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1. AktyasnHocT Ha pa3pa0OoTBaHMsl B AHCEPTALMOHHUS TPYyA NpolJjieM B HAYYHO H
HAYYHO-TIPWJIOKHO OTHOlIeHHe. CTeneH M HMBAa HAa AKTYaJHOCTTa Ha mpodjeMa u
KOHKPETHHTE 3a/1a4M, pa3padoTeHN B AUCEPTALMATA.

Karo nma npen Bua auHamukata u xapakrepa Ha npomenute B EEC Ha P. bwirapus npes
MOCTIeTHUTE TOAWHU U cTpareruute 3anokeHn B European SET Plan temata Ha
JTUCEpTAallMOHHUSA TPyl € akTyaJHa. BbBexxgaT ce B eKkcIuloaraluuss M3TOYHMIM Ha
€JIEKTPOCHEPI sl C OTHOCUTEIIHO CIIy4aeH PEXUM Ha FeHepalus, IPUChEAUHEHN B PA3IIMUHUTE
HUBA OT HiepapxusTa Ha cucTemara, 0e3 MepcrneKTUBHO MJIaHUpaHe U KoopAuHauus. B romsma
CTEITEH IPOU3BOACTBO UM HE € MOAYMHEHO Ha Enexrpoenepruiinusa Cucremen Onepatop. Ot
Ipyra CTpaHa ce€ yBEJIMYaBaT WM3UCKBAHMATA 32 KAuyeCTBO HA EJIEKTPUYECKaTa ECHEPIHsl.
EnexkTpoeHepruilHuTe CUCTEMHM U €JIIEMEHTUTE UM Bede paboTAT B PEeXKUMH ONM3KU 70
IPaHUYHUTE MO OTHOLIEHHE Ha HAJAEKIHOCTTa U JUHAMM4YHATa ycToWuyuBocT. ToBa Hamara
u3cneABaHus M pa3pabOTBaHE HAa HOBM TEXHUYECKM (M HKOHOMMYECKH) pEIIEeHHs Ha
Bb3HMKBAIIMTE Npobiremu. Bb3 ocHOBa Ha ToBa u3cienBaHe ca (OpMynHpaHU LeATa U
3a/1Ja4MTe HA IUCEPTALIMOHHUS TPY/IL.

JlucepTalluOHHUAT Tpyd € B obem oT 185 crpaHuiy, Kato BKIKOYBAa YBOJ, 6 IJIaBU 3a
pemiaBaHe Ha (pOpMyJIMpaHUTE OCHOBHU 3a/la4, CIIUCHK Ha OCHOBHUTE NMPHUHOCH, CIIMCHK Ha
nyOoJIMKaMuTe IO JUcepTauusTa W U3Moi3BaHa juteparypa. Llutupanum ca obmo 94
JUTEpAaTypHU WU3TOUYHHUIM, KaTo 87 ca Ha JaTMHMIA M 2 HAa KUPWIMIA, a OCTAaHAJIUTE ca
WHTEepHET ajapecu. Pabotara BkmtouBa o6mo 124 ¢urypm m 9 Ttabmumu. Homepata Ha
¢burypure u TabauiuTe B aBTopedepaTa ChOTBETCTBAT HA TE3U B AUCEPTALIMOHHUS TPY/I.

Ilenra Ha paboraTa € na M3clie[Ba CbBPEMEHHUTE MOAXOIM U METOJU 3a YIpaBlieHUE Ha
PEXUMHHUTE MMapaMeTpPU B CbBPEMEHHU E€JIEKTPUUYECKM MUKPO M HaHO Mpexu B EEC, karo
MIPEICTAaBU  PE3YyNTATUTE TIONYYEHH OT M3CIEABAHMATA, IPOBEACHH B pPaMKHUTE Ha
aucepTanusTa.

3a mocTuraHe Ha rocTtaBeHara Iell aBTOPbT € (POpMyIupai HAKOJIKO MEePCIIEKTUBHU 33/1a4H
3a u3cIeABaHe, KOUTO 3acsArar IpeIn3BUKATENICTBAaTa, CBBP3aHU C YIPABICHUETO Ha
ceBpemenHu EEC, kato ce TpeTupar cieqHuTe 3aa4u:

- AHanu3 Ha MUKPOMPEXH, IOCPEACTBOM MaTEMATHYECKO MOJCIINPAHE;



- YmpapieHue Ha mapaMeTpUTe Ha MHUKPO M HAaHOMPEXKH, TOCPEACTBOM (HU3UUECKO
MOJIETTUPAHE;

- AHanu3 Ha cTpaTeruu 3a yrnpaBjeHUE Ha MUKPO U HAHOMPEXKH, Upe3 U3MO03/IBAHE HA
W3CIICJIBAHUS C KOHTPOJIEP BbB BEPUTaTa;

- AHanu3 Ha MUKPO U HaHO MPEXH, MOCPEACTBOM MPUIIAraHETO METOJU 3a U3CIe/-
BaHE ChC CUJIOB Xapyep BbB BEpUrara.

- Paszpabotka, peanu3anus ¥ U3MUTBAHE HA TEXHUUYECKU CPEICTBA 32 UHTECIUTCHTHO
yIpaBlieHUE Ha PEKMMHUTE MapaMeTpu B MUKPO M HAHO MPEXHU B JlabopaTopHa
cpena, KakTo U B Jlabopartopuu ¢ Gim3Ka 10 JeHCTBUTETHOCTTA Cpela, MOYUBAIlU
Ha HOBU, UKOHOMUYECKU e(DEeKTHUBHU COPTYEpHU U XapAyepHU PELICHHs C OTBOPEH
KOJI.

Bceuuko ToBa onpezens akTyalHOCTTa Ha U3CIIeIBaHUs TPOOIIEM.

ABTOPBT Ha TUCEPTALIMOHHUA TPYJ € (HOpMyIUpai Ield U 3aa4d, KOUTO ca aJeKBaTHU U
CBbOTBCTCTBAT Ha H3UCKBAHHATA Ha JUCCPTANMOHCH TPYA 3a HpI/II[06I/IBaHe Ha
oOpa3oBarenHaTa U Hay4dHa CTEIeH ,,JlokTop".

2. CremneH Ha MO3HABaHE CHCTOSIHHUETO HA MP00JeMa U TBOPYECKA MHTEPNPeTAIUs HA
JINTepPaTypHUsl MaTepual.

JliucepTaHThT MO3HABA B OTJIMYHA CTENEH ChCTOSHUETO Ha MpoOiieMaTUKaTa U TBOPUECKU
UHTEPIIPETHpPA JUTEpaTypHUs Martepuan no Hesd. Cnex aHanu3 Ha clenualu3upaHara
outeparypa (95 3armaBus Karo JUTEpaTypHa CIpaBKa) sCHO ca JAeQUHHUpaHH LenTa U
3a/launTe — pa3paboTBaHE HAa MaTeMaTHYECKH MOJENU U MPOTrpaMHU U XapAYEpHU CPEJICTBa,
JlaBally IO-II'bJIHA BB3MOYKHOCT 3a H3cienBaHe BiIusHHETO HAa BEW BBpXy ycTaHOBEHHTE U
npexoanute pexumu Ha EEC.

3HauuTeNIHA YacT OT MYyOJMKAalMUTE OT W3MOJ3BaHaTa JMTepaTypa B JAMCEPTALlMOHHUS
TPYJ ca OT MOCJIEIHUTE TOJJUHM U Ca IPEJCTaBEHU Ha PEHOMHUPaHU MEXyHApOAHU GOpYMHU.

3. ChorBeTCcTBHE HA M30pPaHATA METOAUKA HA M3CJeIBaHe U MOCTABEHATA LeJI M 32/1a4U
HA IUCEPTAUMOHHMSA TPYA € MOCTUTHATUTE MPUHOCH.

BHumarenHuAT NpouyuT Ha JMCEpTallMOHHMSA TpyJ yOexnaaBa, 4ye pa3paboTkara e
MOJJYMHEHA Ha CJIEJIHATa OCHOBHA JIMHUSA - JI0Ka3BaHE Ha HEOOXOIMMOCTTA OT U3CIIEIBAHUATA,
aHaJIM3 Ha TUIMWYHUTE (TPaJUIMOHHHU) CPE/ICTBA 3a HaAMHpaHE Ha peueHus (MpeauMcTBa U
HEJO0CTaThIM IPU KOHKPETHUTE TpoliecH ), NeUHUpaHe Ha U3UCKBAHUITA U CHHTE3 HA HOBH,
HETPAJUIMOHHHU CPEJICTBA 3a U3CIICIBAHE.

OTIMYHOTO TMO3HAaBaHE HAa aKTyaJlHOTO CBCTOSHHME Ha WH3CIEIBAaHUTE MPOOIEMH,
3a1bJI00UYEHUTE NTO3HAHMS, CBBP3aHU C METOUTE 32 MPOSKTHPAHEe, aHAJIN3 U ONTUMU3ALMS Ha
yCTpoOICTBaTa, MO3BOJISIBAT HA JOKTOPaHTa J1a pa3paboTH OPUTMHAIHU KOMIIOTBPHH MOJIENN
Ha yCTpOHCTBarTa, Jla rnojadepe U NpUiIoku ePeKTUBHU METOJAU 3a H3CJe/lBaHe, KaKToO U Jia
anpoOupa NOoJIy4EeHUTE pe3yaTaTH.

I/I36paHaTa OT JOKTOpAaHTa MCTOAMKA Ha U3CJICABAHE € B ChbOTBCTCTBUEC C IMTOCTaABEHATA LEJI
" 3aJladyr Ha JUCCPTAUMOHHUA TPYyd U € IIO3BOJIMJIAa TC Ja 6’b,I[aT INOCTUTHATH U PCIICHU Ha
BHUCOKO HHUBO.



4. KpaTka aHAJINTHYHA XapaKTEPHCTHKA HA €CTECTBOTO M OIIEHKA HA JOCTOBEPHOCTTA
Ha MaTepuaJia, BbPXY KOWTO ce rpaasiT NPUHOCHTE HA TUCEPTANIMOHHUS TPY

W3BbpmieHO € 3aabia00YeHO JUTEpaTypHO IPOyYBaHE HA TEKYIIOTO CBHCTOSHUE Ha
cucremure 3a ymnpasineHue Ha JIEM, Kakro M pasnvyHHATE CpEeACcTBA 3a KOHTPONI H
ONTUMU3ALMS HA PEXKUMUTE B peaiHO BpeMe. HanpaBeH e cpaBHUTEIIEH aHaIu3 Ha PEKUMUTE
IIPY Pa3JIMYHUTE CTPYKTYPU Ha Mpexara. M3BbpHieHUTE U3ClIeBaHUs NI0Ka3BaT, Y€ OLCHKaTa
Ha HOBOBB3HHUKBAIIUTE TEXHOJIOIMHU, CTPATETUH 3a KOHTPOJ U TEHJICHLIUU IPU pa3paboTka Ha
CHUCTEMH 3a YIPABIEHHUE Ca OT U3KIIOYUTEIIHA BaXKHOCT 3a OIpElEesiHE Ha CTOMHOCTUTE Ha
napaMeTpuTe IPU HaMUPAHETO HAa HOBU PELICHUS U N10100pEHHUS.

W3cnenBanusaTta W aHAIUM3UTE Ca pPaslpelelicHM OCHOBHO B CIEIHHUTE IIeT 3aJayH,
cBbp3aHu ¢ paborata Ha BEU B pasnpenenurennute mpexxu CpH, KakTo ¥ mpu MUKpoO- U
HAaHO- MpEXU: AHaIW3 Ha MHKPOMPEXH, IMOCPEICTBOM MaTeMaTHYECKO MOJIEINPAHE;
VYnpaBieHne Ha mNapaMeTpuTe Ha MHKPO ¥ HAaHOMPEXKH, IOCPEACTBOM (hHU3HUECcKO
MOJEIUpaHe; AHaJM3 Ha CTPATErMM 3a YIPABICHUE Ha pas3lVICKIAHUTE MpPEKH, 4Ype3
U3MOJI3BaHE Ha MW3CIEABAaHUSA C KOHTpPOJIEp BBB BEpUraTa, AHalIM3 Ha TE3U MPEXH,
IIOCPEACTBOM IIPWJIAraHETO METOAM 3a M3CJIEIBAHE CbC CHUJIOB XapAyep BbB Bepurara, u
pa3paboTka, peanu3alMs Ha TEXHHYECKM CpEICTBAa 3a WHTEIUICHTHO YIIpaBJIeHUE Ha
PESKMMHHUTE IApaMeTpU B MHUKPO M HAaHO MpEXH, [OYMBAILM HAa HOBU, MKOHOMUYECKHU
edeKTUBHH COPTYEepHU U XapIyepHH PEIICHHsI C OTBOPEH KOJl M M3IHTBAHE B JIaOOpaTopHa
cpenaa u B JKUBU JIAOOpaTOPHH ¢ OJIM3Ka 10 IEHCTBUTEIIHOCTTA CPea.

BbB BTOpa ri1aBa mocpeACcTBOM aHAIMTHYEH MOJAXOJ ¢ MAaT€MAaTHYHO MOJEIMpAHE Ha
MUKpOMpeXaTa ca M3CJIeBaHM €(QEKTUBHOCTTa Ha MOJeNla Ha MHUKpOMpekara, KaTo ca
peanu3upaHy M M3MHUTAaHM JBa peXHMa Ha pabora: “mapanenHa paboTa cbC cuctemara’ U
,»paboTa Ha ocTpoBeH pexum™. [Ipy IbpBUS HU3CIEBAH PEXKHUM, T€HEPATOPBT Ce pa3BbpTa A0
CUHXPOHHM O00OPOTH, CJIE/l KOETO Ce Peryiupa Bb30yXK/IaHETO, A0 JOCTUTaHE Ha CUCTEMHOTO
HUBO HAa HaIpeKEHHWe, Ccliel] KOETO ce BKI4YBA NpeKbcBada - Q. Bropusar pexum e
OTIIaJJaHETO Ha Mapajie’HaTta padoTa MeXAy MUKpOMpekKaTa U CUCTeMara, upe3 M3KIIOUBaHe
Ha npekbcBaua - Q. HampaBeHo e cpaBHeHME Ha pe3ylTaTUTE OT MAaTEMaTHYECKHUs U
¢bu3nueckus MoJien ciesl pealu3upaHeTo Ha TecToBus cueHapuid. [locturHara e gocraTrbyHa
CTENEH Ha CXOJCTBO MEXKIYy pE3yJTaTUTE, IOJIYyYEHU IMOCPEACTBOM MAaTEMAaTHYECKUS H
¢usnueckus wmojen. IIpaBUIHO € 3aKIIIOYEHHETO, Y€ pazIUKUTe ce JIbJDKaT ce Ha
JIOITYCKAHETO 3a INOCTOSIHHA MEXaHWYHA MOIIHOCT MPU MaTEMATUUYECKUS MOJIEN.

B Tpera riaBa npakTUUECKU ce aHAIM3Mpa MOBEACHUETO Ha MUKpoMpekuTe. Pazpaboren
€ M e u3nuTaH ¢usndecku sabdoparopeH mojaen B nmabopatopus YEEC u IIIIEEC na TY
Coodus. ToBa e xuOpuaeH, MOOMIEH MOJIETT HA MUKPOMpEKa, MO3BOJISBAL MPech3jaBaHe U
KOH(UrypanusaTa Ha pa3dnyHU TOIMOJIOTMM HAa MHUKPO, MHHH U HAHO MpEXH, paboTemu B
rapajiesl CbC CHCTEMara WIM Ha OCTPOBEH PEXKMM. [J1aBHUTE KOMIIOHEHTH CBCTaBAILIU
¢buznueckuaT Mojen Ha MHKpoMpekarta ca: dusmuecku wMonaen Ha (HOTOBOITaUYEH
reHeparop; 3apsaeH perynartop; barepum 3a chXpaHeHue Ha eHeprus; XuOpuiaeH
npeobpasysaren; MHpopmannonna cucrema; Enexrpudecku ToBapu u JIp.

B 4derBBpTA IVIaBa € peanu3upaH U U3MNMTaH CTEHJ 3a MPOBEXKIAHETO HA M3CIIECIBAHUS
CbC CHJIOB XapJyep BbB BEpurara, AaBalll Bb3MOXXHOCT Jla CE€ OLEHU IOBEJCHHETO Ha
uscnensanus ooekt (DuT) na ce uscnenBa yCTOWYMBOCTTA Ha CHCTEMa IPU peallu3UpaHe Ha



MPEeIXO/IHU, Bb3HUKHAIM B MUHAJIOTO aBAPUNHU PEXKHUMH B €JIEKTPOCHEpruiiHaTa cucTeMa.
W3non3BaHa e KOPEeKTHA METOJIOJIOTHS 33 MMPOBEPKaA HAa TOYHOCTTA. Pe3ynraTute ca cpaBHEHH
CbC 3amUCH Ha peaHd aBapuiiHM TPOLECH OT pas3najaHeTo Ha o0eauHeHaTa
enekTpoeHepruitna cucrtema Ha 4 HoemBpu 2006 roguna. He e mocoueHa TouHOCTTa Ha
npeoOpasyBaHeTo B LUGPOB BUA Ha TrpadUyHMATE 3amucH Ha aBapusta. Karo msio,
pea3upaHusT TECTOBU CTEHJ MPECTABIIABA TOCTATHYHO KOPEKTHO CPEACTBO 3a M3CIIE/IBaHE
Ha mnpouecu 1no Meroga Ha PHIL cumynanuure. W3BBpHIEHUTE EKCIEPUMEHTH JaBaT
BB3MOXHOCT 32 KaUYeCTBEHA OI[EHKA Ha M3CJIEIBAHUTE MPOIIECH.

B nmera u mecra rjaBu € M3CIEIBAHO MOBEJACHUETO HA KOHTPOJIEP 3a YIHpaBJIEHUE HA
MOIIIHOCTHTE B MHUKPO M HAHO Mpexu. M3nurtan e HOB, pa3zpaboTeH 3a menta, mudpon
KOHTPOJIEp 32 yIpaBJICHUE HAa TOBAapUTE B MHUKPO M HAaHO MpPEXH. M3MOi3BaH € MOIXO0M ChC
CHJIOB XapJyep NpH oTBopeHa Bepura. OCHOBHHTE €TallM Ca: M3MepBaHE W KaluOpupaHe Ha
YCTPOMCTBOTO (0COOCHO MO OTHOIIEHHE HAa M3MEPBAHETO Ha YECTOTaTa Ha KOMIUICKCEH MEPHOIAMYCH
CUrHaI); OIPEACIITHE Ha CTPATEeTHs 3a M3NUTBAHE Ha KOHTPOJIEpa Ype3 MpujlaraHe Ha cxema 3a
JMHAMUYHO IIeHOoOoOpa3yBaHe. IIpenyioxeH € HOB METOJ 3a yIpaBieHue, Oa3upaH Ha
JMHAMUYHO IIEHOOOpa3yBaHe Ha eJIeKTpoeHeprusTa. KoHTpoiepbT U3MBIHIBA ATOPUTMUTE
3a ynpaBieHHe Ha MomHoctra Ha Mukpo BEILl. B pamkure Ha Ta3u KOHUEMIMA,
VIIPaBJICHUETO HA MOIIHOCTTA CE PA3TJekKAa 3a MHOTO BBH3JIOBA CHUCTEMA, C pasmpeeiieHH
toBapu. [IpaBmiiHO ca mogOpaHU CXEMHHU pellIeHUs 3a BXOJIHUS IMpeoOpaszyBaTell, HO JUIICBA
pealIHO raIBAaHUYHO pa3/eNsiHE HAa CUTHAJIHTE.

OreHsiBaM yCUIIUATa HA UHXK. ACEHOB Jla ThPCH KOMOMHAIIMU OT KPUTEPUHU U MOJIETH TIpU
pemiaBane Ha GOPMYITUPAHHUTE 3a/IaUH.

Karto 00o0menne Moxe J1a ce Kaxe, 4e B TUCEPTAIIMOHHHS TPYA € TMOTHPCEHO PElIeHHe
Wi ca popMyTupaHu H3UCKBAHMS 3a CIICBAIY aHAIH3H HAa:

a) AHaJIM3 HAa MUKPOMPEXH, IIOCPEJCTBOM MAaTEMAaTHIECKO MO/ICTHPAHE;

b) VYmpasrneHne Ha mapaMeTpuTe Ha MHUKPO M HAaHOMPEKH, MOCPEICTBOM (U3NIECKO

MOJIETIUPaHE;

c) AHanu3 Ha CTpaTeruu 3a yIpaBJieHHE Ha MUKPO M HAHOMPEXKH, Ype3 M3MOI3BaHE Ha
W3CIeIBaHMs C KOHTPOJIEp BHB BEpPUTaTa;

d) Amnanus Ha MUKpPO M HaHO MPEXH, MOCPEICTBOM MPUIATAaHETO METOAM 32 M3CIe/IBaHe
ChC CHJIOB Xapiyep BbB BepUTrara.

e) Paspabotka, peamuzaryisi HA TEXHUYECKHA CPEICTBA 32 MHTEIUTEHTHO YIpaBJICHUE Ha
PSKHUMHHTE TTApaMEeTPHU B MUKPO M HAHO MPEXKH, MOYMBAIIN HA HOBH, UKOHOMHYECKH
eeKTUBHH COPTYepHU U XapJyepHH pEIICHHS C OTBOPEH KOJI W W3IHTBAHE B
nabopaTopHa cpeaa 6Jm3Ka 10 AeWCTBUTEITHOCTTA.

Pazpabotenu ca Qu3nyecku KOHTPOJEPHU U MPOrPaMHO OCUTYpsiBaHe 3a VHTETUTeHTHO
ylpaBieHHe Ha PEKUMHUTE TMapaMeTpu upe3 H3MEHeHHe Ha ToBapa. HampaBenu ca
u3cneaBaHus U ca GopMyITUpPaHU ChOTBETHUTE M3BOIU. M30paHaTa METOUKa HA U3CTIEIBAHE
ChOTBETCTBA B JOCTaThUHA CTENEH Ha TOCTaBeHUTe Ienu. llomyueHuTe pesyaTatu ca
CHCTEMAaTH3MpaHu B MPWIOKEHUE N0 HAYMH, KOWTO OCHTYpsiBa J100pa 0a3a 3a CpaBHHTEICH
aHaJm3.

O‘-IGBI/II[Ha € HayuHaTa W HAYYHO-IIPUJIOXKHATa CTOMHOCT Ha OYaKBaHUTE pe3yiiTaTu OT
pa3pa60TI<HTe B JUCCPTALIMOHHUS TPYA, KAKTO U pCaiHaATa Bb3MOKHOCT 3a NPpUJIaraHncTo UM B



npaktukata. OCHOBHMTE pE3yJNTaTH OT IIPOBEICHUTE H3CICIBAHUSA Ca IPOBEPEHU UpPE3
CPaBHUTEITHH COPTYCPHHU AHATUTUYHU U XapyepHU €KCIIEPUMEHTAIHA MEPOTIPHSTHUSI.

5. HayyHu u/WJM HAYYHO NPHUJI0KHM MPUHOCU HA TUCEPTALUOHHUSA TPYA

[Tpunocure ot pazpaboTkara ca 3HAYHMHU.

1. Hayuno-npunooicnu npurnocu

* IlpeanokeHo € MOJEIHO HM3CJIEIBAaHE HA METOJUTE W CPEACTBAaTa 3a peryjiupaHe Ha
HAIPEXKEHUETO M YMNpaBICHUE HA PEKUMHUTE MapaMeTpH B €JIEKTPUUECKU MHUKPO U
HaHO MPEXH MpEXH ¢ Bb300HOBsiemMu JIEN.

* Ilpeanoxxken e moaxox U HAOOp OT peaju3alUU 3a HU3CIEABaHE HAa METOJIUTE 3a
yIpaBlicHUE HAa PEKUMHUTE TapaMETPH B EJICKTPHUYSCKA MHUKPO W HAHO MPEKHU
MOCPEACTBOM TEXHUKH ChC CHIIOB XapJayep BbB Bepurara.

* PazpaboreHu u J0pa3BUTH Ca TOIXOIW M Ca MPEIJIOKEHH HAOOp OT TEXHUYCCKH
CpEIICTBA 32 MHTCIUTCHTHO YIIPABIICHUE HA PSKUMHUTE B MUKPO U HAHO MPEKU.

2. Ilpunosicru

* Pa3zpaboteH e HOB IIU(PPOB KOHTPOJIEP 32 UHTEIUTCHTHO YIPABIEHUE HA PEKUM-HUTE
napaMeTpH MocpeICTBOM U3MEHEHHE Ha TOBapa.

* Peanusupana e onuTHA MOCTAaHOBKA 3a U3CJIE/IBAHE HA YCTOWYMBOCTTA HA CUCTEMA ChC
CUJIOB XapJlyep BbB Bepurara B peanno Bpeme. Cuctemara e BHenpena B 1a0. YEEC u
€ M3MHMTaHa 4Ype3 aHaju3, pemnpoaylupanl paslaJaHeTo Ha eBpoIelcKaTa
€JIEKTPOCHEPrUiiHa CUCTEMA.

* B pamkure Ha paborara € pa3paboTeH (PU3MUECKH MOJEN 3a HW3CJIEIBaHE U W3-
MUTBAHUS HA MUKPO, MHHH U HAHOMPEXKH.

» « PazpaboteHa e nabopaTopHa ycTaHOBKa 3a M3CJeqBaHus Ha ycroitunBocTTa HA EEC
MOCPEACTBOM TEXHUKH ChC CUIIOB Xap/ayep BbB BepHUrara.

[TonydyeHuTe pe3ynTaTHd ca OpPUTMHAIIHM U HAMBIHO CHOTBETCTBAT HA M3WUCKBAHMSTA 32

JUCEepTAIMOHEH TPyHd 3a IpuaoOuBaHe Ha oOpa3oBaTelHAaTa M HaydHa cTeneH ,,JlokTtop".
Mucrisi, ue BHEPSBAHETO UM € aKTyaTHO | IIe € TI0JIe3HO OIIe Ha TO3H eTaIl.

6. Onenka 3a cTeneHTa HA JJMYHOTO Y4aCTHE HA JUCEPTAHTA B IPUHOCHTE

PaGorara Ha [OKTOpaHTa ce XapakTepu3upa CbhC 3aIBJIOOYCHO TIO3HABaHE Ha
CBBPEMEHHOTO CHCTOSIHME Ha MPOOJIEMUTE W 3HAYMTEIHU TIOCTHUTHATH OT HETrO pPe3yJITaTH.
KakTo ce BUX/1a 0T aBTOPCKUS ChCTaB B MyOJIMKAIIMUTE, @ U OT IMPUIOKEHUSATA C Pe3yITaTUTe
OT M3CIIe[IBAHUATA, Pa3paboOTKa C TaKbB XapakTep M C TAaKbB 00EM OIpeNeIeHO H3UCKBa
exunHa padora. JInuHUTE My IPUHOCHU Ce MOTBBPKAABAT U OT aKTa, 4e CaMOCTOATEIHATA MY
nyonukarus [2], npencraBena Ha IEEE koudepenuus u pedepupana B Scopus, € BHCOKO
OILIEHEHA OT HayYHAaTa OOIIHOCT ¥ UMa HE3aBUCUMH IIUTUPAHUSI.

SlcHO MUKW 4Ye JOKTOPaHTBT € YCBOMJI M paboTu CBOOOJHO CbhC cCHEHU(pHYEH
MaTeMaTHYeCKH HHCTPYMEHTapUyM, Y€ C€ CIpaBsi ChC CIOKHH HM3CIIECAOBATEIICKH 3ajadH,
KaTo T'Ml pelIaBa CaMOCTOSITEITHO MITH B €KHII.

Bceunuko ToBa, KaKTO M JTMYHUTE MH HaOJIOJCHHS 3a paboTara Ha JOKTOpaHTa, MH JIaBaT
OCHOBaHHE JIa TpHeMa, ue MpeCTaBeHaTa 4yacT OT pa3padoTKaTa KaTo TUCEPTAMOHEH TPYA U
MPUHOCUTE B HETO Ca JIMYHO JIeJI0 Ha KaHIU/1aTa.



7. Ilpenenka Ha myOJUKANMUTE 0 TUCEPTAIMOHHUSA TPY/A: Opoi, XapaKkTep Ha
U3/IaHUATA, B KOUTO ca oTneyaTtanu. OTpakeHne B HAYKaTa - N3M0JI3BaHe U
HUTHPAaHE OT APYTM aBTOPH, B IPYIrd JIa0opaTOpPUuM, CTPAHU U NPp.

OCHOBHUTE TOCTIDKEHHSI M PE3YJITAaTH OT JUCEPTAIMOHHMSA TPYJ ca MyONHKYBaHH B IET
nyOJIMKaluu, OT KOWTO YETHPH Ca B CHAaBTOPCTBO M €JHA € CaMOCTOsATENHA. Bcuuku
nyOJIMKauu ca MpeACcTaBeHu Ha MexXAyHapoaHu koHdepenuuu u ca Buaumu B IEEE u
SCOPUS.

KbM aucepranusaTa € NpuiioKeH CIUCHK ¢ NeT myOnukanuu 3a nepuona 2017-2022r. Enna
OT TSX € CaMOCTOSITeNTHA, OCTAHAJIUTE Ca B ChAaBTOPCTBO C HAYYHUS PBKOBOIUTEN WJIH IO-
rossim kosiekTuB. Ilyonmukaruute ca B Electrical Engineering Faculty Conference BulEF -
ngse; enHa - B Conference on Energy Transition in the Mediterranean Area, (SyNERGY MED
2022), enna B IX National conference with international participation ELECTRONICA 2018
18 — 19 May 2018 u enna B Lighting 2017, 19 — 21 October, Varna, Bulgaria, National
Lighting Conference for Young Scientistsl. Ilpunoxena e mekimapanus Ha JOKTOpaHTa 3a
OPUTMHAIIHOCT ¥ aBTOPCTBO HAa MIPUHOCHUTE B TUCEPTAIMOHHATA MYy paboTa.

HpI/IJ'IO)I(eHa € ACKJIapanus Ha JOKTOpPAaHTa 3a OPUTIHHAJIHOCT U aBTOPCTBO HAa IIPUHOCHUTC B
AUCCPTAalOHHATA MY pa60Ta.

He ca orGensizanu mUTUPaHUS OT APYTH aBTOPH.

Benuky myOGnukanuy ca CBbp3aHd ¢ TEMaTHKAaTa Ha AUCEPTAMOHHUS TPyl U Ca BUAUMH B
SCOPUS. M360pbT OCHOBHO Ha TEXHHYECKHM (POpPYyMH KaTo MSCTO Ha H35iBa rapaHTupa
JOIBIHNATENHA KOJIETHAIHA OLIEHKa OT MO-ToJsiM Opoii crieruanucti. OCHOBHUTE Pe3yaTaTH
Ha JIMCEPTAllMOHHUS TPY/ ca JOCTOSIHHE Ha OBJIrapckara n MeXIyHapoIHa Hay4Ha OOIIHOCT.

8. M3nmoJ3BaHe Ha pe3yJITATUTE OT JUCEPTALMOHHMS TPY/A B HAYYHATA M COLMATHATA
npaktuka. Hajiu4ue Ha MOCTUrHAT NPSIK HKOHOMHMYecKH edeKT 1 np. JlokyMeHTH, Ha
KOHUTO c¢ OCHOBABAa TBbPACHUETO.

W3BbpuieHUTE W3CIIEABAHUSA, CBBP3aHU C IPOEKTHpAaHE, KOMIIOTBPHO MOJEIHMpAHE U

ONTHMHU3ALMS Ha PEeKUMHUTE Ha MHKPO M HaHO MpPEXH, UMAT CBOSATA IpPAKTUYECKa

MPUJIOKUMOCT NPU HAMHPAHETO HAa HOBU PEILIEHUs U MOJ00pEeHUs MIPU TAXHATa pa3paboTkKa.

Paspaborennre maremarnyeckn Mmozaenu B Simulink xa Matlab, pa3paboTBanero Ha HOB
KOHTpOJIEp ChC CHOTBETHUTE AJITOPUTMHU M M3IOI3BAHE Ha MporpameH npoaykr ,,STATUS”
MPaBAT Bb3MOXKHO IIPECH3/1aBAHETO HA YCIOBUS U CHOUTHS, KAKTO U U3MUTBAaHE HA PU3UUYECKU
YCTPOMCTBA U CTPATETUH 32 YIIPABIEHUE HAa TOBAPHU.

MI/ICJ'ISI, Y€ BHCAPABAHCTO UM € aKTYaJIHO U HIC € ITOJIC3HO OIC HAa TO3U CTall.

[Tonydenure pe3ynararu Ouxa OWJIM MOJIE3HU MPU Pa3pabOTBaHE HA METOMU U CTPATETHH
3a KOHTPOJ M yINpaBlieHWE Ha PEKUMUTE TP MUKPO ¥ HAHO MPEXHU ¢ Bb30oOHOBsiemu JIEU.
[IpencraBennuTe cTpaTerud W YCTPOWMCTBA JOMPUHACIAT KBbM OOIOTO MOAOOpsSIBaHE Ha
yrpasiieaneTo Ha EEC 1 kauecTBOTO Ha €JIEKTpUYecKa €HEPTHUS B HHTEIUTEHTHH MPEKH.



9.

OneHka Ha CLOTBETCTBHETO HA aBTOped)epaTa ¢ M3NCKBAHUSATA 32 U3TOTBSIHETO

MY, KaKTO U Ha aICKBATHOCTTAa HAa 0TPa3siBaAaHE HA OCHOBHUTE IT0JJO0KCHUSA U NIPHUHOCUTE
Ha TUCEPTALUOHHUA TPYA

ABtopedeparbT € B 00eM OT 32 CTpaHMIM U € M3TOTBEH CHIVIACHO M3HCKBaHMATA. B

HETrOo Ca IMOKa3aHW TJIaBHUTC AOOCTHXXCHHUA Ha JUCCPTAIMOHHUA TPYI. C‘-II/ITaM, ye ToH

OTpa3sBa NpaBUJIIHO HAYYHUTE IPUHOCH HA JUCCPTALMOHHUSA TPYI.

10.

MHeHusl, NPpenopbKH U 0eJIeKKH.

OT penakmoHeH XapakTep:

3aBHUCHMOCTTA MO HANpEeKeHHe, MmokazaHa Ha ¢wur. 85 (ctp. 150), e ¢ xunepcraruueH
XapakTep, a He CTATUYEH KAaKTO € IOCOYEHO.

Anamusupanute cxemu (¢ur. 86 crp. 151) Ha BxomgHuTe npeoOpasyBaTenu Ha
HaIpe)KEHUE U 3aXpaHBAHE Ha MUKPOKOHTpOJIEpa MPAaKTUYECKU Ca EKBUIIOTEHIMAIIHY, a
HE C FaJIBAHUYHO pa3JIeNIsIHE KaKTO € IOCOYEHO.

[Ipenopsku:

bu ce mocTurHan pasnuyeH pe3yiTaT, ako ce IPOMEHH CTPYKTypara Ha W3I0J3BaHaTa
SCADA, karo ce ocurypu KOMYHUKAallMOHHA cpeAa 3a Obp3 JOCTBII O JAHHUTE Ha
YCTpOWCTBATa B PAa3IMYHUATE BH3JIM HA aHAIN3UPAHUTE MUKPO- U HAHO- MPEXKH (TJIaBH 5
u6).

Jlobpe e nma ce nedpmHUpa TOYHOCTTa HA M3MOJI3BAaHUTE CHBPEMEHHU COPTyepH 3a
nmpeoOpa3yBaHeTo Ha 3amwcu oT rpaduueH B nudpor Bui. (Muade ce obe3cMHCTAT
M3HCKBAHUATA 32 TOYHOCT U JOCTOBEPHOCT HA CUMYJIAIIHOHHHS MOJIEIN).

N3nomsBa ce TepmuHa ,,cUJI0B Xapayep®, 0e3 Ja ce yTOYHsBa, Y€ CTaBa BBIPOC 3a
CTaTUYHHU €JeKTPOHHU IpeobOpasyBarenu (camo Ha cTp. 110 ce nepunupa xato YM).
[To npuHLHKI, BCSIKO MPOU3BOACTBO Ha €IEKTPUUECKa EHeprys U3I0I3Ba CUIIOB Xapayep
WJIN TO-TOYHO MpeodpasyBared. ..

ChbiecTBYBaT MO-IPELUU3HUM METOIM 3a H3MEpBaHE Ha YecTOTaTa Ha KOMILJIEKCEH
MEPUOINYCH CUTHAJ MPHUIIOKHMH TIPU pa3paboTKa Ha HOB KOHTpoJiep. M3MmoisBaHusT B
pa3paboTkaTa METOJ] 3aBHCH CHJIHO OT XapMOHHWYHHS CHCTaB Ha CHTHalla M OT
paspsannoctta Ha ALl u Bpemero My Ha mpeoOpasyBane. IIpumemam obaue, ue 3a
MIOCTABEHUTE TIEJT HA U3CIICBAHUATA, PE3YIATATUTE Ca C IOCTaThuHA TOYHOCT.

IIpu maremaTnueckute Mojenu B Simulink ps3bK CKOK OT €IHO YCTaHOBEHO
MOJIOKEHHE, KbM BTOpPO (IJIaBa 2) MOXKeE J1a ce MOJy4yH, ako He ca OTPa3eHU KOPEKTHO
BPEMEKOHCTAHTUTE Ha OOEKTHTE, OCOOCHO IMpM M3IOJ3BAaHE Ha ONPOCTEH MOJEN Ha
CHHXPOHHA MallliHA.

Cumynamusara B LT Spice nHa cxemHoto pemenue ot purypu 97, 99 u 101 (ctp. 168,
170, 173) ne e kopekTHa. Ako BXoJHOTO chlpotuBienue Ha S/H na ADC e 10kQ to 6u
MIPOMEHMJIO CUTHajla OT M3TOYHMKA. CTaHAApTHO, BXOJAHUTE KAaHAIW Ha BIrPaJCHUTE B
MukpokoHTposiepu ADC u npunexamure UM Mmyntumiiekcopu e >100kQ.

[Ipu mpoBepkaTa W OICHKAaTa Ha JAWHAMHKATa Ha Pa3pabOTeHUsS (PU3MUECKH CTECHI
(rmaBa 4), 9acT OT pe3yATaTUTEe MPAKTUIECKH ca ONpejessTHe Ha BPeMEKOHCTaHTaTa Ha
obexra. [IoBTOpEeHHETO HAa ONUTHTE MPOCTO TOKa3Ba, Ye € HEOOXOJMMO ChITIacyBaHE Ha
MEPUOMYHOCTTA HA YIPABISABALIUTE BB3JCHCTBUSA, C BPEMEKOHCTaHTaTa Ha OOEKTa



(HapeueHa TYK BpeMe 3a PeaKIlvsi, BEPOSITHO OT IPEBOJIa Ha ‘response time’ M3Mmoia3BaHa
B Matlab).
= Jluncara Ha AeUHUpPAHU MIEPCIICKTUBU U CJICBAIIM IIETU 32 Pa3BUTHE HA pa3paboTKaTa
IpreMaM KaTo 3ara3BaHe Ha KOHQUACHIIMATHA HH)OpMAIIHSL.
HampaBenutre 3a0eneXKd ©  TPENOPHKM HE  OMaJlOBa)kaBaT IOCTUTHATOTO B
IECcepTaluoHHuUs Tpya. JlocTOWHCTBaTa My Ca OUEBUIHH.

11. 3akiil0oueHHe ¢ SICHA TMOJIOKMTEJHA WJIM OTPHLATEJIHA OIeHKa Ha
AMCEPTAUMOHHUSA TPYI

JINYHOTO MM CTAaHOBHUILE €, Y€ MPEJICTABEHUS TPYA € aKkmyaleH W CHOUHOCHEH.
[IpurexxaBa AOCTaTHYHO HAYYHHM, HAYYHO-TIPUJIOKHU W WHKEHEPHO-NPUIIOKHU TMPUHOCH.
Kato obGem, Opoli W CIOXHOCT Ha aHaJU3HPAHUTE NPOOJIEMHU, HAMEPECHH PEIICHUS |
HaIpaBeHU aBTOPCKH Pa3padOTKH HAAXBBPJIS U3UCKBAHUATA.

PazpaboTkute B nucepranuara ca OMMCAaHW KOMIIETEHTHO M B HE0OXOaMMaTa I'bJIHOTA,
M3BOJIMTE U 3aKJIFOUCHUSATA Ca MHOTO JI0OpE MOCTPOCHU U apryMEeHTUpaHu. JlucepTaiimOHHUST
Tpya otroBapss Ha u3uckBaHusita Ha 3PACPD, IlpaBuiHuka 3a mpusiaraHe Ha 3akoHa U
crotBeTHUS [IpaBunnuk Ha TexHudeckus yauBepcuteT - Codusi.

[TonydyenuTe B HAMCEPTAMOHHUS TPYA HAYYHO-IPUJIOKHU M MPUIIOKHU TMPHHOCH,
JNEMOHCTPUPAHUTE BHUCOKO OOpa3oBaTeTHO HHBO U  HATPYyNaH TEOPETHYECKH U
M3CIIEI0BATENICKU OMUT C TOCTUTHATH U MPAKTUYECKH PE3YNITaTH B €Ha aKTyajaHa o0yacT, MU
JaBaT JOCTaThYHU OCHOBaHUS yOeIeHO Jia MpernopbuaM Ha YBa)KaeMOTO JKypH Jla MPHUCHIU
Ha mar. uiK. [[Betomup CamkoB AceHOB oOpa3zoBaTellHaTa M Hay4yHa CTereH ,,JlokTop™ B
obOnactra Ha Buclie oOpa3oBaHHe ,, TexHUYEeCKH HAyKH'‘, Mpo(ecHOHAIHO HaNpaBleHUE
5.2 ,,EnexTporexHuka, €IEeKTpOHWKA M aBTOMATHKAa', Hay4Ha CIEUUATHOCT ,,EnexTpudecku
MpPEXHU U CUCTEMU .

JHara: 28.02.2025r. PeneH3enT: .....coovvvviiiiiie

/mpo. n-p unx. Anaren Llosnos/
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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.

Considering the dynamics and the nature of the changes in the EEC of R. Bulgaria in recent
years and the strategies outlined in the European SET Plan, the topic of the dissertation is highly
relevant. Electricity generation from sources with relatively random generation modes,
connected at various levels of the system hierarchy, is being integrated without prior 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. Electric Systems and
their components are now close to their reliability and dynamic stability limits. This requires
research and development of new technical (and economic) solutions to the emerging problems.
Based on this research, the aim and objectives of the thesis are formulated.

The dissertation consists of 185 pages, including an introduction, 6 chapters to address the
main problems formulated, a summary of main contributions, a list of dissertation publications
and references used. A total of 94 references are cited, 87 are in Latin and 2 in Cyrillic, the rest
are internet addresses. The work includes a total of 124 figures and 9 tables. The figure and table
numbers in the abstract correspond to those in the thesis.

To achieve the set objective, the author has formulated several prospective research tasks that
address the challenges associated with the management of modern EES, addressing the following
tasks:

- Analysis of microgrids by means of mathematical modelling;

- Control of micro- and nano-grid parameters, through physical modelling;

- Analysis of control strategies for micro- and nano-grids, by exploiting in-circuit controller
studies;

- Analysis of micro- and nano-networks, by applying in-circuit power hardware research
methods.

- Development, implementation and testing of technical tools for intelligent control of mode
parameters in micro and nano networks in laboratory environments, as well as in near-reality
laboratories, based on new, cost-effective open source software and hardware solutions.

These tasks confirm 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 cited literature consists of recent publications 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 enable 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 enabled 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 DEI control
systems, as well as the various means of real-time control and optimization of the modes. A
comparative analysis of the modes under different network structures is performed. The studies
carried out show that the evaluation of emerging technologies, control strategies and trends in the
development of control systems is of paramount importance in determining parameter values for
finding new solutions and improvements.

The research and analyses are mainly distributed in the following five tasks related to the
operation of RES in distribution networks CSP, as well as in micro- and nano-grids: analysis of
micro-grids, through mathematical modelling; control of parameters of micro- and nano-grids,
through physical modelling; analysis of control strategies of the considered networks, through
the use of research with controller in the circuit; analysis of these networks, through the
application of research methods with power hardware in the circuit, and development,
implementation of technical.

In Chapter 2, through an analytical approach with mathematical modelling of the microgrid,
the performance of the microgrid model is investigated by implementing and testing two modes
of operation: 'parallel system operation' and 'islanded operation'. In the first mode studied, the
generator is run up to synchronous speed, then the excitation is adjusted until the system voltage
level is reached, after which the circuit breaker - Q - is switched on. The second mode is the
failure of parallel operation between the microgrid and the system, by switching off the circuit
breaker - Q. A comparison of the mathematical and physical model is made after the test
scenario has been implemented. A sufficient degree of similarity is achieved between the results
obtained using the mathematical and physical models. It is correctly concluded that the
differences are due to the assumption of constant mechanical power in the mathematical model.



In Chapter 3, the behaviour of the microgrids is analysed practically. A physical laboratory
model has been developed and tested at the PSS laboratory of TU Sofia. It is a hybrid, mobile
microgrid model, allowing the recreation and configuration of different topologies of micro, mini
and nano grids operating in parallel with the system or in island mode. The main components
constituting the physical model of the microgrid are: PV generator physical model; charge
controller; energy storage batteries; hybrid converter; information system; electrical loads, etc.

In Chapter 4, a test rig is implemented and tested to conduct studies with power hardware in
the circuit, enabling to evaluate the behaviour of the object under study (DuT) to investigate the
system stability when realizing previous, occurred in the past, emergency modes in the power
system. A correct methodology was used to verify the accuracy. The results are compared with
recordings of real emergency processes since the collapse of the unified power system on
November 4, 2006. The accuracy of the digitisation of the graphical records of the accident is not
indicated. In general, the implemented test rig represents a sufficiently correct tool for the study
of processes by the PHIL simulations method. The experiments performed allow a qualitative
evaluation of the processes studied.

In chapters five and six, the behavior of a power management controller in micro and nano
grids is investigated. A novel, purpose-designed, digital controller for load control in micro and
nano networks is tested. An open circuit power hardware approach is used. The main stages are:
measurement and calibration of the device (especially in terms of measuring the frequency of a
complex periodic signal); definition of a test strategy for the controller by applying a dynamic
pricing scheme. A new control method based on dynamic power pricing is proposed. The
controller implements the power control algorithms of micro hydropower plant. Within this
concept, power control is considered for a multi-node system, with distributed loads. Circuit
solutions for the input converter are properly selected, but real galvanic separation of signals is
missing.

I appreciate the efforts of Eng. Asenov to look for combinations of criteria and models to
solve the formulated problems.

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

a) Analysis of microgrids by means of mathematical modelling;
b) Parameter control of micro and nano networks, through physical modelling;
c) Analysis of control strategies for micro- and nano-grids, using in-circuit controller studies;

d) Analysis of micro and nano networks, by applying research methods with in-circuit
hardware.

e) Development, implementation of technical tools for intelligent control of mode parameters
in micro and nano networks, resting on new, cost-effective open source software and hardware
solutions and testing in a realistic laboratory environment.

Physical controllers and software have been developed for Intelligent Mode Parameter
Control by load modification. Investigations have been made and relevant conclusions have been
formulated. The chosen research methodology sufficiently corresponds to the set objectives. The
results obtained are systematized in an appendix in a way that provides a good basis for
comparative analysis.

The scientific and applied value of the expected results of the dissertation work 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.



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

- A model study of the methods and means of voltage regulation and control of mode
parameters in electrical micro and nano grids networks with renewable DER is proposed.

- An approach and a set of implementations are proposed to investigate the methods for
controlling the mode parameters in electric micro and nano grids by means of techniques with
power hardware in the circuit.

- Approaches and a set of technical tools for intelligent mode control in micro and nano grids
are developed and further developed.

2. Applied

- A novel digital controller for intelligent mode-parameter control by load variation is
developed.

- An experimental setup has been implemented to study the stability of a system with power
hardware in the real-time circuit. The system has been implemented in lab. UEES and has been
tested by an analysis reproducing the decay of the European

- A physical model has been developed within the work for micro, mini and nanogrids
research and testing.

- A - laboratory setup has been developed to investigate the stability of the EEC using in-
circuit power hardware techniques.

The results obtained are original and fully comply with the requirements for a PhD thesis. I
think their implementation is relevant and will be useful already at this stage.

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

The PhD student's work is characterized by a thorough knowledge of the state of the art and
significant results achieved. As can be seen from the authorship in the publications, and from the
appendices with the results of the research, a work of this nature and of this size definitely
requires teamwork. His personal contributions are confirmed by the fact that his solo publication
[2], presented at an IEEE conference and refereed in Scopus, is highly appreciated by the
scientific community and has independent citations.

It is clearly evident that the PhD student has mastered and works fluently with specific
mathematical tools, and that he handles complex research problems by solving them
independently or in a team.

All this, together with my personal observations of the PhD student's work, leads me to
believe that the part of the work presented as a dissertation and the contributions in it 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, four
of which are co-authored and one is independent. All publications have been presented at
international conferences and are available in IEEE and SCOPUS.



A list of five publications for the period 2017-2022 is attached to this dissertation. One of
them is solo, the others are co-authored with the supervisor or a larger team. The publications are
in Electrical Engineering Faculty Conference BulEF - two; one in Conference on Energy
Transition in the Mediterranean Area, (SYNERGY MED 2022), one in IX National conference
with international participation ELECTRONICA 2018 18 - 19 May 2018 and one in Lighting
2017, 19 - 21 October, Varna, Bulgaria, National Lighting Conference for Young Scientists1. A
declaration of originality and authorship of the contributions in the PhD thesis is attached.

A declaration of originality and authorship of the contributions in the PhD thesis is attached.

Citations of other authors are not included. All publications are related to the dissertation
topic and are visible in SCOPUS. The choice of mainly technical forums as a venue 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 on the design, computer modeling and optimization of micro and
nano grids has its practical application in finding new solutions and improvements in their
development.

The mathematical models developed in Simulink of Matlab, the development of a new
controller with the corresponding algorithms and the use of the software product "STATUS"
make it possible to recreate conditions and events as well as test physical devices and strategies
for controlling loads.

I think their implementation is relevant and will be useful already at this stage.

The results would be useful in developing methods and strategies for control and management
of modes in micro and nano grids with renewable DEI. 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.

Of an editorial nature:

e The voltage dependence shown in Figure 85 (page 150) is hyperstatic in nature, not static
as stated.

e The analysed circuits (Fig. 86 p. 151) of the input voltage and power converters of the
microcontroller are practically equipotential, not with galvanic separation as indicated.

Recommendations:

e A different result would be achieved if the structure of the SCADA used is changed,
providing a communication environment for fast access to device data at the different
nodes of the micro- and nano-networks analysed (Chapters 5 and 6).

e It is a good idea to define the accuracy of modern software used to convert records from
graphical to digital form. (Otherwise the requirements for accuracy and reliability of the
simulation model are negated).



e The term "power hardware" is used without specifying that it is static electronic
transducers (only on page 110 is it defined as PM). Basically, any power generation uses
power hardware or more precisely converter...

e There are more accurate methods of measuring the frequency of a complex periodic signal
that can be used in the design of new controllers. The method used in the design depends
heavily on the harmonic composition of the signal and the ADC discharge and conversion
time. However, I expect the results to be sufficiently accurate for the research objectives.

e In mathematical models in Simulink, an abrupt jump from one steady state, to another
(Chapter 2) can occur if the time constants of the objects are not correctly reflected,
especially when using a simplified model of a synchronous machine.

¢ In the verification and evaluation of the dynamics of the developed physical rig (Chapter
4), part of the results are practically the determination of the object time constant. The
repetition of the experiments simply shows that it is necessary to match the periodicity of
the control actions, with the time constant of the object (called here response time,
probably from the translation of 'response time' used in Matlab).

e The LT Spice simulation of the circuit solution in Figures 97, 99, and 101 (pages 168, 170,
173) is incorrect. If the input resistance of the S/H in ADC is 10kQ it would change the
signal from the source. By default, the input channels of embedded microcontroller ADCs
and their adjacent multiplexers with S/H module is >100k€.

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

The comments and recommendations made. Its merits are clear.
11.  Conclusion with a clear positive or negative evaluation of the thesis

In my personal opinion, the dissertation 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 fulfils the requirements of the Law on the Application 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. Tsvetomir Sashkov Asenov 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: 28.02.2025 Reviewer:

/ Prof. PhD Eng. Angel Tsolov/
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