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1. AktyanHocT Ha pa3pa0oTBaHWsl B JANCEPTALIMOHHHMSA TPyAd Npo0JjieM B HAY4YHO H
HAYYHO-NIPWJIOKHO OTHOIIeHHe. CTeleH M HHBA HA aKTYaJHOCTTa HAa npodiaemMa u
KOHKPeTHHTe 3a1a4H, pa3padoTeHH B JUCEPTALUATA.

Crnopen nuHamukaTa U xapakrtepa Ha npomenute B EEC na P. Bbirapus npe3 nocinegHure
TOIUHH | cTpareruute 3amoxkenn B European SET Plan Temara Ha aucepTanmoOHHUS TPYX €
akTyanHa. BeBexaar ce B ekcluioaTauus W3TOYHUIM Ha EJIEKTPOCHEPIHs ¢ OTHOCHUTEIIHO
CIIy4acH pPEKMM Ha TeHepalus, NPUCHEAVNHEHW B DA3IMYHUTE HUBA OT MHepapxusra Ha
cucremara, 0e3 NepCHeKTUBHO IUIaHHpaHe U KOOpAUHaNusA. B rojasma cremneH mpou3BOJICTBO
UM HE € moguMHeHo Ha EnextpoeHepruiiHus Cucremen Omnepatop. OT npyra crpaHa ce
yBEJINYaBaT M3MCKBAHUATA 3a KAYECTBO Ha €JIEKTpHYECKaTa eHeprus. EnekTpoeHepruitHuTe
CHUCTEMH U €JIEMEHTUTE UM Beue paboTAT B PEKUMHU OJIM3KH /10 TPAHUYHUTE 110 OTHOIICHUE Ha
HAJEKIHOCTTAa U JUHAMUYHATA YCTOMYMBOCT. TOBa Hajara u3cieABaHus U pa3paboTBaHe Ha
HOBM TEXHUYECKM (M MKOHOMUYECKM) pEIIeHWs Ha Bb3HUKBamure npobdiemu. B
JUCEPTAllMOHHUSA TPYA OOEKT Ha u3cielBaHe e(eKTa pa3IMyHU METOAU 3a YIpaBICHHE Ha
paborara Ha BEUW BbpXy ycraHoBeHuTe u mpexoguure pexxumu Ha EEC karo 3a menta ca
Ch3a/ICHN CbOTBETHUTE MATEMaTUUYECKH MOJEIIN.

JlucepTalluOHHUAT Tpyd € B o6eMm oT 158 crpaHuiy, KaTo BKIIIOYBA YBOJI, 4 IJIaBU 3a
pemiaBaHe Ha (popMyIupaHUTE OCHOBHU 3a/1a4i, CIIMCHK Ha OCHOBHUTE NMPHHOCH, CIIUCHK Ha
nyOoJIMKaluuTe 10 JAMCepTalUsaTa M H3MOoJI3BaHa jauTeparypa. Llutupanm ca obmo 126
auTepaTypHu u3TouHMIM Kato 101 ca Ha natuHuba ¥ 23 Ha KUPWIMIA, @ OCTAHAIHWTE ca
VMHTEPHET aJPECH.

OneHkata Ha HOBOBB3HMKBALIUTE TEXHOJIOTUH, CTPATETMH 3a KOHTPOJI U ObJaeniure
TEHJICHIIMA B JELUEHTPAIU3UPAHUTE CHUCTEMHM 3a IPOU3BOACTBO HA EJIEKTPUYECKA EHEpPrus
(IEM) ca OT chIIECTBEHO 3HAYCHHE 3a ONpeAeiIsHe Ha ONTUMAaJHH CTOWHOCTH Ha
napaMeTpuTe NMpH HAMUPAHETO Ha HOBU pelIeHHs W NojaoOpeHus. Bb3 ocHoBa Ha TOBa
u3cieaBaHe ca GOpMyNIHUpaHHU IeNTa U 3aJJauuTe Ha TUCePTallMOHHUS TPY/I.

Ilenta Ha HacTOSIIMSA NUCEPTALIMOHEH TPY € Ja U3CIEABA yIPABICHUETO HA CbBPEMEHHU
EEC B KoHTEKCTa HA METOIUTE 3a peryaupaHe Ha HampexeHueto B Mpexu ¢ JJEW, ananuza
IIOCPEACTBOM TEXHMKH CBC CHJIOB XapAyep BbB BEpHraTa, KAakTO W pCEIICHUATa 3a
VHTEJIMTEHTHO yIIPaBJICHHUE HA TOBAPH.



3a mocTUraHe Ha MOCTaBEHAaTa 1€l aBTOPBT € (POopMyHpat HIKOJIKO NEPCIEKTUBHU 3a/1a41
3a u3cieABaHe, KOUTO 3acsArar IpeIu3BUKATENICTBAaTa, CBBP3aHU C YIPABICHUETO Ha
ceBpeMeHHu EEC, a nMeHHo:
— AmnHanmu3 Ha ympaBieHueTro W ycroWuunBoctta Ha EEC upe3 ekcriepuMeHTH ChC
CHJIOB XapAyep BbB BepuUrara;
— Perynupane Ha HanpeXEHUATA;
— VHTEenMreHTHO ynpasieHUE HAa TOBAPA;
— TlocrosaroTokoBu u xubpugau (AC/DC) mpexu HH;
— IloBenenue Ha MHBEPTOPHO CBBP3aHU TeHepaTropu ¢ akymynaTopu npu KC.
Bcuuko ToBa onpezens akTyallHOCTTa Ha U3CJIeIBAHUS ITPOOIIEM.
ABTOPBT Ha TUCEPTALIMOHHUA TPYJ € (HOpMyTHpai Ield U 3aJ1a9d, KOUTO ca aJeKBaTHU U
CbOTBETCTBAT HA M3UCKBAaHUATA HAa JUCEPTALMOHEH Tpyld 3a MpuaoOMBaHe Ha
oOpa3oBarenHaTa U Hay4dHa CTEIeH ,,JlokTop".

2. CTeneH Ha MO3HaBaHe ChCTOSIHMETO HA MP00JeMa H TBOPYECKAa MHTEpPNpeTanus Ha
JITepaTypHHUs MaTepHual.

JlucepTaHTHT MO3HABA B OTIMYHA CTEIIEH ChCTOSIHUETO HA MpoOieMaTHKaTa ¥ TBOPUYECKH
MHTEPIIPETHpA JUTEpaTypHUs Martepuan no Hesd. Cien aHaum3 Ha cleNHMaIM3UpaHaTa
JauTeparypa fCHO ca JeUHUpaHU LeNTa U 3aJauuTe — pa3paboTBaHE Ha MaTeMaTHYECKU
MOJEIIH, XapAyepHU U NPOrPAMHM CPEICTBA, JABAIlM IIO-IIbJIHA Bb3MOXKHOCT 3a U3CIEABaHE
BiusiHueTo Ha JIEW BbpXy ycTaHoBeHUTE U npexoanute pexxumu Ha EEC.

3HauuTeNIHa YacT OT MyOJMKalUWMWUTE OT W3MOJ3BaHaTa JHUTepaTypa B AMCEPTALlMOHHUS
TPYJ ca OT MOCJIETHUTE T'OJIMHU U Ca MPEICTAaBEHN Ha pEHOMUPAHU MEXIYHAPOIHU POPYMH.

3. CboTBeTCTBHE HA M30pPaHATA METOANKA HA U3CJe[BaHe U MOCTABEHATA 1eJl U 3a1a4H
HA JMCePTANMOHHUS TPYA C MOCTUTHATHTE NPHHOCH.

BHumarenHuAT NpoOuYMT Ha JUCEpTallMOHHMSA Tpyl yOexnaaBa, de pa3paboTkara e
[IOJTYMHEHA Ha CleJHaTa OCHOBHA JIMHUS - JOKa3BaHE Ha HEOOXOIMMOCTTa OT U3CIICABAHUATA,
aHaIM3 Ha THNUYHHUTE (TPAJWIMOHHM) CPEICTBA 3a HAMHUpPAaHE Ha perieHus (ImpexuMmcTBa U
HEJIOCTAThIM MPH KOHKPETHUTE MPOIIECH), JeUHIpaHe HAa U3UCKBAHUATA U CHHTE3 Ha HOBH,
HETPaJMLIMOHHU CPEJICTBA 3a U3CIIC/IBAHE.

OTIMYHOTO MO3HAaBaHE HAa aKTyaJHOTO CBCTOSHHME Ha HU3CIEIBAaHUTE MPOOIEMH,
3a]IbJI00YEHUTE TTO3HAHMSI, CBbP3aHU C METOJIUTE 3a MPOCKTUPAHE, aHAJIU3 U ONTUMHU3AIUS Ha
yCTpoOIiCcTBaTa, MO3BOJISABAT HA JOKTOpaHTa J1a pa3pab0oTH OPUTMHAIHU KOMIIOTHPHH MOJENIH
Ha yCTpOWCTBarTa, J1a mnoadepe W NMpUIokH e(eKTUBHH METOAM 3a M3CIE/ABaHE, KAKTO M Ja
anpoOupa NOJTy4EeHUTE Pe3yaTaTu.

I/I36paHaTa OT JOKTOPaHTa MCTOAWKA Ha U3CJICABAHE € B CbOTBCTCTBUEC C ITOCTABCHATA LECJI
" 3aJla4yd Ha JUCCPTAUMOHHUA TPyd W € MO3BOJIMIIA TC Oa 6’B)IaT IMOCTUTHATH U PCIICHH Ha
BHUCOKO HHUBO.



4. KparTka aHAJIMTHYHA XapaAKTePHCTHKA HA €CTECTBOTO M OLIEHKA HA JO0CTOBEPHOCTTA

HAa MaTepHuaJia, BbPXY KOMTO ce rpaJsT NIPUHOCHTE HA JUCEPTALMOHHUSA TPY]

W3BbpIIEHO € 3a1bJ00YEHO JHUTEPaTYypHO IPOyYBAaHE HA TEKYLIOTO CBCTOSIHME Ha
cuctemure 3a ynpasineHue Ha JIEM, KakTo M pasnMYHATE CpEICTBA 3a KOHTPONI H
ONTUMU3ALMS HA PEXKUMUTE B peaiHO BpeMme. HanpaBeH € cpaBHUTEIIEH aHalu3 Ha PEKUMUTE
IIPY Pa3JIMYHUTE CTPYKTYPH Ha Mpeskarta. M3BbpIieHnTe n3cieaBanys IOKa3BaT, Y€ OLlCHKaTa
Ha HOBOBB3HHUKBAIIUTE TEXHOJOIMH, CTPATETUH 32 KOHTPOJI U TEHAEHIMU IIpH pa3paboTka Ha
CHUCTEMH 32 YIPABIEHHUE Ca OT U3KIIOYUTEIIHA BaXXHOCT 3a OIpEAEIsIHE HA CTOMHOCTHTE Ha
napaMeTpuTe IIPU HAMUPAHETO HA HOBU PEIIEHUs U 0J00pEHus.

H3cnenBanuaTa M aHAIU3UTE Ca DPA3NPEIEICHH OCHOBHO B CICIHHUTE IIET 3aJa4H,
cBbp3aHu ¢ paborata Ha BEU B pasnpenenurennute mpexu CpH, kakTo ¥ npu MUKpoO- U
HaHO- Mpexu:. Peryinnpane Ha HanpeKEHUATA B PA3NPEICIUTEIIHM MPEXHU C Pa3IpeleseHO
IIPOU3BOJCTBO, HNHTemmrenTHO YIIPABJICHUC Ha PCKUMHUTC IapaMETpU 4YpEe3 M3MCHCHHEC Ha
I'bBKaBH TOBapH; I10CTOSHHHOTOKOBU M XMOPUAHU (IIPOMEHJIMBOTOKOBU U TOCTOSITHHOTOKOBH)
mpexxu HH; THBEpTOpHO CBBP3aHu T€HEPATOPH C aKyMyJIaTOPU- YCTOMYMUBOCT MPU MIPEXOIHU
IIpoLeCH CJel ToJieMU CMylleHus; I3cienBaHus cbC CWIOB XapAyep BBB Bepurara B
KOHTEKCTa Ha YCTOMUMBOCTTAa Ha OaBHUTE MPEXOJHU IPOLECH OOYCIOBEHU OT TOJEMH
CUCTEMHHU aBapHH.

BbB BTOpa Ii1aBa MOCPENCTBOM AHAIUTUYEH IOAXOJA C MAaTEMAaTHMYHO MOJCIUpPAHE 3a
U3CleIBaHE HAa PEryJIMpaHe Ha HANPEKEHUATA B Pa3NpeleIUTEeIHU MPEXU C pa3lpelieleHO
IIPOU3BOJICTBO € PEATM3UPAHO MOJETHO U3CNIEABAHE HA PSKUMUTE B €JIEKTPOPA3NPENESITUTEIIHUTE
mpexu ¢ JIEV, kakTo u MeTouTe, CpecTBaTa U MOXBAaTHTE 3a PETyIMpaHe Ha HAIIPEKEHUETo. 3a
BAIUAMpPAHE Ha IOJ3BAHUTE MOJCIU € HalpaBeHO CPABHUTEIHO H3CIIEIBAaHE C IIOMOINTa Ha
nporpamute STATUS, NEPLAN u DMS. [lonydeHnrte pe3ynratu ca BaIMJAUPAHU B PAMKHUTE
Ha BB3MOKHOTO TOCPEJCTBOM JAPYTHM MaTeMaTHUECKHd MOJIENN WM — OWIO IpPU aHaIW3 C
nporpamata STATUS, Owro cinex oOpaboTka Ha pe3yiaTaTUTe OT peaTHu (PU3NIECKU
IIPOLIECH, TTOTYYEHH OT CIIEHUATIN3UPAHN CTEH/IOBE.

B tpera rnaBa mpakTHuecku ce aHanu3upa edexra oT paboTaTa Ha CHJIOB XapJayep BbB

BepUrara 3a u3cie/BaHe U yrnpanieHue Ha pexxumauTte napamerpu B EEC. IIpemioxeno e u e
peanu3upaHo WHTEIUTCHTHO YIpPaBJICHWE HAa PEKUMHHTE TapaMeTpH 4pe3 M3MEHEHHE Ha
TOBapa, KOETO € W3IMTAHO, KaKTo B JabopaTopHa cpema, Taka M B OOEKT OT JKWBaTa
naboparopus Ha y1ab. YEEC na TY - Codwus. Pemiennero npemara HoB nudpoB KOHTPOJIEP
3a peryiaupaHe Ha HANPEeKEHHETO Ype3 TacHUTENeH TOBap 3a aBTOHOMEH, BOJEN[ IO
Hamnpe)XeHWe W YeCcTOoTa XHUAPOTeHepaTrop. YCTPOWCTBOTO € MpeJHa3HAYeHO Ja 3aMeHH
CBHIIECTBYBAIl[ aHAJIOTOB KOHTpOJIEP, KaTO MOJOOpPH U PA3MIUpPU HAIUYHUTE BH3MOKHOCTH.
Ananu3upal € u edekra oT YnpaBieHHE Ha MOIIHOCTUTE MOCPEICTBOM I1a3apHa cXema 3a
JUHAMUYHO 11IeH000pa3yBaHe MpHu MOCTOSHHOTOKOBU Mpexu HH.

B uerBbpTa raBa e aHanmm3upaHa paboraTa Ha pa3paboTeHHUTe (U3UYECKH MOJIENU 32
u3cie/BaHe Ha IoBeneHueTo Ha ¢oroBostandeH reneparop (PBI) B ycioBusta Ha KbCO
ChbEIMHEHNE, KaTo € 00BPHATO CIIEIHATHO BHIMAaHWE Ha MOMEHTa Ha Bb3HHKBaHE HAa KBCOTO
cberHeHne. VI3BBpIICHUTE EKCIIEPUMEHTH JaBaT BH3MOXKHOCT 3a OIIEHKAa Ha TOBEJCHUETO Ha
nHBepTOpa Npu Bh3HMKBaHe Ha KC W mo3BONIsBa M3CiIeqBaHE BIMSHUETO HA MOMEHTa Ha
Bp3HMKBaHe Ha KC Bppxy YEEC.

OrneHsiBaM ycuIusTa Ha WHXK. BUTIIOB 12 ThpcH KOMOMHAIIMK OT KPUTEPUHU M MOAEIH TPU
pemaBaHe Ha GOpMYJIHUpPaHUTE 33Ta4H.



Karo o6o0mienne Moxe /1a ce Kaxe, 4ye B AUCEPTAIMOHHUS TPYH € MOThPCEHO pEelIeHHE
WM ca popMynTupaHu U3UCKBAHMS 3a CIIEBAIIY aHAJIH3HU Ha:

a) u3cnenBaHe (M CHHTE3WpaHE) Ha MPOPWIM HA TOBapa 3a PA3NIMYHU 1O BUI U
XapaKTEePUCTHKH MPEKU Ha HACEJICHU MECTa C Pa3npeaesICHH TPOU3BOIUTEIH;

0) TEXHHMKO- HKOHOMHYECKO W3CIIEZIBAHE 3a MPHJIOKUMOCTTa Ha pEryjlIHpaHe Ha
HaIPEKEHUETO Ype3 U3MEHEHHE Ha PeaKTUBHATA MOIIHOCT;

B) TEXHMKO- HMKOHOMHYECKO U3CIe[BaHEe 3a MPWIOKHMOCTTa Ha peryjiupaHe Ha
HaIMpeKEHUETO Ype3 OrpaHUYCHHE HAa aKTUBHATA MOIIIHOCT;

I) TEXHUKO- HKOHOMHMYECKO U3CIEABaHE 3a MPWIOKHMOCTTA Ha peryjlupaHe Ha
HanpexxeHueto upe3 MTAPH;

1) peBU3HMS Ha CTpaTerusita 3a OIpeleliiHe Ha HACTPOMKUTE W peryiaupaHe Ha
HaIpe)XKEHUETO IMOCPEACTBOM CTBIIATHUTE PpEryJaTopu B MOJCTAHIUHUTE, 3axXpaHBaIld
pasnpeaeTUTETHUTE MPEXH;

€) u3Cle/IBaHe Ha XapaKTepHUTE KOCPHUIIMEHTH Ha JHOBPEMEHHOCT 3a MPOU3BOAUTEIIHUTE,
MPUCHEIUHEHHN KbM EJIEKTPUUECKUTE MPEXKU;

’K) peBHU3MS HA TEXHUYECKUTE H3UCKBAHHS KBM EJIEKTPOMEpPUTE, MOHTHUpAHH Ha
TpaHcGpopMaTOPHUTE IMOCTOBE U Ha MPOU3BOJIUTEIHTE.

Pa3zpabotenu ca gu3ndecku KOHTPOJEPU U MPOrpaMHO OCHrypsiBaHe 3a WHTETHreHTHO
yIpaBJIeHUE HA PEKUMHUTE IapaMeTpH 4Ype3 HM3MEHEHHWE Ha ToBapa, [lOCTOSTHHOTOKOBH
mpexu HH 1 nHBEpTOpHO CBBp3aHM TeHEpaTOPH ¢ akyMysiaTopu. HanpaBeHu ca u3cienBaHus
U ca GOopMyJIHpaHH CHOTBETHUTE M3BOJM. M30paHaTa MeToaMKa Ha M3CJeBaHE ChOTBETCTBA
HAITBJTHO Ha TIOCTaBeHUTE 1enu. [lomydeHnTe pe3ynTaTa ca CHCTEMaTH3UPaHU B MPHIIOKEHHE
110 HA4MH, KOWTO OCUTYypsiBa 100a 6a3a 3a CpaBHUTENIEH aHAJIM3.

OueBH/HA € Hay4YHAaTa U HAYYHO-IPUJIOKHATA CTOMHOCT Ha OYaKBAHUTE PE3YJITAaTH OT
pa3paboTKUTE B JUCEPTALMOHHUS TPY[, KAaKTO U peajHaTa Bb3MOXKHOCT 3a IPUJIaraHEeTO UM B
npakTukata. OCHOBHMTE pE3yJITaTH OT NPOBEJACHUTE W3CIEIBAHUS Ca IPOBEPEHU 4YPE3
CPaBHUTEIHHU COPTYEpHHU aHATUTUYHU U XapJyepHU €KCIIEPUMEHTAIHA MEPOTIPHUSTHS.

5. HayyHm W/WjM HAy9HO NPHUJI0KHA MPUHOCH HA AUCEPTAUOHHHSA TPYA

[IpuHocuTe OT pa3paboTkara ca 3HaAUMMH.

1. Hayuno-npunooicnu npurocu

1.1. ITpemnoxkeHo € MOIEIHO M3CIIEIBaHE Ha METOJUTE M CPEJICTBaTa 3a PEryjJupaHe Ha
HaIpeXEHUETO U PEXHUMUTE B EIEKTPOPA3INpeNeIUTEIIHUTe MpeXu ¢ Bb3oOHOBiemMu JEU,
MIOCPEJICTBOM Ha0Op OT MOKAa3aTeNt 3a OLEHKA Ha ChbCTOSTHUETO.

1.2.  Amnanusupanu ca  pa3gMYHM  BB3MOXHHM  CXE€MH 3a  Pa3BUTHE  Ha
€JIEKTPOPA3NPEACTUTEIIHY MPEKU B KOHTEKCTAa HA YBEJIMYEHHUST [ Pas3NpeiesieHo
npou3BoAcTBO 0T BEM karto ca oneHeHn npeauMcTBaTa U HeJOCTaThIHUTE MPH BCAKA OT THX.

1.3. Pa3paboTeHa e HOBa apXHUTEKTypa, copTyepHa M XapAyepHa pealn3anus Ha OMHUTHA
MIOCTAaHOBKA 3a W3MHMTBAHE M U3CJIEIBAHE HAa YCTPOMCTBA M CHCTEMH B KOHTEKCTa Ha
YCTOMYMBOCTTA U YMPABICHUETO HA €NEKTPUUYECKH MPEXKU U CUCTEMH MOCPEACTBOM TEXHUKHU
ChC CHJIOB Xaplyep BbB BEpUrara.

2. Ilpunooicnu

2.1. Pazpaborenu ca HoBH Moxynu Ha mnporpamata STATUS, kouto mno3BoisBar
OCBIICCTBSIBAHE Ha II€JITa M 33JaYUT€ HAa H3CIEABAHETO II0 OTHOIIEHUE HAa METOJUTE U



CpeAcTBaTa 3a peryjupaHe Ha HANPEKECHUETO U PEKUMUTE B €IEKTPOpasIpeAcIUTEIHUTE
MpexH ¢ Bb300HOoBsiemu J{EN.

2.2. Pa3paboTeH e HOB IM(PPOB KOHTPOJIEP 32 HHTEIUTEHTHO YIPAaBJICHHUE HA PEKUMHHUTE
napaMeTpy MOCPEACTBOM H3MEHEHUE Ha TOBapA.

2.3. Pa3paboTeHa e (u3myuecka ONMUTHA ITOCTAHOBKA 33 M3MUTBAaHE M aHAIMW3 HA MUKPO H
HaHO-MPEXU C MHBEPTOPHO cBbp3aH reHeparop cbc CCE, 3a eKCepuMEHTaIHO H3ClIeABaHE
Ha U yCTOMYMBOCTTA U IPEXOAHUTE MPOLIECH ClIe]] Bb3HUKBAHE Ha KbCO ChEIUHEHHE.

2.4. Peani3upana € onMTHA ITOCTAHOBKA 3a U3CJIEJIBAHE HA YCTOMYMBOCTTA HA CHCTEMA ChC
CHJIOB XapAyep BbB BepUrara B peajaHo BpeMe. ExciepuMeHTaIHO U3CIeIBaHU Cca IPEXOAHU
MPOIIECH ¥ YCTOHYMBOCTTA MM CJIE]] Bb3HUKBAHE Ha KbCO ChEIMHEHHE.

[Tony4yennuTe pe3ynTaTH ca OPUTHHAIHH M HAITBJIHO CHOTBETCTBAT HA M3MCKBAaHMATA 32
JMCEPTAllMOHEH TPy 3a IpujaoOuBaHe Ha oOpa3oBaTelHAaTa M HaydHa CTeneH ,,Jlokrop".
Mucnisi, 4e BHEPSBAHETO UM € aKTyaTHO H 1€ € TI0JIE3HO OLIe HA TO3H eTaIl.

6. OneHka 32 cTeNEHTa HA JIMYHOTO YYAaCTHe Ha IMCePTAHTA B IPUHOCHUTE

PabGorara Ha [OKTOpaHTa cC€ XapakTepu3upa ChC 3aIBJIOOYCHO TI03HABaHE HAa
CbBPECMCHHOTO CBHCTOAHHE Ha HpOGJIeMI/ITe MU 3HAYUTCIHH IMOCTUTHATH OT HEro pPE3yiTaTH.
Kakro ce BMKIa OT aBTOPCKUA CbCTAB B HY6HI/IK3,L[I/II/IT€, a " OT IIPUIIOKCHUATA C PEIYITATHUTEC
OT W3CIICZIBAHUATA, Pa3pabOTKa C TaKbB XapakTep M C TaKbB O0EM OIPENEeIeHO H3HCKBA
ekunHa paborta. JINYHUTE My IPUHOCHU CE MOTBHPKAABAT U OT (haKTa, Ye CAMOCTOSITEITHATA MY
nyonukarus [1], npencraBena Ha IEEE koudepenuus u pedepupana B Scopus, € BHCOKO
OlLIEHEHa OT HayyHaTa OOIIHOCT U UMa HE3aBUCHUMU ITUTHPAHUSI.

SlcHO nMYM dYe JOKTOpPaHTHT € YCBOWJI M paboTu CBOOOAHO ChC cHenu(pHYeH
MaTeMaTHYeCKd HHCTPYMEHTApHyM, Y€ CE CIpaBs ChC CIOXHH H3CIEIOBATEIICKHA 3a7aqH,
KaTo TY pelaBa CaMOCTOSTEITHO HITH B SKHII.

Bcuuko TOBa, KaKTO M JIMYHUTC MU Ha6J'IIOI[eHI/I$I 3a pa60TaTa Ha JOKTOpaHTa, MU OaBaT
OCHOBAHHUC [1a IIprUEMa, Y€ NpeACTaBCHATAa 9YacCT OT pa3pa60T1<aTa KaTO JUCCPTAIITUOHCH TPy U
IMPHUHOCUTE B HEI'O Ca JIMYHO ACJIO HA KaHAWAAaTa.

7. IlpeneHka Ha NyOJIMKANMHMTE 1O JHCEPTANMOHHHUS TPylA: Opoil, XapakTep Ha
H3aHUSITAa, B KOUTO ca ormeyarann. OTpakeHHWe B HayKaTa - H3N0JI3BaHe H
HUTHPaHE OT IPYTr'H aBTOPH, B IPYI'H JIAGOpaTOPHH, CTPAHH H TIP.

OCHOBHHUTE TOCTHKCHUS M PE3YJITATH OT JUCEPTAIIMOHHHS TPYJ ca MyOJIMKYBaHU B MET
nyOJIMKAalliK, OT KOWTO YETHPH Ca B CHAaBTOPCTBO M €JHA € CAMOCTOSTENHA. BCcHukm
NyOJIMKAlMU ca TIPEACTABEHH Ha MEXIYHapoaHW KoHdepeHnmu U ca Buaumu B IEEE u
SCOPUS.

JIOKIaax Ha MexayHapoaHata koHdepenmms 15th Electrical Engineering Faculty
Conference, BUulEF 2023, - camocrosTenHa

JIOKIaax Ha MexayHapoaHata koHdepenmms 14th Electrical Engineering Faculty
Conference, BUlEF 2022 — nBe cratuu

JOKIaa Ha MexayHapomHata koHdepenmus 2nd International, Conference on Energy
Transition in the Mediterranean Area 2022, EEE Catalog Number: CFP22T26-POD, ISBN
(Print): 978-1-6654-6108-5, ISBN (Online): 978-1-6654-6107-8,

JIOKIan Ha MexayHapoaHarta koHdepenmus 12th Electrical Engineering Faculty
Conference, BUlEF 2020



[TpunoxeHa e pexiapanus Ha JOKTOPAHTA 32 OPUTHHAIHOCT M aBTOPCTBO Ha MPUHOCHTE
B JMICEpTAIlMOHHATA MY paboTa.

He ca orbensizanu nUTUPaHUS OT IPYTH aBTOPH.

Benuky nyOnukanuy ca CBbp3aHU ¢ TEMAaTUKATa HA JUCEPTAMOHHUS TPYA M Ca BHIUMH
B SCOPUS. M300pbT OCHOBHO Ha TEXHMYECKH (OPYMH KaTO MSACTO Ha H3siBa TrapaHTHpa
JTOIBIHATENHA KOJIETHATHA OLIEHKAa OT MO-ToJsiM Opoli crieranucTi. OCHOBHUTE Pe3ylnTaTd
Ha JUCEPTAllMOHHUS TPYJ ca JOCTOSIHHAE Ha OBJIrapcKaTa U MeXXIyHapo HA HaydHa OOITHOCT.

8. H3non3Bane Ha pe3yJTarure OT [JIUCEPTAIIMOHHMA TPyAd B HaydYHaTa H
ComMajaHaTa NpakKTHKA. Hanuume HA IOCTHMIHAT NMpAK UKOHOMHYECKH e(l)eKT H 1Ip.
I[OKyMeHTI/I, Ha KOHUTO C€ OCHOBaABAa TBHPACHHUETO.

W3BbpuieHuTe M3CiieBaHus, CBbP3aHU C IMPOEKTHpaHE, KOMIIOTHPHO MOJEIHUpaHe U
ontumu3anus Ha napamerpure Ha JIEM, mmar cBosita NmpakTH4ecKa NPHIOKHMOCT IIPU
HaMHPaHETO Ha HOBU PELICHUS U MOJOOPEHUS P TSIXHATA pa3paboTKa.

Pa3paborenuTe MareMaTWdeckd MOJENW, W3MOJA3BaHE HA MPOTpaMeH MPOIYKT
»STATUS” u ch3gaBaHe Ha HOBH (DYHKIMOHAJIHM WPOrpaMHU MOAyIH. Mucs, de
BHEJPSIBAHETO MM € aKTYaJIHO U III€ € MOJIE3HO OIlle Ha TO3H eTal.

B pamxute Ha gorosop [Ne 22211J10019-01/ 24.03.2022r. U3cnenoBaTencku IpoeKkT B
MOMOII] Ha JOKTOPAHT Ha TeMa ,,JlabopaTopeH cTeH] 3a u3ciieJBaHe Ha MUKPO U HAHO MPEXHU
C MHBEPTOPHO CBBP3aHU FEHEPATOPH C aKyMyJlaTop* Ha HayuyHouM3Cie10BaTEICKH CEKTOP KbM
nabopatopuss ~ YcrtoiumBocT Ha  EnekTpoeHepruiiHUTE  CHCTEeMH KbM  KaTezapa
Enextpoenepretuka e o0opyaBaHa ¢ HEOOXoauMHUTE COPTYEpHHU M XapAyepHU CPEICTBa 3a
MIPOBEXKJIaHe Ha Hay4YHO-M3CIIEeI0BATENICKa, HAYYHO-IIPUIIO’KHA U ydyeOHa JAeHHOCT B o0iacTTa
Ha aHanu3a Ha ycroiunBoctra Ha EEC ¢ MHMKpO M HaHO-MpEXH C MHBEPTOPHO CBBpP3aH
re"epatop cbc CCE.

[TomydenuTe pesynaTtatu Ouxa OWIIM MOJNE3HH MPU pa3pabOTBaHE HA METOJU U CTPATErHH
3a perynupane Ha HanpexeHuero B mpexu ¢ JJEN. IlpencraBenure ctpareruu u ycTponucTBa
JOTIpUHACIAT KbM OOHIOTO MojaoOpsiBaHe Ha ympasieHuero Ha EEC u kayecTBOTO Ha
€JIEKTpUYECKa EHEPTUs B UHTEIUT€HTHU MPEXKHU.

9. OueHka Ha CHOTBETCTBMETO HA aBTopedepara ¢ H3MCKBAHMATA 32 U3rOTBAHETO
MY, KAKTO U Ha a/IeKBATHOCTTA Ha OTPAa3siBaHe HA OCHOBHMTE NOJIOKEHHS U IPHHOCHTE
Ha JUCEePTANUOHHMSA TPYA

ABTopedepaTsT € B 06eM OT 32 CTpaHMIU U € M3TOTBEH CHIVIACHO M3UCKBaHUATA. B
HEro ca IOKa3aHW TIJIaBHUTE JOCTH)KEHHS Ha JUCepTalMoHHUA Tpyd. CumramM, 4e ToH
OTpa3siBa MPaBUJIHO HAYYHUTE MPUHOCH Ha AUCEPTAIIHOHHUS TPYI.

10.  MHeHwus, NpenopbKH U OeJIeKKH.

[Ipenopsku:

»  @dakTHYECKO BAJIHMIUPAHE HA TNPOTPAMEH NPOAYKT CTaBa cClieJ CpaBHSIBaHE Ha
pe3yaTaTuTe C Te3W OT 3alMCH B peanHa (Gu3mdecka cucreMa (JIopu W MOJIeN Ha TakaBa
(RTS)) mpu onpesiesnien Opoii CUMYJIAIUH;

» Pesynrarure Ouxa OWIM MO-TOYHH, aKO C€ MPOMEHU CTPYKTypaTa Ha H3MOI3BaHATA
SCADA, karo ce ocurypu KOMYHUKAIIMOHHA cpefa 3a Obp3 MOCTHII OO JAaHHUTE HA
yCTpOICTBATa B PA3IMYHUTE BH3JIM HA aHATU3UPAHUTE MUKPO- H HAHO- MPEXKHU.



= J3moms3BaHeTO Ha nAUpeKTHA IMdpoBa 00paboTka 3a moiaydyaBane RMS Ha curnana 3a
HaNpe)KEHUETO O eTMMUHUPAIIO HETOYHOCTUTE, XapaKTEePHH 3a H3IOJI3BAHUS BXOJCH
npeoOpasyBaren 3a HampexeHue (OrpaHWdYeH YeCTOTEH CIEKThP, BPEMEKOHCTaHTA
okosio 10ms u ap.).

= KpuTuueH MOMEHT NpU BCSIKO MOAEIUpaHe € M300pbT Ha ,JOCTOBEPHH  HAYaIHU
ycioBus. Jluncata Ha peanHo ,edurHo épeme’ B EEC obade BHacs oie mo-rojisiMa
CTeIeH Ha HeompeaeneHocT. To3u mpobiieM He € TUCKYTHpaH B pa3paboTkaTa.

= Jluncara Ha AeUHMpPAHU MEPCIEKTUBU U CIIEBAIIM LIETH 3a pa3BUTHE Ha pa3paboTkaTa
IprueMaM KaTo 3arna3BaHe Ha KOHPUIACHITHATHA HHPOPMAIIHS.

HanpaBenute 3a0eneXKd © TPEMOPHKM HE  OMalOBa)kaBaT IOCTUTHATOTO B

JMCEePTALlMOHHUA TPYA. JJocTOMHCTBAaTa My Ca OYEBHUIHH.

11. 3akiil0oueHHe ¢ SICHA MOJIOKMTEJHA WJIM OTPHLATEJHA ONEHKa Ha
AUCEPTAUOHHHSA TPYA

JINYHOTO MM CTaHOBHWIIE €, Y€ TPEACTaBeHHUS TPYH € aKmydaieH WU CHMOUHOCHEH.
[TpurekaBa MOCTaTBYHO HAYYHH, HAYYHO-TPWIOKHH M WHXKEHEPHO-TIPUIIOKHH MPUHOCH.
Karo oGem, Opoii M CIIO)KHOCT Ha aHAIM3WPAHHUTE MPOOJIIEMH, HAMEPEHH pEIICHUS W
HalpaBeHH aBTOPCKHU pa3pabOTKH HAAXBBPIS H3UCKBAHUSATA.

Pazpabotkure B aucepranusaTa ca ONMCaHH KOMIIETEHTHO M B HEOOXOIUMATa ITBJIHOTA,
M3BOJINTE U 3aKJIIOUEHUATA Ca MHOTO JJOOpe IOCTPOEHU U apryMEeHTUpaHu. J{ucepTailnoHHUAT
TpyA oTroBaps Ha usuckBaHusaATra Ha 3PACPBD, IlpaBuiHuka 3a mpuiaraHe Ha 3aKoHa H
cboTBeTHUS [IpaBunnuk Ha TexHnuyeckus ynuBepcutet - Codus.

[Tonmyyenure B IUCEPTALMOHHUS TPy HAyYHO-TPWIOXKHM W HPUIOXKHU IPHUHOCH,
JEMOHCTPHPAHUTE BHCOKO O0pa3oBaTeTHO HWUBO M  HATPyNaH TEOPETHYECKH U
M3CJIEIOBATENICKH OMHT C TIOCTUTHATH W NPAKTUYECKH PE3YIITATH B €IHA aKTyaJlHa 00JIacT, MU
JaBaT JOCTAaThYHH OCHOBAHMS YOEIEHO Ja MpernopbhbyaM Ha YBa)KaeMOTO JKYpH Aa MPHUCHIH
Ha Mar. uHx. Kocragun borocinoBoB Burios oOpasoBarenHaTa 1 HayyHa cTeneH ,,JlokTop™ B
obiacTTa Ha BHUcIIe 00pa3oBaHuUE ,, [eXHHUECKH HayKH', MPO(EeCHOHAIHO HampaBieHue 5.2
,,EIEKTPOTEXHNUKA, EJIEKTPOHMKAa W aBTOMAaTHWKa'™, HayyHa CIHEIHaIHOCT ,,EiexTpuuecku
MPEKU U CUCTEMU .

Jara: 18.08.2024r. PemeHs3eHT: «.oveee i

/mpod. x-p urx. Arren Lomos/
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1. The scientific and applied relevance of the problem developed in the thesis.
Degree and level of topicality of the problem and specific tasks developed in
the thesis.

According to the dynamics and nature of the changes in the EU of the Republic of Bulgaria
in recent years and the strategies laid down in the European SET Plan, the topic of the
dissertation is relevant.. Electricity sources with a relatively random mode of generation,
connected at different levels of the system hierarchy, are put into operation without forward
planning and coordination. To a large extent, their generation is not subordinated to the
electricity system operator. On the other hand, power quality requirements are increasing.
Electricity systems and their components now operate in regimes close to the limits of
reliability and dynamic stability. This requires research and development of new technical
(and economic) solutions to the emerging problems. In this dissertation, the effect of different
methods of controlling the operation of RES on the steady-state and transient modes of RES is
investigated and the corresponding mathematical models are developed for this purpose.

The dissertation is 158 pages long and includes an introduction, 4 chapters dealing with the
main tasks formulated, a list of main contributions, a list of dissertation publications and
references used. A total of 126 references are cited, 101 in Latin and 23 in Cyrillic, the rest
being internet addresses.

The assessment of emerging technologies, control strategies and future trends in
decentralised power generation (DPG) systems is essential to determine optimal parameter
values when finding new solutions and improvements. Based on this research, the aim and
objectives of the thesis are formulated.

The objective of this dissertation is to study the control of modern Power System in the
context of voltage regulation methods in DER networks, analysis using power hardware
techniques in the circuit and intelligent load management solutions. In order to achieve the
stated objective, the author has formulated several prospective research tasks that address the
challenges associated with the control of modern Electrical Power System, namely:

- Control and stability analysis of Electrical Power System through in-circuit power
hardware experiments;

- Voltage regulation;

Intelligent load management;



- DC and hybrid (AC/DC) low voltage networks;
- Behaviour of inverter-coupled generators with batteries under short circuit.

All this determines the relevance of the problem under study.

The author of the thesis has formulated aims and objectives that are adequate and in
accordance with the requirements of a thesis for the acquisition of the educational and
scientific degree of "Doctor".

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

The doctoral candidate has excellent knowledge of the state of the problem and creative
interpretation of the literature on it. After analysing the literature, the aim and objectives are
clearly defined - to develop mathematical models, hardware and software tools to enable a
more complete study of the effects of DEI on the steady state and transient modes of the
Electrical Power System.

A significant part of the publications from the literature used in the thesis are from recent
years and have been presented at prestigious international forums.

3. Relevance of the chosen research methodology and the stated aim and
objectives of the dissertation to the contributions made.

A careful reading of the dissertation convinces that the development is subordinated to the
following main line - demonstration of the need for research, analysis of typical (traditional)
means of finding solutions (advantages and disadvantages of specific processes), definition of
requirements and synthesis of new, non-traditional means of research.

Excellent knowledge of the current state of the problems under study, in-depth knowledge
of the methods of designing, analysing and optimising equipment will allow the doctoral
candidate to develop original computer models of the equipment, to select and apply effective
research methods and to validate the results obtained.

The research methodology chosen by the doctoral candidate is consistent with the stated
aims and objectives of the thesis and has allowed them to be achieved and resolved at a high
level.

4. Brief analytical characterisation of the nature and assessment of the
reliability of the material on which the contributions of the thesis are based.

An in-depth literature review has been carried out on the current state of the art of DER
control systems, as well as the different means of real-time control and optimisation modes. A
comparative analysis of the modes under different network structures has been carried out.
The studies carried out show that the evaluation of emerging technologies, control strategies
and trends in control system development are of paramount importance in determining
parameter values for finding new solutions and improvements.

The research and analyses are mainly divided into the following five tasks related to the
operation of RES in CSP distribution networks and in micro- and nano-grids: Voltage
regulation in distribution networks with distributed generation; Intelligent control of mode
parameters by modifying flexible loads; DC and hybrid (AC and DC) LV networks; Inverter
coupled generators with batteries - transient stability after large disturbances; Studies with
power hardware in the circuit in the context of stability of slow transients conditioned by large
system disturbances.

In Chapter 2, through an analytical approach with mathematical modelling to study voltage
regulation in distributed generation networks, a model study of the modes in distribution



networks with DER, as well as the methods, means and techniques for voltage regulation, is
implemented. In order to validate the models used, a comparative study was carried out using
the STATUS, NEPLAN and DMS programmes. The results obtained have been validated, as
far as possible, by means of other mathematical models, either in an analysis with the
STATUS programme or after processing the results of real physical processes obtained from
specialised equipment.

In the third chapter, the practical effect of the operation of the power hardware in the
circuit for the study and control of the mode parameters in the ESS is analysed. An intelligent
control of the mode parameters by load variation is proposed and implemented, which is
tested both in a laboratory environment and in a live lab object of Lab. UEES of TU - Sofia.
The solution proposes a new digital controller for voltage regulation via a damping load for an
autonomous, voltage and frequency leading hydro generator. The device is designed to
replace an existing analogue controller, improving and extending the available capabilities.
The impact of power management using a market-based dynamic pricing scheme on DC-LV
networks is also analysed.

Chapter 4 analyses the performance of the physical models developed to study the
behaviour of a photovoltaic generator (PVG) under short-circuit conditions, with particular
attention to the time of occurrence of the short-circuit. The experiments performed make it
possible to evaluate the behaviour of the inverter during the occurrence of a short-circuit and
to study the influence of the time of occurrence of the short-circuit on the UEES.

| appreciate the efforts of Eng. Viglov's efforts to find combinations of criteria and models
for solving the formulated problems.

In summary, it can be said that the thesis has sought a solution or formulated requirements
for further analysis of:

(a) study (and synthesis) of load profiles for different types and characteristics of networks
of settlements with distributed producers;

(b) a techno-economic study on the feasibility of voltage regulation through reactive power
variation;

(c) a techno-economic study on the feasibility of voltage regulation by active power
limitation;

(d) a techno-economic study on the feasibility of voltage regulation by TAP Charger;

(e) a review of the strategy for setting and regulating voltage using step regulators in
substations feeding distribution networks;

(f) Study of the characteristic simultaneity factors for generators connected to the
electricity networks;

(g) revision of the technical requirements for meters installed at substations and generators.

Physical controllers and software have been developed for intelligent control of mode
parameters by load variation, DC-LV networks and inverter-coupled generators with batteries.
Investigations have been carried out and conclusions have been drawn. The chosen research
methodology is fully consistent with the objectives. The results obtained are systematised in
an annex in such a way as to provide an additional basis for comparative analysis.

The scientific and scientific-applied value of the expected results of the developments in
the dissertation is obvious, as well as the real possibility of their application in practice. The
main results of the conducted research are verified by comparative software analytical and
hardware experimental arrangements.



5. Scientific and/or scientifically applied contributions of the dissertation
The contributions of the development are significant.
1. Applied scientific contributions

1.1. A model study of the methods and means of voltage and mode regulation in
distribution networks with renewable DERS is proposed, using a set of condition assessment
indicators.

1.2. Different possible schemes for the development of electricity distribution networks in
the context of an increased share of distributed generation from RES are analysed by
assessing the advantages and disadvantages of each scheme.

1.3. A novel architecture, software and hardware implementation of an experimental setup
for testing and investigating devices and systems related to resilience and control of electrical
networks and systems will be developed using power hardware-in-the-loop techniques.

2. Applied contributions

2.1. New modules of the STATUS programme have been developed to enable the
realisation of the aim and objectives of the study in terms of methods and means of voltage
and mode regulation in electricity distribution networks with renewable DER.

2.2. A new digital controller has been developed for intelligent control of the mode
parameters by load variation.

2.3. A physical experimental setup has been developed for testing and analysing micro-
and nano-grids with inverter coupled generator with SCE, for experimental study and stability
and transients after short circuit occurrence.

2.4. An experimental setup is implemented to study the stability of a system with power
hardware in a real-time circuit. Transients and their stability after the occurrence of a short
circuit are experimentally investigated.

The results obtained are original and fully comply with the requirements of a dissertation
for the degree of Doctor of Education and Science. | believe that their implementation is
relevant and will be useful even at this stage.

6. Assessment of the degree of personal involvement of the doctoral candidate in
the contributions

The doctoral candidate's work is characterised by a thorough knowledge of the state of the
art and significant results. As can be seen from the authorship of the publications and the
appendices containing the research results, a work of this nature and size clearly requires
teamwork. His personal contribution is confirmed by the fact that his solo publication [1],
presented at an IEEE conference and refereed in Scopus, is highly appreciated by the
scientific community and has independent citations.

It is clear that the PhD student has mastered specific mathematical tools and works fluently
with them, that he is able to cope with complex research tasks and solve them independently
or in a team.

All this, together with my personal observations of the doctoral candidate's work, leads me
to believe that the part of the work presented as a thesis and the contributions contained
therein are the personal work of the candidate.



7. Assessment of the publications related to the thesis: number, type of
publications in which they appear. Reflection in the scientific community - use
and citation by other authors, in other laboratories, countries, etc.

The main achievements and results of the thesis have been published in five publications,
of which four are co-authored and one is independent. All publications have been presented at
international conferences and are available in IEEE and SCOPUS.

- Paper presented at the 15th International Electrical Engineering Faculty Conference,
BulEF 2023, - Solo

- Paper presented at the 14th International Faculty Conference of Electrical Engineering,
BulEF 2022 - two papers

- Paper presented at the 2nd International Conference on Energy Transition in the
Mediterranean Area 2022, EEE Catalogue No: CFP22T26-POD, ISBN (Print): 978-1-
6654-6108-5, ISBN (online): 978-1-6654-6107-8,

- Paper presented at the 12th International Conference of the Faculty of Electrical
Engineering, BUIEF 2020

Attached is the doctoral student's declaration of originality and authorship of the
contributions to the dissertation.

There are no citations of other authors.

All publications are related to the dissertation topic and are visible in SCOPUS. The choice
of mainly technical forums as venues ensures additional peer review by a larger number of
specialists. The main results of the dissertation are available to the Bulgarian and international
scientific community.

8. Use of the dissertation results in scientific and social practice. Existence of
direct economic impact, etc. Documents on which the claim is based.

The research carried out in relation to the design, computer modelling and optimisation of
DER parameters has its practical applicability in the search for new solutions and
improvements in their development.

The mathematical models developed the use of the "STATUS" software product and the
creation of new functional programme modules. | think that their implementation is relevant
and will be useful already at this stage.

Under contract D Ne 222PD0019-01/ 24.03.2022. Research project to support a PhD
student entitled "Laboratory bench for the study of micro- and nano-grids with inverter-
coupled generators with battery” of the Research Sector of the Laboratory of Sustainability of
Electrical Power Systems of the Department of Electrical Power Engineering is equipped with
the necessary software and hardware tools for carrying out research, scientific and applied
activities in the field of analysis of the sustainability of micro- and nano-grids with inverter-
coupled generators with SCE.

The results obtained will be useful for the development of methods and strategies for
voltage regulation in DEE networks. The presented strategies and devices contribute to the
overall improvement of EPS control and power quality in smart grids.

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



The abstract consists of 32 pages and has been prepared according to the requirements. It
shows the main achievements of the thesis. In my opinion, it correctly reflects the scientific
contributions of the thesis.

10.  Opinions, recommendations and comments.
Recommendations:

- The real validation of a software product is done after comparing the results with
those of recordings in a real physical system (even a model of one (RTS)) in a
certain number of simulations;

- The results would be more accurate if the structure of the SCADA used were
modified to provide a communication environment for rapid access to device data in
the different nodes of the micro- and nano-networks analysed.

- The use of direct digital processing to obtain the RMS voltage signal would
eliminate the inaccuracies inherent in the voltage input converter used (limited
frequency spectrum, time constant around 10ms, etc.).

- A critical point in any modelling is the choice of 'credible' initial conditions.
However, the lack of real 'uniform time' in the EPS introduces an even greater
degree of uncertainty. This problem is not discussed in the development.

- | take the lack of defined perspectives and next development goals of the
development as a reservation of confidential information.

- The comments and recommendations made do not detract from the achievements of
the thesis. Its merits are obvious.

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

In my personal opinion, the work presented is relevant and valuable. It has sufficient
scientific, scholarly and engineering contributions. The scope, number and complexity of the
problems analysed, the solutions found and the author's elaborations exceed the requirements.

The developments in the dissertation are described competently and with the necessary
completeness, the conclusions and implications are very well constructed and argued. The
dissertation meets the requirements of the Law on the Application of Law and the relevant
regulations of the Technical University of Sofia.

The scientific and applied contributions obtained in the dissertation, the demonstrated high
educational level and the accumulated theoretical and research experience with achieved and
practical results in a topical field, give me sufficient grounds to confidently recommend to the
Honourable Jury to award the degree of Master of Science, Eng. Kostadin Bogoslovov Viglov
the educational and scientific degree of ‘Doctor’ in the field of higher education "Technical
Sciences”, professional field 5.2 "Electrical Engineering, Electronics and Automation”,
scientific specialisation "Electrical Networks and Systems".

Date: 18.08.2024 Reviewer:

/ Prof. PhD Eng. Angel Tsolov/
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