Ha BubnuorpadumaTa — XenaTenHo e Aa e nogpeaeHa no asdyyeH
peq (kato cTaHOapTMTe W MHTEpPHET caWToBeTe da ca B Kpasd) W aBTOPCKUTE
nyénukauun ga He G6bAaT BKAOYEHM B CMCbka. He ca mocoveHuM aBTOpU Ha HSAKOM
nUTEpaTypHN N3TOYHULIN.

v’ XKenaTtenHo e ga ce aob6aBu 3akniyeHue — pe3tomMe Ha nonyyvyeHute pesyntaTtu
npegn npuHocuTe (KaKTO e cnopen I/13I/ICKBaHI/1$ITa).

v 3abenssBa ce HenpaBWUMHO YrieHyBaHe, KaKTO M MYHKTYaUWMOHHU U TEXHUYECKU
FPEeLLKW.

OTtnpaBeHnTe Benexkn He omanoBa)xaBaTt pa3paboTkaTa u necHo morat ga 6baaTt
OTCTPaHEHU MNOHE B ENEKTPOHHUS BapuaHT Ha auceprtaumara, genosmpana 8 HAUWL.
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11. 3aknwyeHMe C sACHa MNONMOXUTENHa WU oTpuuaTenHa OLueHKa Ha
AucepTauMoOHHUA TpyA.

Cuntam, Yye npeacTaBeHUAT OUcepTaLMOHEH Tpyd OTroBapsd Ha U3UCKBaHUSATa Ha
3PACPE n lMpaBunHuka 3a ycrnosusaTa n peda 3a npuaobvBaHe Ha HayyYHW CTeneHu B
TexHnyeckn YHuepcuteT — Codus. lNMonyyeHn ca JOCTaTbYyHO HAYYHOMPUIIOXKHU U
NPUIOXHN NpUHOCK. [locTUrHaTa e U3BECTHOCT B Hay4YyHUTe cpeau n npodecnoHanHarta
NHXXeHepHa 0BLLHOCT.

MpenopbyBaM Ha Hay4YHOTO Xypu Aa Npucbau obpasoBaTenHata M Hay4Ha
cteneH ,JJOKTOP” Ha wmar. uHx. AtaHac TogopoB 3axoB B npodecnoHanHo
HanpasneHve 5.2. ,EnekTpoTexHuka, enekTpoHuMKka W aBToOMaTuKa“, HaydHa
crneumanHocT ,EnekTpocHabasBaHe u enekTpoob3aBexgaHe Ha NpoMULLIIEHOCTTa".

Hata: 11.10.2024 PELEH3EHT:

/ npocp. a-p nux. Bacun dumutpos/
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REVIEW
on a dissertation for
the acquisition of an educational and scientific degree "doctor"
in 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"
Author of the dissertation: Eng. Atanas Todorov Zahov, MSc
Dissertation topic:
"Smart grids and the modern city"

Reviewer: Prof. Dr. Eng. Vasil Dimitrov Dimitrov,
"Todor Kableshkov" Higher School of Transport - Sofia

The review was prepared on the basis of the Order for the appointment of a
Scientific Jury No. 0J-5.2-65/19.07.2024 of the Rector of the Technical University —
Sofia and in accordance with the decisions of the jury taken at its first meeting.

Eng. Atanas Todorov Zahov, MSc has been enrolled in part-time PhD studies at
the Department of "Electrical Power Supply, Electrical Equipment and Electric
Transport" by order of the Rector of TU - Sofia No. 744/ 12.03.2019 (considered from
01.03.2019). Academic supervisor is Assoc. Prof. Dr. Eng. Nikolay Stefanov Matanov.
During his studies, the PhD student has successfully passed three exams in the
specialty provided for in the individual study plan, as well as an exam in English. He
was dismissed with the right of defense by order of the Rector of TU - Sofia No.
3204/12.10.2023 (considered from 01.09.2023).

The dissertation work was reviewed and discussed at the Extended
Departmental Council of the Department of "Electrical Power Supply, Electrical
Equipment and Electric Transport” on 15.07.2024 (Protocol No. 276). A proposal was
made to open a defense procedure, which was approved by the Faculty Council of the
Faculty of Electrical Engineering on 17.07.2024 (Protocol No. 11).

1. Actuality of the problem developed in the dissertation work in scientific
and applied scientific terms. Degree and level of relevance of the problem and
specific tasks developed in the dissertation.

The subject of research in the dissertation work are the possibilities for the
application of Smart Grids with the aim of increasing the energy efficiency of
residential buildings in the contemporary conditions of networks with distributed
energy sources and providing power to the increasing number of electric cars. Taking
into account the tendency for a constant increase in the consumption of electrical
energy (especially in highly urbanized areas), the development is characterized by a
high degree of relevance — by using contemporary research methods (including
modeling and simulation), solutions to the problems under consideration are
proposed.
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2. Degree of knowledge of the state of the problem and creative
interpretation of the literary material.

The bibliography includes 107 literary sources (10 of them are author's
publications, 12 standards and 23 internet sites). Of these, 106 are in English and 1 in
Bulgarian.

The bibliography adequately reflects the current state of the scientific problems
under consideration - over 96% of the sources were published in the last 15 years.

The dissertation work shows that the PhD student has in-depth knowledge of the
specialty, abilities to conduct independent scientific research and to creatively interpret
the addictions known from the literature.

3. Correspondence of the chosen research methodology with the set goals
and objectives of the dissertation work.

The chosen methodology consists in theoretical analysis of the studied
problems, development and simulation of models and search for optimal solutions.
Implementation of the obtained results in specific objects is proposed. The complex
use of analytical research and the methods of computer modeling, simulation and
optimization leads to the fulfillment of the set goals and tasks and to the formulation of
the contributions of the dissertation work.

4. Brief analytical description of the nature and assessment of the
credibility of the material on which the contributions of the dissertation are
based.

The dissertation work is well-styled in a volume of 124 pages, including table of
contents, bibliography and lists of figures, tables and abbreviations used. It is
structured in a short introduction, four chapters and claims for contributions. Maps of
the charging stations in the Republic of Bulgaria and two developed laboratory
exercises are presented in three Appendices (13 pages in total).

In the first chapter (in a volume of 40 pages), the stages in the evolution of the
Smart Grid are systematized, its advantages over the traditional network are
described, as well as the technologies used. The potential of the infrastructure for the
implementation of intelligent energy metering, the necessary equipment and the
possibilities of communication have been studied. The problems related to the
construction and management of the infrastructure of charging stations for electric
cars are analyzed, guidelines are indicated for its successful development and the
combination with the smart grid.

In the end of the chapter, the aim of the dissertation work is specified: increasing
the efficiency of the distribution networks supplying highly urbanized areas, through
the application of smart grids and management of electric loads.

To achieve the set goal, the PhD student has formulated the step-by-step
solution of the main tasks of the dissertation work, discussed in the following chapters.

In the second chapter (in a volume of 24 pages), in order to study the operation
of the charging stations, models have been developed:
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- of a lithium-ion battery (as the most widely used in electric cars), as well as the
charging and discharging processes;

- of a two-way DC/DC converter - battery and two-way AC/DC converter -
transformer (power supply network): they are developed on the basis of IGBT and
pulse width modulation, which ensures maintenance of a high power factor;

- a generalized model, which also includes a control unit and measuring
equipment.

Simulations were carried out at different set parameters and in different modes —
G2V (Network to Vehicle), V2G (Vehicle to Network) and switching between them.
The presented models are the basis for the development of control algorithms for
multiple charging stations. They can also be used to test different operating modes
and control algorithms when building SCADA systems.

In the third chapter (in a volume of 14 pages), algorithms and programs are
developed for managing the operation of a group of charging stations, using a
specially developed model of power supply of a building and charging stations with
limited power supply and a variable load schedule. Different concepts are considered
and solutions are indicated for intelligent and cost-effective management of energy
consumption in the building, optimizing the load in order to ensure the distribution of
power between all charging EVs, taking into account the available capacity of the
power source.

In the fourth chapter (in a volume of 16 pages), a methodology and algorithm for
managing consumption in a residential building are presented, with the aim of applying
it to the construction of intelligent systems for energy management of homes. The
directions for improving the energy efficiency of residential buildings are specified -
minimizing energy losses in the electrical installation, using energy at the right time
and at the lowest price, maintaining the efficiency of the building over time.
Approaches to achieve them through specific technical solutions are presented.
Models are proposed to optimize the costs of electrical energy in domestic buildings,
considering two variants (a house powered only by the grid or by a photovoltaic plant
with the possibility of energy storage and connection to the grid), objective functions
are defined (according to the criteria of minimization of the costs of the consumed
electrical energy), as well as limiting conditions.

The dissertation shows that the PhD student has the ability to conduct scientific
research: demonstrates a high degree of familiarity with the problem, knows how to
correctly use literary material when conducting scientific research, when working with
specialized software for modeling, simulation and optimization procedures, when
analyzing and the interpretation of the results achieved. The developed models can be
used as a basis for the implementation of the specific proposals made to improve
energy efficiency and serve as a basis for the transformation to smart grids.

5. Contributions of the dissertation work.
| agree in substance with the proposed contributions of the dissertation,
classified by the PhD student as scientific - applied and applied.
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They can be referred to Creation of new models, methods, constructions and
technologies; Demonstrating by new means substantial new aspects of already
existing scientific fields and problems; Obtaining corroborating facts.

The contributions can be summarized as follows:

Scientific - applied contributions

v" Models of the operation of a charging station have been developed with the
possibility of simulations and research when switching in two modes - of
consumption or of a source of electrical energy.

v" A model of a power supply system with a variable conventional load and an
installed group of charging stations has been developed, which can be used to study
operating modes and systems of control on electric loads.

v A model has been developed for optimizing the costs of electrical energy in
domestic buildings, in two different settings of the task and with two objective
functions.

Applied Contributions

v" An algorithm and program for managing a group of charging stations supplied
with limited and time-varying power have been developed.

v" A basic block diagram of an intelligent home energy management system has
been synthesized and an operating algorithm has been developed.

v Laboratory exercises have been developed for the study of DC/DC converters
and two-way converters (they are based on the models proposed in the dissertation).

The significance of the contributions can be defined as high, since with the
implementation of the proposed developments, the energy efficiency of the studied
objects can be significantly improved.

6. Evaluation of the degree of personal participation of the PhD student in
the contributions.

Given the presented scientific research, combining theoretical analysis and work
with specialized software, | consider that the dissertation work was developed to a
significant extent by the PhD student, under the guidance of the research supervisor.
Engineering and technical research is integrated into software products for model
development and simulation, applicability assessment and optimization according to
various criteria. | believe that he is built as a specialist engineer, demonstrates the
ability to conduct scientific research and implement the results obtained in order to
improve the energy efficiency of buildings and ensure the transition to smart grids, the
implementation of energy management systems in homes.

7. Evaluation of publications on the dissertation work.

Five publications co-authored with the supervisor are presented on the
dissertation work (the PhD student is in second place in the publications). Papers of
the Electrical Engineering Faculty Conferences "BUIEF" - 2019-2023 are presented,
published in the IEEE Xplore Digital Library and indexed in Scopus.
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According to the Regulations for the terms and conditions for the acquisition of
scientific degrees at the Technical University - Sofia, in order to be awarded an ESD
“Doctor”, it is necessary (apart from the presentation of a dissertation - Indicator A - 50
points) to meet the requirements for publication activity of at least 30 points. From the
presented scientific publications, it is possible to determine the number of points
according to indicator G7 - Scientific publications in editions, referenced and indexed
in world-renowned databases with scientific information - 5 publications (two of them
with two authors, three - with three authors): 80 points, which significantly exceeds
the requirements.

The publications reflect the main results of the research in the dissertation and
can be considered to have achieved the necessary publicity in the professional
scientific community.

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

The analytical studies and the results obtained show that the proposed original
approaches and the developed models and algorithms enable solving a number of
tasks related to increasing energy efficiency in buildings and installing charging
stations.

The developed program can be used in real controllers to manage the charging
infrastructure of electric cars.

The proposed mathematical models can be applied in order to make appropriate
decisions in the design of SCADA systems in the distribution networks of cities.

The results of the dissertation will also be used in the training of students and
PhD students, in the conduct of scientific research by teachers and young scientists.

A reference made in the world-renowned database of scientific information
Scopus shows for the PhD student h-index = 3 (53 citations of the five reports),
which is a high score for achieved fame in scientific circles and for using the results of
the dissertation work in practice.

2019 2024
Za hOV, Atanas Analyze documents published between: to
Technical University of Sofia, Sofia, Bulgaria
Author 1D:57216150814 Update Graph
Documents Citations . Title ThiS author‘s h—i ndex 3
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Citations
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5 1 Management of Elect.
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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 is structured in a volume of 30 pages, format A4 and is in
accordance with the content of the dissertation. It fully and clearly reflects the main
points of the dissertation work, which allows to assess the relevance of the considered
problems, the ways to solve them and the obtained results. There are summarized
conclusions for each chapter, contributions and author's publications are included. An
English abstract is provided as required.

10. Opinions, recommendations and notes.

Given the actuality of the topic, the presented analyses, models, simulations and
the proposed solutions to the problems, | consider that the dissertation work is a
completed scientific applied development.

| have some recommendations and remarks of a technical nature:

v Regarding the bibliography - it is desirable that it is arranged in alphabetical
order (with the standards and websites at the end) and that the author's publications
are not included in the list. Authors of some literary sources are not indicated.

v It is desirable to add a conclusion - a summary of the results obtained before the
contributions (as required).

v" Punctuation and technical errors are noted.

The comments made do not detract from the development and can easily be
removed, at least in the electronic version of the dissertation deposited in NACID.

11. Conclusion with a clear positive or negative evaluation of the
dissertation work.

| believe that the presented dissertation meets the requirements of the LDASRB
and the Regulations for the conditions and procedures for acquiring scientific degrees
at the Technical University - Sofia. Sufficient scientific-applied and applied
contributions have been received. Prominence has been achieved in academia and
the professional engineering community.

I recommend the scientific jury to award the educational and scientific
degree "DOCTOR" to Eng. Atanas Todorov Zahov, MSc. in professional field 5.2.
"Electrical engineering, electronics and automation”, scientific specialty "Power supply
and electrical equipment of industry".

Date: 11/10/2024 REVIEWER:

/ Prof. Dr. Eng. Vasil Dimitrov/
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