PE3IOMETA HA HAYYHUTE TPYJOBE U CIIPABKA 3A IITPUHOCUTE
Ha o1l a-p uk. 3axapu Kuskos 3apkoB,
npeacTaBeHH 3a ydacTue B KOHKYpC 3a A/l ,,ipodecop” B HAyUHO
HanpasJieHue 5.2. ,, EnekTpoTexHuka, eJIeKTPOHUKA U aBTOMATHKA “,

CreunaJJHoCT , EjexkTpuyeckn MmammHu®,
oo0sisen B /IB Op. 93 o1 26.11.2019r.

3a ydacTue B KOHKypca ca NpeacTaBeHu oomo 78 Tpyna Ha KaHAUIATa, KOUTO BKJIIOYBAT:

® 33 IBNBJIHEHWE HAa IOKa3aTeauTe OT rpyna B kaTo paBHOCTOMHM Ha
xabunuranuoneH Tpyn ca obeamHeHu 11 craTum, KOMTO Ca WHACGKCHPAHH B
SCOPUS,;

® 32 M3MBJIHEHHE Ha TOKaszarenute OT rpyna I ca mpencraBeHu 8 myOmukaiuy,
uHnekcupanu B SCOPUS (enna ot Ts1x mma SJR ot ScimagolJR), u 40 nyOnukanuu
B Hepe(depHpaHH CIIMCAHMS C HAYYHO PELICH3UPAHE WK B PEaKTUPAHU KOJIEKTUBHU
TPYHOBE;

® 3a U3NBJIHEHHME Ha IOKa3aTeJuTe OT rpyna 3 3a MpeAcTaBeHH 2 CTaTHH,
ny 0Ky BaHH B u3ganue, koero uma SJR ot SCOPUS;

® T[PEACTaBEHHW Ca M 5 CTAaTHH, KOMTO Ca NMPHETH 3a MyOJMKyBaHe, KaTo HE ca
BKJIFOUEHU B TOUKUTE OT rpyna I

e 2 Oposi MPU3HATH MATEHTH,

e | yHMBEPCHUTETCKHU yUEOHUK;

¢ 1 pBKOBOACTBO 3a JAOOPATOPHU YIIPAKHEHUS.

Ot Hayunute myOnukanuu 17 ca Ha OBATapCKy e3WK, a 57 ca Ha aHTnlCcKH e3uk. M3nanenu
ca B MEXIYHApOIHH U OBJArapCKU HAyYHHU CIUCAHUS U TIEPHOANYHHU aKaJeMUYHH U3[aHUs, KAKTO
U B COOpPHMLM C Hay4yHH TPYIOBE HA YyXKASCTPAHHH, MEXIYHAPOAHH, HALMOHAJHH U
YHUBEPCUTETCKH HAYYHU QOPYMH.

Hayunure Ttpynoee B uyxOnHa ca myOJHMKyBaHU B MeXAyHaponHu w3manus (Material
Science Forum, Springer) u cOopHUIM Ha MEXAyHApOIHU HaydHH KoH(pepeHuuu - International
Power Electronics and Motion Control Conference EPE-PEMC 2010, 2012, 2016, Conférence
Electrotechnique du Future «EF 2009», 7¢éme COlloque FRancophone en Energie, Environnement,
Economie et Thermodynamique - COFRET'14, cwcrosmu ce B Oxpua, Hosu Can, BapHha,
I'penoOba u [apuk.

[TyOnukyBaHu ca cTaTUX 1 B COOPHHULIM HA MEKIy HApOaHHU KoH(epeHImu B bbarapus, kato
International conference on electrical machines, drives and power systems ELMA, International
Symposium on Electrical Apparatus and Technologies SIELA, Challenges in Higher Education &
Research in the 21st century, Colloque francophone sur 1’énergie — environnement — économie et
thermodynamique COFRET 2012.

B Obnrapcku u3naHus ca OTHevaTaHy CTaTHH B HayuyHUTe crircanus Ecological Engineering
and Environment Protection EEEP, Electrotehnica & Electronica E+E.

OcraHanuTe ca B MEPUOJUYHH HAYYHU M3JAHUS HA BUCLIH YUHITHIIA.

Hsikon OT cratuure ca OOKJIanBaHH Ha KOH(QEPEHLMHM M CJeI TOBa Ca OTIeYaTaHH B
CIMCAHMS, HO B CIIUCHKA HA TPYIOBETE Ca BJIE3JIU CAMO €IMH ITbT.

Kanauaarst € chaBTOp Ha ABa MPU3HATH MATEHTA.



JIOKYyMEHTHPAHO € Y4aCTHETO B 3 MEXKIyHapOJAHU U 12 HAalMOHAIHU NPOEKTA, KaTo Ha 3 OT
TSIX KAaHOUIATHT € OWJT PBKOBOIUTEIL.
[IpencraBena e crpaBka 3a 0010 63 UTHPAHUS HA HAYYHHUTE TPYJAOBE HA KAHAUIATA.

I'pyna B4. Ily6nukauum, paBHOCTOMHU Ha XaOUIUTALMOHEH TPy Mo o010 3arjiasue
»CucreMu 3a reHepupaHe u mnpeoOpasyBaHe Ha eJleKTpHUUYeCKAa eHeprusi oT
Bb300HOBsIEeMU eHEePruiiHN U3TOYHULIH

Karo paBHOCTONHM Ha XaOwinTauuoHeH Tpyx ca obemumHeHun 11 cratum, KoWTO Ca
unnexcupanu B SCOPUS.

[M1] Zarkov, Z., B. Demirkov. Power Control of PMSG for Wind Turbine Using Maximum
Torque per Ampere Strategy. 15-th International Conference on Electrical Machines, Drives
and Power Systems (ELMA), 1-3 June 2017, Sofia, Bulgaria, pp. 292-297. doi:
10.1109/ELMA 2017.7955451 (SCOPUS).

B cratusTa e npencraBeHO U3CieBaHE HAa CTPATErHH 3a yIIPaBJIEHHE Ha MOIIHOCTTA BbB
BEIIC ¢ romsima momuOocT 2MW, ¢bCTOSIIA C€ OT BATHPHA TypPOWHA, CUHXPOHEH IeHEepaTop C
noctossHHU MarauTi (CI'TIM) u enektpoHeH npeoOpasysaten. PaboraTta € cbcpenoToueHa BbpXy
yIPaBICHUETO Ha TeHepaTopa B obiacTra Ha paboTa Ha CUCTEMaTa C MPOMEHJIMBA CKOPOCT Ha
TypOunata. M3cnensana € kKOMOMHALMS OT aJrOPUTHM 3a CIEIEHE Ha TOYKAaTa HA MaKCHMAaJlHa
mMomHoCcT Ha TypOuHata MPPT u crparerust 3a ympaBjieHHE Ha MOIIHOCTTa Ha reHepaTropa ¢
MakcumaneH MoMeHT 3a ammnep (MTPA — Maximum Torque Per Ampere). IlpencraBenu ca
ChOTBETHHUTE MATEMAaTHYHHM MOJEIH, WU3MON3BaHU 3a TypOunara, MPPT, reneparopa,
npeoOpasyBaTesis, KaKTO U aJrOPUTHM 32 ONpEeNssHE Ha ONTHMAJIHHUTE 3aaHUsS 32 TOKOBETE Ha
reHepaTopa B dq KoopauHaTHa cuctema 3a peaqmsupane Ha MTPA. HanpaBeHo € cpaBHEHHE Ha
pabotara Ha reHeparopa npu ynpasieHue ¢ MTPA u ¢ ynpasnenue ¢ HysieB Tok 1o octa d (ZDAC
— Zero d-axis Control) u e nokaszano, ue npu ynpasieHne ¢ MTPA enextpudeckure 3aryou B
MalpHaTa ce Hamassear. PaspaboTeH € cuMynalroHeH Mopen Ha cucrteMata. [IpencraBeHu ca
pe3yaTaTH OT CHMYJIALMH NPU Pa3IMIHA paOOTHH yCIOBUS HA CUCTEMATa, KOUTO C€ OTPEACTIT C
NpeaBAPUTENTHO 3a0a1eHH PO TN HA UI3MEHEHHETO Ha CKOPOCTTA Ha BATHPA BbB BPEMETO.

[M2] Demirkov, B., Z. Zarkov. Study of Two MPPT Methods for High Inertia Wind Turbine with
Direct Driven PMSG. 2018 20th International Symposium on Electrical Apparatus and
Technologies (SIELA), Bourgas, 2018, doi: 10.1109/SIELA.2018.8447164 (SCOPUS).

B cratusTa e npencraBeHo U3CieBaHE HA METOM 32 CJIe/leHe Ha TOUKaTa Ha MaKCUMajHa
momHOocT (MPPT) Ha BsThpHa TypOMHA C TONSIM HMHEPUHMOHEH MOMeHT. Paspaborenm ca
MaTeMaTUYECKU U CUMYJIALIMOHHHU MOJIEJIM Ha J1Ba OT Hail-ueCcTo u3non3sanute meroau 3a MPPT —
¢ ontuManHo ckopoctHo oTHommeHue (TSR) u ¢ ontumanern moment (OTC). Pa3paboreH e u
sutocteH Mozen Ha BEIIC, BkimouBam TypOuHa, CHHXPOHEH I€HEpaTop C MOCTOSIHHA MarHuTH,
enekTpoHeH mpeoOpasysaren back-to-back, cBbp3an kbM enektpudecka mpexa. OCHOBHUAT
akLeHT B paboTaTa € M3CIeIBAHEeTO U CPABHEHUETO Ha NMEeHCTBUETO ABata merona 3a MPPT, mpu
ChUETABAHETO UM CbC CTpaTerus 3a yIIpaBjIeHUE Ha FeHepaTopa MaKCUMAaJleH MOMEHT 3a aMIep U
BKJIFOYBAHETO HA IpsIaTa Bepura 3a npeobpasysane Ha eHeprusita BbB BEIIC. IlpencraBenu ca
pe3yaTaTy OT CUMYJIALMK NIPU Pa3IMYHUA PabOTHHU YCIOBHS HA CHCTEMATa ChC 3aAaeHH MPOQUIH
Ha M3MEHEHUETO Ha CKOPOCTTa Ha BATHpA: 3a H3CJelBaHe Ha AMHAMHKATa CbC CTBHIAJOBUAHU
M3MEHEHUs U peajMCTUYEH 3a U3CJe/IBaHe Ha IPOU3BOICTBOTO HA €HEPTHsl.



[M3] Demirkov, B., Z. Zarkov. Study of physical model of WECS with synchronous generator
and back-to-back converter. 2019 16th Conference on Electrical Machines, Drives and Power
Systems, ELMA 2019, 6-8 June 2019, Varna, Bulgaria, doi:10.1109/ELMA.2019.8771656
(SCOPUS).

IIpencraBen e paspaboTeH OT aBTOpUTE CTEeHI ((PU3MUECKH MOAEIN) 3a CUMYJHUpPaHe Ha
paboTara Ha BeTpOSHEprHiiHa mpeoOpa3yBaTesiHa CUCTeMa CbC CHHXPOHEH reHeparop. CTeHObT
BKJIFOYBA. €MYJIaTOp Ha BITbPHA TypOMHA C JABUTATe] 3a IOCTOSHEH TOK U EJIEeKTPOHEH
npeoOpasyBaTes, CHHXPOHEH T'eHepaTop C €JIEKTPOMArHUTHO Bb30OY)KAaHe, IBa TPAH3HCTOPHHU
TpudazHu npeodpasyBaTens, CBbP3aHHU C MOCTOSHHO-TOKOBA JHHHA (CTpykTypa back-to-back);
CEH30pH U eJIEKTPOHHU CXEMH 3a YIpaBJeHHe Ha peoOpa3y BaTeIuTe; MUKPOIPOLIECOPHA CUCTEMA
dSPACE D1104 3a ynpasnenue u cbOupane Ha n1aHHu. PaspaboreHu ca mporpamu, paboTery B
peanHo BpeMe 3a ympasieHue Ha momHoctTa Ha BEIIC, BrmrouBamu anroputbMm 3a MPPT,
cTparerusi 3a yrpaBjieHHEe Ha MOLIHOCTTa Ha reHepaTopa ¢ MaKCHMajeH MOMEHT 3a amIiep U
BEKTOPHO YIIpaBJieHHe Ha mpeoOpasyBareis, OChLIECTBsIBALL Bpb3KaTa ¢ Mpexara. [loaydenu ca
pe3yjaratu OT CKCIONCPUMCHTAJIHU H3CJICABAHHSA, KOHUTO TIOTBBPXKAABAT AaJCKBATHOCTTA Ha
pa3paboTeHHnTe ANITOPUTMH M MOZAENH 3a yHpaBlieHue, kouto ca npuioxkumu 3a BEIIC cbe
CUHXPOHHU I'€HEPATOPU C CJICKTPOMArHUTHO B’I:>36Y)KI[aHe U C FCHEPATOpPU € NMOCTOAHHU MArHUTH.

[M4] Zarkov, Z., 1. Bachev, L. Stoyanov, V. Lazarov. A Study of Parallel Structures of DC-DC
Converters for Application in Wind Energy Conversion Systems. 2016 IEEE International
Power Electronics and Motion Control Conference (PEMC), 25-30 Sept. 2016, Varna,
Bulgaria, pp.32-37. 10.1109/EPEPEMC.2016.7751970 (SCOPUS).

IIpencraBenara pabora u3cieABa W CpaBHSIBA pasiudHU cxeMu Ha mapanennu DC-DC
npeobpasyBaTen ¢ O0IIO BXOAHO M M3XOMHO HanpeskeHue. M30paHnuTe cxeMu ca MOIXOJSIIN 32
cucTeMH 3a mpeoOpasyBaHe Ha BSTbpPHA €HEPrHs ¢ MPOMEHJHBa ckopocT. M3ciensaHu ca Tpu
cxemu Ha TipeoOpasyBarenu — mosumasall (boost), HEMHBEpTHpAII MOHUKABAIO-IOBUIIIABAII
(HUITIT) n SEPIC (Single-Ended Primary Inductor Converter). Ilapanensure npeobpa3syBaremnu
Ce CBCTOSIT OT [Ba MAEHTHYHM mpeoOpasyBarens ¢ OOLIM BXOAHM U M3XOAHH HAMPEKEHUS U
ynpasisisaau ¢ [IIMM c pazmectenu BB Bpemero ummyiicu (interleaved control). Ha Ga3ara Ha
NpeIOKEHUTE NETAMIHA MaTeMaTHYHH MOJIEJH ca pa3paboTeHH CUMYJIALIMOHHI MOJIENIH B cpeaa
Matlab/Simscape. [IpoBeneHu ca cCuMyJialiuy, MPU KOUTO Ca MOJy4YeHH (POPMUTE Ha TOKOBETE U
HAMpPEXKEHUsITA B pa3JMYHH TOYKM Ha npeoOpasysarenure. CpaBHEHH Ca MaKCUMATHHTE
HAMpPEeXKeHUs] Ha TPAH3MCTOPUTE M AuUOAuTe B mpeoOpasysarenute. U3uncnenu ca edexkTuBHuTE
CTOMHOCTH Ha TOKOBETE B HAil-BA)KHUTE €JIEMEHTH HA CXEMUTE U Ca HANpaBeHU CPaBHEHHS U
U3BOIH.

[M5] Zarkov, Z., V. Lazarov, 1. Bachev and L. Stoyanov. Theoretical and Experimental Study of
Interleaved Non-Inverting Buck-Boost Converter for RES. 2018 International Conference on
High Technology for Sustainable Development (HiTech), Sofia, 2018, pp. 1-5. doi:
10.1109/HiTech.2018.8566632 (SCOPUS).

CrarusATa € TOCBETEHa HAa TEOPETUYHO M EKCIIEPHMEHTAIHO H3CIeNIBaHE Ha IMapaliesieH
HEWHBEPTUpAII TOHIKaBao-nopumasany npeodpasysaren (HUIIIIIT), npegHasHaden 3a padora
B cuctemu ¢ BEU. CbcraBen e neraiiyieH MaTeMaTU4YeH MOJIENT B IPOCTPAHCTBOTO HA ChCTOSIHUSTA.
Paspaboten e n cumynanuoneH mozen. IIpoBeneHn ca cuMyJaly U ca MOKa3aHU Pe3yJTaTu 3a
(dopMHUTE HA TOKOBETE U HAMIPEIKEHUATA B PA3JIMUHU TOYKH OT CXEeMaTa MPH PA3IUYHH PEXKUMH Ha
pabora. M3cnenBaHO € MOBENEHHETO HA CXeMaTa NP HAJIWYMe Ha pasjiiKa B KOepHIMEHTa Ha
3ambJIBAHE HA YIPaBJISIBALIMTE UMITYJICH Ha JBata nmpeodpasysatens. PaspaboreH e nabopaTopeH
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MozeNn Ha mpeoOpasyBarensi M yNPaBICHHETO, C KOWTO ca TNPOBEASHH EKCIEePUMEHTAHH
u3CNenBaHuA. Pe3ynTatuTe MOKa3BaT, Y€ H3CIEABAHUAT MapalieieH NpeoOpasyBaTesl MOXKe
YCHEIHO Ja paboTH NpU MUPOK 0OXBAT HA U3MEHEHHE Ha BXOMHOTO U M3XOMHOTO HAIPEKEHUE.
Tosa nmpasu HUIIIIT ocoberno momxoxsi 3a npusiokeHusi BB BEIIC ¢ manka MomHOCT (10
HSIKOJIKO KHJIOBATa), KBIETO € HEOOXOAMMO J1a Ce aJJanTHPa U3XOABT HA T€HEPATOPa KbM PA3TUIHH
TOBapH.

[M6] Zarkov, Z., 1. Bachev, V. Lazarov. Small Wind Generator System with Non-Inverting Buck-
Boost Converter and Battery Storage. 15-th International Conference on Electrical Machines,
Drives and Power Systems (ELMA), 1-3 June 2017, Sofia, Bulgaria, pp. 298-303. doi:
10.1109/ELMA 2017.7955452 (SCOPUS).

B crarus e Hanpaseno nzcnensane Ha BEIIC ¢ manka mMomHocT, paboTemma B aBTOHOMEH
PEKUM U ChCTOSAIIA C€ OT. BAThPHA TypPOMHA, €NEKTPUYECKH F€HepPaTop C MOCTOsTHEH MarHut, DC-
DC npeobpasysaren, akyMyaaTopHa OaTepusi 1 aBTOHOMEH ToBap. EnexTpuieckusT reHepaTop e
MOAU(HUIHMPAH OT aBTOPUTE ABTOMOOUJIEH aITEPHATOP, YMSTO B30y IUTEIHA HAMOTKA € 3aMEHEeHa
C MPBCTEHOBHUAECH MAarHUT OT penkozeMHH Matepuanu (NeFeB). KeM cucremara e BKIIOUEH H
anroputbM 3a MPPT, kOHTO perysmpa MOIIHOCTTA Ha TypOWHATa MOCPENCTBOM YIPaBJICHUE Ha
TOBapHUsI TOK Ha re”eparopa. Tosa ce moctura 4upes ynpasjeHue Ha Bxondauus Tok Ha DC-DC
npeoOpasyBarens. Pa3paboTeHn ca MareMaTHYeCKH M CHUMYJIALIMOHHM MOJENH Ha CHUCTeMaTa B
cpena Matlab/Simulink. IlpoBeneHn ca cuMyjalMu NPU YETUPH PA3IHUYHH HANPEXKEHHUS Ha
aKkyMmyJaTopa U IpOMsiHA Ha CKOPOCTTa Ha BSTbpPA, KOMTO IMOKa3BaT, Y€ aJrOPUTMHUTE 3a
yIpaBJIeHNE Ha MOIITHOCTTA OCHUTY PsIBAT 10Opa MPOU3BOAUTEIHOCT U JOOPO AMHAMHUYHO IOBEICHNE
Ha cucteMaTta. Pesynrarure ocurypsisat 0asa 3a ontumalieH n300p Ha HapeXKeHHe U KaraluTeT Ha
aKyMyJIaTopa, KakToO M 32 W300p MM MPOEKTHUpPaHe Ha MOAXOMASI] TeHepaTop 3a Ja/ieHa BSIThPHA
TypOHMHA 1 M3XOHO HANPEKEHUE.

[M7] Stoyanov, L., Z. Zarkov, 1. Draganovska and V. Lazarov. Methods for Energy Production
Estimation from Photovoltaic Plants: Review and Application. 2018 International Conference
on High Technology for Sustainable Development (HiTech), Sofia, 2018, pp. 1-5. doi:
10.1109/HiTech.2018.8566638 (SCOPUS).

B crarusra e HanpaBeH niperjien u 0000IIeHNe Ha OCHOBHUTE U3BECTHU METOIU 3a OLIEHKA
Ha MOIIHOCTTa U MPOU3BOOUTENHOCTTa Ha (oroBonTamunure nentpamn (PB) - (usuunmy,
crarucTidecku U xubpuman. OCHOBHATA LN Ha TO3U Mperies € na ce u3depe moaxon H 1a ce
pa3paboTy MOAXOASII MOMEN 33 OLEHKA HA U3XOHATa MOIIHOCT Ha chinecTByBama @B nenrpana
¢ ma"enmu ot amopdeH cwimumii. ExcrepuMeHTtangHata cuctema € (POTOBONTaMYHA IEHTpasa,
MoHTHUpaHa 030 1o ¢. OpsixoBo, odnact XackoBo, ¢ obma uHcTamupana momHocT 1,31MW.
N3bpan e MmonensT Ha J{ropui, KOWTO naBa 1oOpu pe3ynraTy npu pasnudyau Turnose @B nmanemu.
OcBeH TOBa MOJENBT € MOAXOISI MPOTHO3WPAHE Ha MPOM3BOAUTETHOCTTa Ha ®PB manenmu 3a
Obaenu neproau OT BpeMe Ha 0azaTa Ha MeTeOpOIOrnyHU naHHu. M3uncnenusita ¢ pa3paboreHus
MOJIeJT 33 TIaHeJIU OT aMop(eH CHITMIIME ca U3BBPIIEHHU ¢ M3MOJI3BaHe Ha peasiHa uHopmanms 3a
BpeMeTOo W paboTaTa Ha UeHTpajata. MoneabT € anpoOupaH 4ype3 H3YHCISIBaHE HA M3XOOHATA
MOIIIHOCT IIEHTPAIaTa 3 JHU C PA3JINYHI METEOPOJIOTUYHH YCIIOBUSI U CPABHSIBAHE HA PE3YJITATUTE
C peajTHO U3MepeHaTa MOIIHOCT MPH CHIIUTE yCIOBUSI.



[M8] Zarkov, Z., L. Stoyanov, V. Milenov, H. Voynova, V. Lazarov. Modeling of PV Generators
from Difterent Technologies — Case Study. 2016 IEEE International Power Electronics and
Motion Control Conference (PEMC), 25-30 Sept. 2016, Varna, Bulgaria, pp. 419-424, doi:
10.1109/EPEPEMC .2016.7752034 (SCOPUY).

B cratuAara € mpencraBeHO TEOPETUYHO U CKCIEPUMEHTAJTHO H3CJIeNBaHE Ha
(OTOBONTAMYHM T€HEPATOPH C MET Pa3jIMYHHU THUIA MAHEJIH, KOUTO Ca CBBP3aHH C enHO(a3HH
MHBEPTOPH KbM €JIEKTpUUYecKaTa Mpeka. Bcuuku renepatopu uMaT No4YTH €AHAKBA MOLIHOCT U ca
UHCTATUpaHu Ha CboTo MsAcTo B rp. Codust. K., Ha GoTOBONTAMUHUTE MOMYJIH CE€ M3YHCIISBA
Ha Oa3ata Ha Mmojena Ha J{fopwin, KaTto ce HM3MOJ3BAT JBA MOAXOJa — ¢ M Oe3 OT4YMTaHe Ha
BB3yLIHaTa Maca. OCBEH TOBA € IOKA3aHO, Y€ BIUSHUETO Ha BB3AYIIHATA Maca B MOJIEJIa MOXKE 1a
Opne npeHeOperHato, KaTo Tpemkata ocraBa mnpueminsa. Ha ©Oaszata Ha pesyarature OT
W3CJIEBAHETO Ca HANTPABEHH 3aKJIFOUCHUS 32 TPOU3BOAUTEIHOCTTA Ha pa3anuauTe @B nanenu nmpu
pealHu MeTeOpOJIOTHYHH yClioBUs. Pa3paboten e u Monen Ha enHopa3eH WHBEPTOP 3a BPB3KaA C
Mpe>1<aTa, KOI>'ITO N34YUCisiBa K.I1.4. B 3aBUCUMOCT OT BXO4sdllara MOIIHOCT Ha I/IHBepTOpa.
HanpaseHo € u3unciieHne Ha U3XoasAiara MOIHOCT Ha @B reHepaTtop, CbCTOALL C€ OT NaHEeau U
WHBEPTOP, KaTO Ce M3MOJI3Ba KOMOWHAIUS OT MOJIEJTUTE Ha MaHesa 1 Ha uHBepTopa. CpaBHEHUETO
Ha MOJIYYSHUTE PEe3YJITATH ¢ eKCIIEPUMEHTATHUTE TAHHU TTOKa3Ba MHOTO TOOPO CHBMAACHHUE.

[MO] Stoyanov, L., I. Draganovska, G. Notton, Z. Zarkov, V. Lazarov. Modelling PV Panels: Case
Study of Oryahovo, Bulgaria. 15-th International Conference on Electrical Machines, Drives
and Power Systems (ELMA), 1-3 June 2017, Sofia, Bulgaria, pp. 91-95. doi:
10.1109/ELMA 2017.7955408 (SCOPUS).

IlenTa Ha TOBA M3CIIEOBAHE € 1a Ce Pa3pabOTH aeKBATEH MO, KOMTO U3YUCIIsABA K.IL. U
M3XO[HATa MOIIHOCT HAa HU3, CBCTOSU C€ OT 4 TBHKOCHOWHM cuinuuesn PB monyna, mpu
Pa3IMYHU KIMMAaTUYHU ycrioBus. To3u HU3 € yacT oT rojsiMa @B neHTpana, KOATO ce CbCTOU OT
820 takmpa Hm3a. OOmara mMakCuMajHa MOINHOCT Ha enuH Hu3 ¢ 1600Wp. UscnensaneTro ce
OCHOBaBa Ha mojena Ha Jlropuin u u3non3sa ganau, crOpanu or SCADA cuctema OT peajHara
¢doroBonranyna nenrpana. K.ma Ha @B cuctema u reHepupaHaTa MOIIHOCT Ca M3YHCIJIEHU C
opurnHaiHUs Moaen ropuin u ¢ Mmonuduupan Monen, papadoren ot aBropure. Karo BxogHu
JAHHU Ce HW3MOJI3BAT CI'bHUEBATa paaualus B paBHMHATA Ha [aHEJIUTE U TeMmIeparypara Ha
NAaHEJNTe, KAKTO U EMIMPUYHHTE KOe(QHUIMEHTH 3a amnpoKCHMAIUsATa Ha KpHUBaTa Ha K.ILI.
ITony4yeHure TeOpeTUUHHU PE3YyJITATH 3a M3XOJHATAa MOIIHOCT Ca CPABHEHU C €KCIIePUMEHTAIHU
naHHu. CpaBHEHHETO MOKa3Ba, Y€ BIMSHUETO HAa BB3AYLIHATa Maca, B3€TO IOJ BHUMAaHUE B
OpPUTHHAJIHUS MOJIEN, MOKe Aa Oble mpeHeOperHaTo 0e3 ChiecTBeHa 3ary0a Ha TOYHOCT.

[M10] Milenov, V., Z. Zarkov, B. Demirkov, 1. Bachev. Modeling of electrical characteristics of
various PV panels. 2019 16th Conference on Electrical Machines, Drives and Power Systems,
ELMA 2019, 6-8 June 2019, Varna, Bulgaria, doi:10.1109/ELMA 2019.8771692
(SCOPUS).

B cratusTta e npenctaBeH MaTeMaTHMYECKU M CHUMYJIALIMOHEH MOJEN 3a W3YUCIISIBAaHE Ha
BOJIT-aMIIEpHUTE XapakTepucTuku Ha OB nanenu u @B reneparopu npu 3a1aileHU HHTEH3UTET HA
CITBHUYEBOTO JIbYCHHUE U TeMIlepaTypa Ha kjeTkure. MonensT € nmpunoxeH 3a OB nanenu ot ner
pa3IU4YHU TUMA, KOUTO Ca MPOU3BENCHM MO PA3JIMYHHU TEXHOJOTHH U OT PA3UYHU MaTepHAIIU.
Paspaboten e moaxon 3a onpenensHe Ha K.11.4. Ha @B maHenu npu npou3BOJIHHA PaOOTHH YCIOBUS
(cbHUEBa panualus U TEeMIepaTypa Ha KIeTKuTe) Ha 0a3aTa HA MOAENa Ha BOJNT-aMIEpPHHUTE
XapakTepucTuku. IIpeacraBeHn ca M3HHUCIUTENHY PE3YATAaTH 38 BOIT-aMIIEPHUTE XaPaKTEPUCTUKU
Ha @B maHenmu OT MeT pa3jMyHU TUMA NPU PA3TUYHU PaOOTHU yCIOBUS (CIBbHYEBA pajualdsl U
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TEMIepaTypa Ha MOAYJUTE), KOUTO Ca CPAaBHEHH C EKCIIEPUMEHTAJIHH JaHHU U Ca TOJYyBbUYECHU
MHOTO 100pH ChBIAIEHHSI.

[M11] Zarkov, Z. Application of dSPACE Platform in the study of electric generators with RES.
2018 20th International Symposium on Electrical Apparatus and Technologies (SIELA),
Bourgas, 2018, doi: 10.1109/SIELA .2018.8446654 (SCOPUS).

CrarmsiTa mpencTaBs Bb3MOXKHOCTUTE 3a MPHJIaraHe Ha MHUKPOINPOLIECOpPHATa IutaTdopma
dSPACE 3a u3cnenBaHe Ha €JIEKTPUUECKH T'€HEPATOPH, M3MOJ3BAIIN Bb30OHOBSIEMH €HEPTUHHH
uzrounuun (BEWM). [naTtdopmara ce ChCTOM OT XapAyepHa 4acT U coPTyep, KOUTO MO3BOJISBAT
JecHO W OBp30 mporpaMHpaHe U TeCTBaHE HA MOTPEOUTENCKHM MPOTrpaMH 3a YIIPABJIECHUE H
cumyauusi. Eqra MHOTO BakHa onumst € uaTerpanusra ¢ Matlab/Simulink RTI, xosTo no3BossiBa
OBP30TO MPOTOTUIIHPAHE HA AJTOPUTMHTE 3a yrpasieHue, papadorenn B Simulink. ABTOPBT
npeacraBs cBosi onut ¢ dSPACE wmopmymure DS1104 uw DS1103, kouTo ce u3MON3BaT B
Jlaboparopusita 1O BB3OOHOBSIEMU M3TOUYHMIM Ha eHeprus (Enekrpuuecku acmekTH) B
Enexrporexnnuecku pakynret Ha Texunuecku yausepcutet - Codus. [Inardpopmara dSPACE ce
npuiara TJIaBHO 3a YIpaBlieHHE Ha €JEKTPOHHMU NpeodpasyBaTesu 3a €JIeKTPUYECKa CHEPTrHs,
npousseneHa or BEWM. Pesynratute nokasmat, de muatdopmMara € MHOTO TOJie3Ha MpH OBbp30
TECTBAaHE U BHEAPSIBAHE HA YIPABISIBAINY aIrOPUTMH, paspaborenu B Matlab/Simulink. Ocsen ToBa
NPEIOCTABEHUSAT Xapayep U coPpTyep JaBaT Bb3MOXKHOCT 32 ChbOMpPaHe Ha JaHHU B PEATHO BpEMe,
KOETO HaMaJIsiBa Hy KAaTa OT JOITBbIHUTEIHO U3MEPBATETHO 00OPYABAHE.

I'pyna I'7. HayuyHu ny0aukauuu B U3JdaHUS], KOUTO ca pedepupaHy U UHAEKCHPAHU
B CBETOBHOU3BECTHH 0a3u JaHHU ¢ Hay4yHa uHpopmauus (SCOPUS)

I'l. Lazarov, V., D. Roye, Z. Zarkov, D. Spirov. Analysis of DC converters for wind
generators. Proceedings of the X VI International Symposium on Electrical Apparatus and
Technologies SIELA2009, Vol. 2, 4-6 June 2009, Bourgas, Bulgaria, 2009, pp. 157-164
(SJR=0.1, 2010).

B crarusTa e mpencraBeH Mozes Ha €JIeKTPOHEH mpeolpasyBares, ChCTOSI Ce OT JUOACH
tokousnpasuten 1 DC/DC nosumasain npeodpasysaren u padoTenl ChbBMECTHO ChC CUHXPOHEH
reHeparop. Cucremara e mpefHa3HauYeHa 33 W3MOJI3BAHE BbB BITHPEH M€HEPATOP C MPOMEHJIMBA
ckopocT Ha pabotra. Monenute ca paspaborenn B Malab/Simulink u PSPICE cpean.
MonenupanuTe npeoOpa3yBaTeNy ca peaju3upaHy 1 € MPOBEIEeHO eKCIEPUMEHTATHO H3CIIeIBaHe.
Tlokaszanu ca CpaBHCHUA MECKAY PEIYITATUTEC OT CUMYJIAIIUUTE U CKCIICPUMEHTHUTE U € HAMEPCHO
MHOT0 J00po cbBhaneHue Mmexay Tsax. CumynupaHa e gopmara Ha TOKa M HAMPEKEHHETO Ha
CHHXPOHHHS T€HEPATOP, KAKTO M TOKOBETE U HANPEKEHUSTA B €JIEKTPOHHHUS ITpeodpa3yBarten npu
pa3nu4HU pekuMu Ha paboTa. HampaseHa e oueHka Ha 3aryOuTe B mpeoOpa3yBaresisi B 3aBUCHIMOCT
OT HATOBapBaHETO Ha 0as3ara Ha MJaHHU OT MPOU3BOJUTEIHMTE HA EJIEKTPOHHUTE EJIEMEHTH M
u3MepBanusi. [IpoBeneHO € eKCriepUMEHTATHO U3MepBaHe Ha 3aryOure B reHeparopa mnpu padora
C JUOACH UI3IMPABUTEI U MPHU pa60Ta C AKTUBECH TOBAp U € OLUCHCHO INOHMXXABAHETO HA K.IL.A. TIPpU
paboTtara ¢ auonHus u3npasutes. HanpaseH e XapMOHHYEH aHAIN3 Ha TOKa Ha FeHepaTopa.

2. Lazarov, V., D. Roye, D. Spirov and Z. Zarkov. New Control Strategy for Variable Speed
Wind Turbine with DC-DC converters. Proceedings of 14th International Power
Electronics and Motion Control Conference EPE-PEMC 2010, 6-8 September 2010,
Ohrid, Macedonia, pp. T12-120-T12-124. doi: 10.1109/EPEPEMC.2010.5606570



IIpenmer Ha HM3ClenBAaHETO B CTaTHsATA € TMOBENECHHETO Ha KOH(Urypalus OT BSIThPHA
TypOMHAa C MPOMEHIMBA CKOPOCT, CHUHXPOHEH TIeHepaTrop ¢ IMOCTOSHHH MArHUTH, IHOIEH
U3MpPaBUTEN, HEMHBepTUpal nosuinasammo/nonmkasan; DC/DC npeobpasysaren (non-inverting
buck-boost) u ToBap. PaspaboTeH e CHMyJIallMOHEH MOJEN Ha IsiaTa CHUCTeMa, KaTO OCHOBEH
aKLEeHT e nocraseH Ha monenupaneto Ha DC/DC npeoOpa3sysatens u peryaaropa (KOHTpoiepa) 3a
yIPaBICHUETO HAa MOIIHOCTTA HA eNeKTpu4eckusi renepartop. JeduHupaHo e ympasieHue Ha
eNIEKTPOHHUS MpeodpasyBaTes 3a ClieieHe Ha TOYKaTa Ha MaKCHMaJHaTa MOLIHOCT Ha TypOuHaTa
U yIIpaBJIeHUEe ChC CIeIeHe Ha TOUKa HA OrPaHMYeHA MOLIHOCT MPH U3MOJI3BAHE CAMO Ha OMpeneieH
NPOLIEHT OT HAJIWYHATAa €Heprus Ha BsATbpa. Pa3paboTeH e Mozen Ha KOHTpOJEp 3a CleaeHe Ha
MakcumaHata mMomqHocT (CTMM) o MeTona ,,cMyLIeHHe-HaOM0IeHHEe M KOHTPOJIEP 3a ClIeACHe
Ha TOYKA Ha OrpaHu4eHa MOLIHOCT. [IpencTaBeHHu ca pe3ynTaTd OT CUMYyJALUH C pa3paboTeHus
MO TIPH Pa3jIn4yHHU YCIOBHsI Ha padoTa ¢ IPOMEHJIHBA CKOPOCT Ha BIThpa. Pesynrarure nokassat
paboTOCIOCOOHOCTTA U MPABUIIHOTO MOBEIEHHE HA KOHTPOJIEPUTE U B [BaTa pexiMa Ha paboTa —
csc CTMM wu mpu paborta ¢ OrpaHH4e€Ha MOIMHOCT. METOOBT € MPWIOKUM IpH padoTa Ha
BETPOreHEPATOPUTE MPU HAJTUYHE HAa CBPBXIIPOU3BOACTBO HA EIEKTPOSHEPIHS.

I'3. Lazarov, V., D. Roye, D. Spirov, Z. Zarkov. Study of control strategies for variable speed
wind turbine under limited power conditions. Proceedings of 14th International Power
Electronics and Motion Control Conference EPE-PEMC 2010, 6-8 September 2010,
Ohrid, Macedonia, pp. T12-125-T12-130. doi: 10.1109/EPEPEMC.2010.5606574.

B crarusTa e mpeacTtaBeHO M3ClieNBaHE Ha BETPOEHEpruiiHa mpeoOpasyBaTesiHa CHCTEMa
(BEIIC), cucrosiima ce OT: BsTbpHA TypOWHA C MPOMEHJIMBA CKOPOCT, CHHXPOHEH T'€HepaTop ¢
MOCTOSIHHU MAarHuTH, auomaeH wusnpasuten, nosumasaim DC/DC mpeoOpasyBaren U TOBap.
HeduHupaHo e ympaBjieHHEe Ha €JeKTPOHHHS MpeoOpasyBaren 3a paboTa ¢ MOCTOSHHA M3XOIHA
MOIITHOCT MTPY IPOMEHJIMBA CKOPOCT Ha BIThpa. PazpaboTeH e Mozien Ha KOHTPOJIEP Ha MOITHOCTTA
3a cieneHe Ha MakcumanHata MomHocT (CTMM) u xoHTpoJiep 3a paboTa ¢ MOCTOSHHA MOIIHOCT
Ha ocHOBata Ha pasmura yoruka (Fuzzy logic). IlpencraBenu ca pesynratd OT CHUMyJAIMH C
paspaboTeHuss Moaen mpu paboTa ¢ MPOMEHJMBAa CKOPOCT Ha BsTbpa. Pe3ynrarure mokasBaT
paboTOCOCOOHOCTTA U PABUITHOTO MOBEJICHUE Ha CHCTEMATa U B IBaTa PeknMa Ha padbota — Che
CTMM wu npu paboTa ¢ TOCTOSHHA MOINHOCT. METOmBT € NPWIOXKHM MpH pabota Ha
BETPOrE€HEPATOPUTE TPH HAJMUYHE Ha CBPBXIPOU3BOICTBO HA €IEKTPOECHEPTHS.

I'4. Lazarov, V., Z. Zarkov, L. Stoyanov, G. Notton. Wind turbine with doubly fed induction
generator operating at limited power point. 2012 15th International Power Electronics and
Motion Control Conference (EPE/PEMC), Novi Sad, Serbia, 2012, pp. DS2d.2-1-DS2d 2-
7. doi: 10.1109/EPEPEMC.2012.6397304

B crarusita e npencraseno uscnensane Ha BEIIC, cbeTosima ce oT BAThpHA TypOHHA C
NPOMEHJIBA CKOPOCT W ABOWHO 3axpaHeH acuHxpoHeH reHeparop (HA3AI) c enextpoHHH
npeoOpasyBaTenu B pOTOpHaTa Bepura. PazpadoreH e cuMyaliioHeH MOZIeN Ha Is1aTa CHCTEMA B
cpenata Matlab/Simulink. M3nonsBano e ympasnenne Ha JI3AI 3a cieneHe Ha TOdYKaTta Ha
MaKCHUMajiHaTa MOIIHOCT Ha TypOWHATa W yIpPaBJICHUE ChC CJIEEHE Ha TOYKAa Ha OrpaHHYeHa
MOIIHOCT IpPH H3MOJ3BaHE CaMO Ha OMNpeAesieH MPOLEHT OT HajJUYHaTa €Heprusi Ha BATHpA.
Paspaborenu ca Mojenu Ha: KOHTPOJIEP Ha MOIIHOCTTA 32 ClIeZIeHe HA MaKCUMAaJIHATa MOIHOCT U
Ha KOHTpOJIEp 3a CJieleHe Ha TOUKa Ha OrpaHHYeHa MOLIHOCT C M3IOJI3BaHE Ha NPEBAPUTENHO
nepuHUpaHN KpPMBM Ha MOINHOCTTa Ha BeTporeHeparopa. IlpencraBeHn ca pesyaTraTtd OT
CHUMYyJIALIMU TIPU PA3JIMYHU YCIOBUS Ha paboTa ¢ MPOMEHJIMBA CKOPOCT Ha BsATbpa. Pesynrarure
NoKa3BaT paboTOCIOCOOHOCTTA U MPABUIIHOTO MOBEACHNE HA KOHTPOJIEPUTE M B IBATA PEXKUMA Ha
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pabota — ¢ MPPT u npu paborta ¢ orpaHudeHa MOLTHOCT. MeTOIbT € MPHUJIOKUM Npu paboTa Ha
BETPOrE€HEPATOPUTE TPH HAJMUYHE Ha CBPBXIPOU3BOICTBO HA €IEKTPOECHEPTHS.

I'S. Stoyanov, L., Z. Zarkov, V. Lazarov, 1. Bachev, B. Demirkov, G. Notton, A. Damian.
Hybrid System Sizing using per unit Approach - Application to Bulgaria, France and
Romania. 2018 20th International Symposium on Electrical Apparatus and Technologies
(SIELA), Bourgas, 2018, doi: 10.1109/SIELA .2018.8447072

CrarmsAta mpencTaBsl MPUJIAraHETO Ha TMOOXOA 3a Opa3MepsiBaHE Ha CBBbpP3aHa KbM
eJIEKTpHYecKaTa Mpeka XuOpuaHa cucrtemMa ¢ (POTOBOJNITAMYHU U BATHPHU I'€HEPATOPH 32 PA3IHMIHH
obekTH, pasnonioskenu B bunrapus, @panuus u Pymbaus. [logxoabT € OCHOBaH HA U3TOI3BAHETO
Ha OTHOCUTENIHH €IMHHUIM 3a T'eHepHpaHaTa MOIMHOCT M MPOU3BEIEHATa C€HEeprusi. 3a BXOIHH
BEJINYMHU CE€ M3IOJI3BAT JAHHU 332 METEOPOJIOTHUHHUTE YCIIOBHS HAa NAACHOTO MSICTO. 3a BCsKa
CTpaHa Ce M3MOJ3Ba Creru(puIeH TOBapOB rpaduk, KOHUTO B3eMa MPEnBHI OCOOCHOCTUTE Ha
crpaHuTe. ['ONMITHUAT eHeprueH OajaHC ce HW3ION3Ba KATO KPUTEPUH 3a OmpeneisiHe Ha
KOH(pHrypanusaTa Ha XuOpuaHaTa cUcTeMa. Pe3ynTatuTe mokas3Bar, e 3a pasriiekIaHUTe OOEKTH B
bearapus u @paHuus € BB3MOXKHO Oa ce€ cb3hane OaraHchpaHa XuOpHIHA CHCTEMAa C
(OTOBONTANYHM U BATHPHH FE€HEPATOPH, TOKATO 32 M30PAHOTO MICTO B PyMBHHS € HEBB3MOXKHO C
T€3W KOMOWHALMU OT TeHepaTOpH M TOBAPH MOPaId HEAOCTAThYHHUS ITbPBHYEH €HEPrUeH
NOTEHIINAT.

I'6. Zarkov, Z., V. Lazarov, P. Rizov, L. Stoyanov, E. Popov. An approach for modeling the
electronic converter-motor system for electric vehicles. 2019 16th Conference on Electrical
Machines, Drives and Power Systems, ELMA 2019, 6-8 June 2019, Varna, Bulgaria,
doi:10.1109/ELMA 2019.8771484

Tasu crarus npencrassi KOMIUIEKCEH ITOIXO] 32 MOAEIUPAaHE U CUMYJIALUSI Ha 3aIBIKBAILA
cUCTeMa, BKJIIOYBAINA MHBEPTOP M CHHXPOHEH IBuUraren ¢ noctosHHu marHutu (CHIIM) 3a
NPUIOKEHNE B EJIEKTPUYECKU IPEeBO3HU CpeAcTBa. JIBUraTensT € aHaJu3upaH C MeToAa Ha
kpaitnute enementn (FEM) upes nBymepen mopen. Ilapamerpute Ha aBuratens (CHHXPOHHH
UHIYKTUBHOCTH U MOTOK Ha TIOCTOSIHHUTE MAarHUTH) Ca ONpeneieHn Ha 0a3ata Ha pe3yJTaTHTe OT
anammza ¢ FEM. 3a m3yuaBaHe Ha ISUIOCTHATa 3a/BIDKBAINA CHCTEMa € pa3paboTeH ISUIOCTeH
cumynaioneH mojaen B Matlab/Simulink, koliTo BKIIOUBa W mMOAcCHCTEMAaTa 3a yIpPaBJICHUE Ha
npeoOpaszyBaTesisi U Ha BbPTSIIIUS MOMEHT M CKOPOCTTa Ha ABUraTessl. PeanusupaHo e ynpasieHue
Ha JBUTATENsl MOCPEICTBOM ENIEKTPOHHHS Mpeodpa3yBarenl ¢ MakCHMajeH MOMEHT 3a amIiep
(MTPA) B mbpBa 30Ha 10 6a30BaTa CKOPOCT U C MAKCUMAJIEH MOMEHT IPH KOHCTAHTHO HAITPEIKEHHUE
U KOHCTAHTEH TOK BBB BTOpa 30Ha. [locpencTBOM cUMyaliuy ca U3YUCIIEHH XapaKTEPUCTHKHUTE Ha
aBuraTenss B 1Ba pexkuMa Ha pabora - karo CHAIIM (cbC CHHYCOMITAJIHHM TOKOBE) M KaTo
Oe3koHTakTeH aBuraren 3a nocrostHeH Tok (BJIIT) (¢ mpaBOBIBIHM TOKOBE) M Ca HAIpaBEeHH
cpaBHeHHs. PesynraTure BOAST 10 3aKJIIOYEHHUETO, Y€ U3MONI3BaHETO Ha asuratens kato CAIIM e
no-100pusaT n300p TMOpagd MO-BHCOKHS BBPTSII MOMEHT, IMO-LUIMPOKHS IUAIa30H HAa BHUCOKH
CKOPOCTH M MHOT'O TIO-HUCKHUTE MYJICALIUN HA BBPTALINA MOMEHT.

I'7. Stoyanov, L., V. Lazarov, Z. Zarkov, E. Popov. Influence of skin effect on stator windings
resistance of AC machines for electric drives. 2019 16th Conference on Electrical
Machines, Drives and Power Systems, ELMA 2019, 6-8 June 2019, Varna, Bulgaria,
doi:10.1109/ELMA.2019.8771551



JIOKIambT MpeacTaBst U3CIeBaHe Ha BIUSHUETO Ha CKUH-€(DEeKTa BbPXY ChIIPOTHUBJICHUETO
Ha HAMOTKaTa Ha CTaTopa B MPOMEHINBOTOKOBUTE MALIMHH, MPEJHA3HAUEHU 32 €JEeKTPUUECKU
aBToMOOWIM. M3cnenBaHeTo MMa 3a LeJ 1a C€ OLEHH TEOPETUYHO BIMSHUETO Ha KOHCTPYKIHUSATA
Ha MallHATa BbPXY KOe(QHLIHEHTa Ha TIOJIETO, KOHTO BIIHsIe BbPXY aKTHBHOTO CHIIPOTHBJICHUE HA
HaMoTKaTa. HampaBeH e mperien U cpaBHEHHE Ha METOIUTE 32 U3UMCIISIBAaHE Ha KOe(pHIMEeHTa Ha
nojero u € u3dpaH moaxonsam meton. M3cienBaHO € BIUSIHMETO HA PA3JIMYHU NapaMeTpu Ha
HAMOTKaTa M YeCTOTaTa Ha TOKAa B Hed BBPXY KoepHUIMEeHTa Ha mojero. Pesynrature OT
U3CJIEABAHETO ITOKA3BAT, Y€ € HEOOXOANMO J1a Ce HAMEPH KOMIIPOMHIC MEXIY HUCKUTE CTOHHOCTH
Ha Koe(pUIMEeHTa Ha MOJIETO M MajIKaTa BUCOYMHA Ha eJIEMEHTApHUTE POBOAHULIN. BinsiHuero Ha
LINPKYJIALHOHHUTE TOKOBE CE OLICHsBA C MOMOIITAa HA OpUTHHAIHATA (POpMyJia U XUIIOTE3aTa Ha
aBTOPUTE 32 OTUUTAHE Ha BJIUSHUETO HA 4YECTOTa BBPXY LIUPKYJIAllMOHHUTE TOKOBe. PesynraTure
NOKa3BaT HAKOM HACOKH 3a [U3aliHa HAa HAMOTKHUTE Ha €JIEKTPHIECKUTE MAIIWHU 32 aBTOMOOHITH U
Ce HY KZasAT OT eKCIIEPUMEHTAIHA ITPOBEPKA, KOATO Ie Ob/ie 00EKT Ha TOITBIHUTEHH ITPOY YBAHHS.

I'8.Lazarov, V., Z. Zarkov, 1. Bachev. Determination of the synchronous inductances of a claw
pole alternator. 2019 16th Conference on Electrical Machines, Drives and Power Systems,
ELMA 2019, 6-8 June 2019, Varna, Bulgaria, doi:10.1109/ELMA 2019.8771543

CraTusiTa € IOCBETEHA Ha ONpEAEIIHETO Ha CHHXPOHHUTE UHAYKTUBHOCTU Ha FeHepaTopu
C HOKTOOOPA3HU IOJIIOCH. 3a LieNTa ca W3MOJI3BaHU pasaumdHu MeTtonu: 3D aHanms ¢ meroma Ha
kpaitHute enemMentd (FEM), aHaIWTHYHO OmnpenessiHe Ha MHAYKTUBHOCTUTE C HM3MOJ3BaHE Ha
€KBHMBAJICHTHA MAarHUTHA BEPHUra, E€KCIEPHMEHTAJIHO M3ciaeaBaHe. M3cnensaneTo € HanpaBeHo 3a
IBa BHJA MAIIMHU. QITEPHATOP C HOKTOOOpAasHH IONIOCH C BB3OyIWUTEIHa HAMOTKAa U
MoAu(ULNPAH alTepHATOP C HOKTOOOpa3HW MOMIOCH C peako3eMHH MarHutu. Ilpemnoxeno e
$U3NUECKO M aHATUTUYHO OOSCHEHHE Ha PA3JIMKUTE HA CHUHXPOHHUTE MHAYKTHBHOCTH B IBAaTa
uscnensany remeparopa. CpaBHEHUETO MeXIy H3YUCICHUTE M €KCIEPUMEHTAJHO IOJy4YeHUTe
CTOMHOCTH MOKa3Ba, Y€ BCUUKHU M3MOJ3BaHU METOAU aBaT CpaBHUMU pe3yaTtaTtu. IlokasaHo e, ue
CTOHHOCTHTE Ha CHHXPOHHUTE MHAYKTUBHOCTH, MOJYYEHH OT PA3JIMYHUTE TECTOBE, Ca OJIM3KH,
KaTo pasznukure He HaasuiuasaT 15%. ToBa goka3Ba MpaBUIIHOCTTA HA U3IOJI3BAHUTE TEOPETUUHU
MOJAXOAH U Ha MOJIyYEHUTE PE3yJITaTH.

I'8. Hayynu nyOjaukauuu B HepedepupaHu cniMcaHUsl C HAYYHO peLieH3UpaHe Wi B
PEeAAKTHPAHU KOJEKTHBHU TPyAOBe

I'9. Lazarov,V., Z. Zarkov, H. Kanchev. Grid-connected single-phase inverter for renewable
energy sources. Proceedings of the Technical University — Sofia, vol. 59, book 2, 2009,
pp. 122-130. ISSN 1311-0829

CratmsATa € TMOCBETEHAa Ha H3CIEIBAHETO Ha enHO(a3eH HMHBEPTOp, NpEAHA3HAYEH 3a
cBbp3BaHe Ha reHeparopu, m3nomBamu BUE, ¢ enextpuueckara mpexa. OOocHOBaHH ca
NPUHLUNNATE HA OOMEHa Ha €HEPTUs MEXXIy HHBEPTOPA M MPEXKaTa U 3a ChIJIACYBaHE HA BXOASINATA
U U3XOAsIIaTa MOIIHOCT C LIeJ MOAbpPKaHe Ha eHEepruitHus OanaHc Ha cucremara. PaspaboTeH e
KOMIIIOTHPEH MOACI Ha HUHBEPTOpPA, KOUTO MO3BOJISIBA pa60Ta npu MnpoMsiHaA Ha BXOAdIIlaTa
MOIITHOCT 4pe3 MPOMsIHA Ha W3XOAHMS TOK Ha MHBEPTOpa. MOIENBT BKJIIOYBA CHIJIOBATA YACT Ha
uHBEpTOpa, ympasisBaHa ¢ IIIMM, peryinatop Ha IMOCTOSIHHOTO HAaNpeKEHHE Ha BXOla Ha
UHBEPTOPA, PETyJIaTOP Ha U3XOIHUS TOK, MOAYJI 32 CHHXPOHU3HUPaHe C Mpexkarta Ha Oa3zata Ha PLL.
IIpencraBenu ca pe3ynTaTu OT CUMYJalMUTE, KOUTO JEMOHCTPHUPAT a/leKBaTHOCTTAa HA MOJena U
Herosara pabOTOCTIOCOOHOCT MPU MPOMsIHA Ha BXOZSIIATa MOIIHOCT. PazpaboreHa e mporpama 3a
pabora B peanHo Bpeme 3a MukpomnporecopHa cucrema dSPACE, ¢ kosto ca mpoBeneHH
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CKCIICPUMCHTAJIHU HU3CJICABAHMA. PGSYJ'ITaTI/ITe OT CUMYJIALIUHUTE WU CKCINCPUMCHTHUTC AOKa3BarT
¢dusnueckarta ageKBaTHOCT HAa MOZAENAa U II03BOJIIBAT HETOBOTO M3IION3BAHE KAaTO €JIEMEHT B
CHUCTEMH 3a MPOU3BOACTBO Ha enekTpoeHeprust or BUE.

I'10. Frangois, B., V. Lazarov, G. Notton, L. Stoyanov, Z. Zarkov, H. Kanchev. Energy flows
management of a hybrid system with renewable energy generators. Proceedings of the
Technical University — Sofia, vol. 59, book 2, 2009, pp. 112-121. ISSN 1311-0829

B crarusTa e mpencraBeH o030p Ha MPOOJIEMUTE NMPU OCUTYPSIBAHETO HA HEMPEKbCHATO
3axpaHBaHE HAa aBTOHOMHA CHCTEMa, BKJIFOYBAINA Bb30OHOBseMH M3TOUHUIM Ha eHeprus (BUE).
[IpencTaBeHu ca TEXHOJIOTHH, KOUTO MOTAT Aa OBbIAT U3IOA3BAHHU 332 KOMIIEHCHPaHe PiyKTyanmuTe
Ha eHeprusiTa, npoussenena or BUE. Mmaliku npeasua HENOCTOSHHUS XapakTep HA MOLIHOCTTA
ot BUE, ca pasrnenann pa3inyHUTE CTPATETHUH 32 YIPABJICHNE HA TEHEPATOPHUTE U yCTPONCTBATA
3a aKyMyJIMIpaHe Ha €HePTys B €1HAa aBTOHOMHA CHCTEMa. YTIPABJICHUETO Ha €HEPTHIHNUTE IMTOTOLU
B enHa XUOpHUIHA €HEepPruiiHa CHUCTEeMa, CIIOpea peknMa Ha paboTa M cropen HaJIUYHOCTTa Ha
IbPBUYHHUTE PECYPCH, M3UCKBA pa3pelIaBaHETO HA CJIOJKHHU 33/1a4H 32 ONTHUMH3ALUS M TEXHUKO-
UKOHOMHYECKH aHanu3. [IpencTaBeHHn ca ONMUTHH PE3yJTaTH, KOUTO ITOKA3BaT, Y€ C MPABHIIHO
U3YHCIICHU MOIIHOCTY Ha T€HEPATOPUTE U CEJIEKTUBHO M3KIIFOYBAHE HAa HSIKOHM TOBAPH, KOTaTO TOBA
€ Bb3MOXKHO M HEOOXOAMMO, MOXKEe J1a ce MOCTUTrHe cTabuiaHa paboTa Ha XUOpHIHATA CUCTEMA.
BaskeH acrniekT, KOHTO M3UCKBA AOMBIHUTEIHN U3CICABAHMS, € Bb3MOXXHOCTTA 32 IIPEMHUHABAHE OT
AaBTOHOMEH PEXXHMM B PEKUM Ha CBbP3aHOCT K'bM MpPEJKaTa.

I'l1. Lazarov, V., L. Stoyanov, K. Bundeva, Z. Zarkov, D. Spirov. Modeling and simulation of
squirrel cage induction generator. Proceedings of the Technical University — Sofia, vol. 59,
book 2, 2009, pp. 84-93. ISSN 1311-0829

Crartusita ipencTaBs peajr3upaHeTo Ha MOJET Ha MHIYKIMOHHA (ACUHXPOHHA) MaIlliHA C
HAKBCO CHEOUHEH pOTOp B cpemata Ha Matlab/Simulink. TlpencraBeH e MoaebT Ha MalTUHATA
criopen oboOmieHaTa Teopusi Ha eneKkTpudeckure MamuHu. OT JOBeTe CUCTEMH YpaBHEHWUS,
Moacaupalmu CICKTPOMArHUTHUTE TMPOLECH B HWHAYKIOMOHHA MaAlllWMHA, € HU3BCACH MOJACI B
NPOCTPAHCTBO HA CbCTOAHUATA C TOKOBEC KaTO MPOMCHJIMBU Ha CbCTOAHUCTO. KvMm Tazu cucrema ce
I[O6aB$I YPABHCHUETO 3a ABMXKCHUE, KOCTO IpaBU MOJACIA HA MHAYKIMOHHATA MalllMHa ¢ HAKBCO
CbEMHEH POTOp MbJIeH. 3a MPOBepKa Ha MOJea Ca M3MOJI3BaHH JAHHU OT MAIlWHA C MOILIHOCT
1,5kW. IlpoBeneHu ca pa3nuyHU CUMyJIAlIMH, KOUTO TOKAa3BaT MpaBUIIHATA U cTabuiHa padoTa Ha
monesna. CUMyJIMpaHH ca CIEAHUTE CLIEHAPUH: MOJy4YaBaHe HA MEXaHHMYHA XapaKTePUCTHKA, Psi3Ka
NPOMsIHA Ha pekrMa Ha paboTa (OT ABUraTelN B FeHEpaTop), CTHIIAJIOBHIHA U TIOCTETIEHHA IPOMSIHA
Ha BXOOAIUA MCXaHUYEH MOMCECHT, KaKTO U CUMYJHPAHE Ha 3aABUKBAHEC OT BATBHPHA Typ6I/IHa.
HpeHCTaBeHI/I ca CpaBHCHUA Ha pa3jiniuHu BCJIMYHHU, MOJIy4YCHHU CUMYJIALIUOHHO n
CKCIICPUMEHTAJHO OT ABC CKCIICPUMCHTAJIHU IMOCTAHOBKU. HpeI[BI/II[ HalpaBCHUTE JOIY CKaHUA B
MOJesia, CPaBHEHHETO MOKa3Ba 3a10BOJIUTENIHA TOYHOCT.

I'12. Lazarov,V., L. Stoyanov, K. Bundeva, Z. Zarkov, D. Spirov. Modeling and simulation of
wound rotor induction generator. Proceedings of the Technical University — Sofia, vol. 59,
book 2, 2009, pp. 94-102. ISSN 1311-0829

Crartusita mpencTaBs MOACMPAHETO HA MHIYKIIMOHHA MAllliHA ¢ HABUT poTop. Pasriexna
Ce cXeMa ChC CBBhP3aHHU aKTUBHU CHIIPOTHBIICHUS B POTOpHATa Bepura Ha MammuHaTa. [Ipeacrasen
€ KJIACHYECKUAT eJEeKTPOMArHUTEH MOJAEN Ha MaliuHata cropen obolmieHara Teopusi Ha
enekTpudyeckuTe MamuHU. OT HEro € MoJy4YeH MOJAEN B CHHXPOHHO BBPTSINA C€ KOOpPAWHATHA
CUCTEeMa B IIPOCTPAHCTBO HA CHCTOSIHHUSITA C TOKOBE KAaTO MPOMEHIIMBU HA CHCTOSSHUETO. KbM Tasm
cucreMa ¢ 100aBEHO M YPaBHEHHETO Ha ABIKEHHETO. IIBJHUAT Momen e peanusupad B cpena
Matlab/Simulink, kato ca U3nMoN3BaHKU JaHHKW OT Majika MHAYKIMOHHA MamuHa. [IpencraBenn ca
IBE CUMYJIALlMKM, MMOTBbPIKAABAIIY MMPABUIHATA U CTaOWIHA paboTa Ha MOJeNa — CThIAJIOBUAHA
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NPOMsIHA Ha BXOOHHMA MEXaHHYEH MOMEHT U CHUMyJiupaHe Ha paboTa ¢ BITbpHa TypOuWHA.
HanpaseHo e cpaBHEHHE HA CTATOPHU U POTOPHU BEJIMYUHU OT CUMYJIALIUU U OT €KCIIEPUMEHTH Ha
IIBE€ €KCIIEPUMEHTAJIHU IOCTAHOBKH C PA3JIMYHUA MAIIUHU — ¢ MOITHOCT 1,5 kW u 6 kW. ITonyuena
€ 3aJ0BOJIUTEJIHA TOYHOCT HA CBBMNAJCHHETO MEXIy TEOPETUYHHUTE U EKCIEePUMEHTATHUTE
pesyJITaTH.

I'13. Lazarov, V., D. Spirov, Z. Zarkov, L. Stoyanov. Modeling and simulation of synchronous
generator. Proceedings of the Technical University — Sofia, vol. 59, book 2, 2009, pp. 103-
111. ISSN 1311-0829

CraTusTa mpeacTasst MOAESIMPAHETO HA CHHXPOHEH reHeparop B cpeaara Matlab/Simulink.
Onucan e mpuHUUIBT 3a npeoOpa3dyBaHe Ha TpudasHaTa peaslHa CHHXPOHHA MAIlMHA BbHB
¢ukTuBHa nBydasHa. [IpencraBeHu ca cbOTBETHUTE ypaBHeHMs Ha Mmonena. Ha Oasarta Ha Te3m
ypaBHEHHsI € MOJy4YeH MPOrPaMHMAT MOZAEN B MPOCTPAHCTBOTO HA CBhCTOsIHUATA. U3MOn3BaHM ca
MOTOKOCLETUICHHUSATA B MAIIMHATA KaTO IPOMEHJIMBU HA CbCTOSHUETO. [IbIHUAT MOZEN € monyyeH
c no0aBsHETO HA YPaBHEHHETO 3a [BIDKEHHE. 3a BepupuKanuaTa Ha MOJEN Ca IPOBEAECHU
CHMYyJIALIMH C JAHHU 32 CHHXPOHEH I'€HEPaTop € eJIEKTPOMArHUTHO Bb30y Kaane ¢ MOIHOCT 1,5kW.
[IpencTaBeHu ca CUMYJIALIMOHHH PE3YJITaTH C PsA3Ka MPOMSIHA HA BXOISIINS MEXaHHYEH MOMEHT U
C TPOMsIHA, WUMUTHpAIla BXOISI] MOMEHT OT BIThbpHa TypOuwHa. Pesynrarure oTroBapsr Ha
TEOPETHIHUTE OYAKBAHMSI.

I'14. Lazarov, V., G. Notton, L. Stoyanov, Z. Zarkov. Modeling of doubly fed induction
generator with rotor-side converter for wind energy conversion application. Proceedings
of the Technical University — Sofia, vol. 60, book 1, 2010, pp. 289-298. ISSN 1311-0829

CratusiTa mpencraBs MOAENMPAHETO HA ABOMHO 3aXpPaHEH HWHIYKIIMOHEH TE€HEpaTop ¢
eJIEKTPOHEH Npeodpa3yBares OT CTpaHaTa Ha poTopa. OmnucaHu ca pabOTHUTE PEXKUMH HA MTbJIHATA
KOH(QUIypalMs C eJeKTpOHeH mpeoOpasyBarel B pOTOpHAaTa Bepura, CBbpP3aH KbM
MPOMEHJIMBOTOKOBA €JIEKTPHYECKA Mpeka U €HePTUIHUTE MOTOIM, KOUTO ce oOMensT. Pasrienan
€ 4YacTeH ciy4ail, B KOHTO mpeoOpasyBaTessiT OTKbM MpekKara € 3aMEeHEH C MOCTOSIHHOTOKOBA
Mperka, KOeTO He HapyliaBa paborata Ha mamnHata. UHAyKIMOHHATA MAalIMHA C HABUT POTOP €
MOZIENUPaHa Ype3 CUCTEMA YPABHEHHSI ¢ MOTOKOCIIEIJIEHUATA KATO MPOMEHIIUBH Ha CbCTOSIHUSITA.
MozenbT Ha eNeKTPOHHUs mpeodpasyBaTes € pealu3upaH MpPH JOMYCKAHETO, Ye eJEKTPOHHUTE
€IEMEeHTH B Hero ca uaeanHu kiovose. OmucaHa e paboTata Ha cucTemara 3a yIpaBlieHUE Ha
eNIEKTPOHHUS MpeoOpasyBare, KOATO OCUTYpsiBa CMA3BaHETO HAa JAACHO 3aJaHue 33 CTaTOpHaTa
MOIITHOCT Ha reHepaTopa. [IpeacraBeHH ca pe3yaTaTd OT CHMYJAIMH TPU CTHIIAJOBUIHU
HU3MCHCHUA Ha 3aJaHUATA 3a CTATOPHUATA AKTHBHA U PEAKTHUBHA MOIIHOCT. HUs ABaTa CJjiydas C€
HaOmonaBa Obp3a peakilus Ha CUCTeMaTa 3a yIpaBlieHue, OiaroJjapeHne Ha KOeTO MOXKE Ja Ce
OIICHHU TMPABIJIHATA U CTA0WIIHA padoTa HA peaTu3upaHusi MOAEII.

I'l5. Lazarov, V., B. Francois, H. Kanchev, Z. Zarkov, L. Stoyanov. Applications of
supercapacitors in hybrid systems. Proceedings of the Technical University — Sofia, vol.
60, book 1, 2010, pp. 299-310. ISSN 1311-0829

B crarusiTa ca onucaHW NPWIOKEHUSITA HA CYNMEPKOHIEH3aTOPH B XHUOPUIHH CHCTEMH C
BBH30OHOBSEMHU U3TOUHHUIIN Ha €HEPTHUs, KAKTO U B JPYTH YCTPONUCTBA 32 ChXPAaHEHHE HA CHEPTHsL.
CynepkoHIeH3aTOpUTE ca TMOAXOIAILIM 3a KOMIICHCHPaHe Ha KoyeOaHusATa B MOIIHOCTTa Ha
BBH30OHOBEMUTE M3TOUHHUIN HA €HEPTHUS, IBJDKALIN CE Ha HETIOCTOSTHHUSI XapakTep Ha MbPBUYHHS
pecypc. Pasrienanu ca pa3nmuyuHU CTPYKTYPH Ha XUOPUAHU FeHEPATOPH, ChCTOSIIN CE OT Pa3IMIHH
BBH300OHOBSEMHU U3TOYHHLIM Ha EHEPTHSL, €JEKTPOHHH ITpeodpa3yBaTeiy U Cy MePKOHIEH3aTOPH.
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I'16. Lazarov, V., D. Roye, D. Spirov, Z. Zarkov. Output power control for variable speed wind
generators. Proceedings of the Technical University — Sofia, vol. 60, book 1, 2010, pp.
311-320. ISSN 1311-0829

B cratusita ce wmscnenBa paboraTa Ha BETpOeHEepruiiHa mpeoOpasyBaTesHA CHCTEMA
(BEIIC), cbcTosiima ce OT: CHHXPOHEH I'€HepaTop C MOCTOSIHHA MAarHUTH, THUONEH HU3MPaBHUTEI,
MOBHUIIIABAI TOCTOSSHHOTOKOB TMpeoOpasysaren u ToBap. M3mon3BaHe € HOBa CTparerus 3a
yIOpaBJlIeHWE, OCHOBAHA Ha AJITOPUTMHUTE 3a CJICICHE HAa TOYKATa HA MAKCHMAJHA MOIIHOCT
(CTMM) na TypOuHaTa u cieneHe Ha Touka Ha orpanndena mMomHocT (CTOM) na TypOuHaTa,
KOSITO € MO-MaJIka OT MaKCUMAaJTHaTa Bb3MOXKHA. YTIPABJICHUETO € PEATM3UPAHO Upe3 perynpaHe
Ha BXOJSINMSA TOK HAa MOCTOSTHHOTOKOBHS MpeoOpasyBaTel, KaTo CUCTeMaTa 3a yIpaBJleHHE Ha
MOII[HOCTTAa 3aJaBa Ha perynmpainus Ojok pedepeHTHara cToiHOCT Ha Toka. Pa3paboreHu ca
peryJyaTopy Ha MOLTHOCTTa ¢ pa3mura joruka (Fuzzy logic), konTo naBat MHOTO 100pHU pe3ynTaTH
NpU yIIPABJICHUETO HA HEJIMHEHHU cucteMu. PaboTtaTta Ha MOAENIHTE U CHCTEMHTE 3a YIIPaBJICHUE
Ha BEIIC e cumynupaHa npu NpOMEHJINBAa CKOPOCT Ha BsTbpa. Pe3ynrature noka3Bat
HaJIeKTHOCTTa U €()EeKTUBHOCTTA HA HOBATa CTPATETHS 3a YIPABJICHHE HA M3XOIAIIATAa MOIIHOCT
Ha BEIIC.

I'l7. Jlazapos, B., 3. 3apkos, [I. Cnupos. MonenupaHe Ha akTUBEH W3MpaBUTEN 3a
BETPOCHEPTUIiHA CHUCTeMa CbC CHHXpPOHEH reHeparop. logummuuk Ha TexHmueckus
yHusepcureT - Codusi, Tom 60, kaura 1, 2010, crp. 321-331. ISSN 1311-0829

Cw3naneH e KOMITIOTbPeH Mozen B cpena Matlab/Simulink Ha akTuBeH TpudaszeH TpaH3uc-
TopeH Tokousmnpasuren ¢ 1M, paboren cbBMECTHO CbC CUHXPOHEH I'€HEPATop, MpeaHa3HAuEH
3a paboTa BBB BEPTPOr€HEPATOP C MPOMEHIINBA CKOPOCT Ha BbpPTeHE. MOJEIBT BKIFOYBA MOAEIH
Ha TeHepaTopa M aKTUBHHS M3MPABUTEN, 3a€HO C PEryJaTOpUTe Ha TOKA U HA MOCTOSITHHOTO Hal-
peKeHHe Ha M3XO/a Ha M3MpaBuTeNs. PeryiatopsT Ha TOKa Ha reHepaTopa padbotu B dq Koopau-
HATHA CUCTEMa C OTJIEJIHO PeryJIMpaHe Ha aKTHBHATA U PEaKTHBHATA ChCTABKA Ha TOKa. M30panusT
METOJl Ha OPUEHTHpaHe Ha KOOPAMHATHATA CHCTEMA € 110 HanpeXkeHHneTo Ha rereparopa (Voltage
Oriented Control). CxemaTa 3a CHHXpOHHU3AIUs H3TIOI3Ba (ha3oBO-3aKr0oYeHa cucrema — PLL. Pasz-
paboTeHUTE peryaTopu Ha HAPEKEHUETO U HAa TOKOBETE CJIEAT NOCTATBYHO TOYHO 3aJaHUATA
NpU M3MEHEHHUE Ha CKOPOCTTa Ha I'eHepaTopa U MpHu U3MEHeHHe Ha ToBapa. PerynaropsT Ha mocro-
STHHOTO HANpeKeHHUE OCUTYPsiBa MPABUJICH OalaHC MEXIy MOIIHOCTHTE Ha F€HepaTopa U TOBapa.
Perynaropute Ha TOKa oOcHMrypsiBaT CHHycoupajiHa (opma Ha TOKa, a (QUITBPBT MOTHUCKA
BHUCOKOYECTOTHHUTE IyJICALIUM U Taka Ce OCUTypsiBa paboTa Ha CHHXPOHHATA MAllMHA NPU HaH-
nobpu ycnosus. PaspaboTeHusAT Mojen Mo3BOJSIBA [a CE€ PEryyiupa M PeakTHBHATA MOIIHOCT,
oOMeHsIHa C TeHepaTopa, ako ToBa € Heobxonumo. [Tokazanu ca pe3ynraTi OT CUMYyJIaLMH C pas3pa-
O0TeHHsT MOJIeJ IPU IPOMEHJIMBA CKOPOCT Ha BbPTEHE HA FeHepaTopa M MpH MPOMsIHA Ha TOBapa.

I'18. Jlaszapos B., 3. 3apkos, JI. CtosiHoB, [I. Crimpos. PaboTa npu MakcuMajgHa MOIIHOCT Ha
ACMHXPOHHA MAIlMHA ¢ HABUT POTOp 3a BATBHPEH reHeparop. [ogumuuk Ha TexHU4YeCKH
yHusepcuret - Codus, T. 61, k1. 2, 2011, cTp. 133-142. ISSN 1311-0829

CraTtusata mpencTaBsi MOAETUPAHETO HA BETPOCHEpruiiHa mnpeobpasyBaTelHa CHCTEMA C
IBOWHO 3aXpPaHEH aCHHXPOHEH I'€HEpaTop M yNPaBJSIBAINM CHCTEMH, OCHTYpPsBAIU padoTa MpH
MaKCHUMaJiHa MOIMHOCT. KbM Moziena Ha ABOWHO 3aXpaHeH WHAYKLHNOHEH IeHepaTop C eIEKTPOHEH
npeoOpaszyBaTes OTKbM POTOpa OT peAniTHa myonukays [ 14] ca nobaBeHN MOAETUTE HA BIThPHA
TypOMHA 1 MEXIUHEH MMOCTOSTHHOTOKOB KOHTYp, (opMupaiiku rmo To3u HaunH mozen Ha BEIIC ¢
UHIYKLHOHEH TeHepaTop ¢ HaBUT poTtop. KeM ympasnsBamata cucreMa Ha mnpeodOpasyBares
OTKBM pOTOpa ca N0OaBEHHU U TAKUBA 3a OCUTYpsiBaHE padoTaTta Ha peBepPCUBHUS MpeodpasyBaTe
Ha HAIPEXKeHHEe OTKbM MpeXKaTa U 3a ClIeIeHe Ha TOYKaTa Ha MAaKCHMaJIHA MOIIHOCT, U3IOJI3BAIIa
npenerHUpaHa KpUBa 3a 33JaBaHE HA CTATOpPHATa MOLTHOCT. IIBJIHUAT MOIEN € peasu3upaH B
cpenara Ha Matlab/Simulink. KoepuimeHTsT Ha MOLITHOCTTA HA BATBPHATA TYpOMHA € N30paH KaTo
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KpPUTEpHUl 3a OIlEHKAa Ha MNpaBWiHATa padoTa Ha YNpPAaBISIBALINTE CHUCTEMH. 15 € OHarieneHa
IIOCPEACTBOM CHMYyJIalMsl C MPOMEHJINBA BXOHAIIAa MOIIHOCT 3a TeHEpaTopa, HarmoxoOsBaa
MU3MEHEHHUETO Ha BATHpA.

I'19. Jlazapos B., 3. 3apkos, JI. CtosHoB, X. KpHueB. ExcrieppuMeHTamIHO M3CiIenBaHE Ha
CYTNIEPKOHICH3aTOPU U ompenessiHe Ha mapamerpute uM. [ogmmbuk Ha TexHU4YeckH
yHusepcuret - Codus, T. 61, k1. 2, 2011, cTp. 143-152. ISSN 1311-0829

B cratmsra € OnmMCaHO EKCIEPUMEHTAHO H3CJIEBAHE HAa CYNEPKOHIAEH3aTOp C Iel
OTIpeNieNIsIHE Ha TIapaMeTpPHUTe My M W3BEXK/IAaHE Ha MapaMeTpPHUTE HAa €KBHBAJICHTHATA 3aMECTBAIlA
cxeMa. Pasriienanu ca TeCTOBHUTE IPOLIEAY PH, KOUTO CE€ U3IOJI3BAT 32 ONPEACIITHE Ha MapaMeTpUTe
cynepkoHaeH3zaropute. PaspaboTeHa e onmuTHA MOCTAHOBKA 32 U3CIIEIBAHE HA CY IEPKOHACH3aTOPH.
IIpencTaBenu ca ekcriepuMeHTanHH pesyntatd. Ha Oa3ata Ha HW3MEpeHHTE U PETUCTPUPAHU
BEJINYMHHA Ca WM3YMUCJICHH KaNalUTeTHT Ha KOHAEH3aTOpa, MOCJIEAOBATENIHOTO M MapajeHOTO
CBIIPOTHUBJICHHE HA 3aMECTBAIIATa CXEMA.

I'20. Jlazapos B., 3. 3apkos, JI. CtosinoB, X. KpHueB. M3cnenBane Ha BB3MOXKHOCTUTE 3a
KOMIIEHCHUpaHe Ha (IAyKTyalUUTe HAa MOIIHOCTTa HA  BETPOTEHEPAaTOp ChC
cynepkonnenzatopu. [lonunrank Ha Texuudecku yauepcuteT - Codus, T. 61, xu. 2, 2011,
cTp. 153-162. ISSN 1311-0829

B crarusiTa ca pasrienaHu BB3MOXKHOCTHTE 32 KOMIIGHCHpaHe Ha (IyKTyaluuTe Ha
MOLIHOCTTa Ha eJeKTpudecku reHepatopy, wusnonssamu BHE, 4pe3 cynepkoHaeH3aTOpH.
[IpencTaBeHn ca BB3MOXHHTE CTPYKTypH Ha xuOpupHa cucrema or BUE u akymyimpamu
ycrpoiictea. Pa3zpaborena e crparerust 3a KOMneHcupaHe Ha (UIyKTyalMHUTe Ha MOIHOCTTA Ha
BETPOr€HEPaTOp C MOMOIITA HA aKyMyJaTop M CYIEepPKOHAEH3aTop, paboTelyu eTHOBPEMEHHO.
Cw3manen e mozen, BitouBal: cynepkonnensatop, DC-DC npeobpa3ysaren, NOCTOSHHOTOKOBA
JVHUS W peryjatop Ha MommHoOcT B cpena Matlab/Simulink. IlpencraBenn ca pesynrata OT
CUMyJlallMM TpU U3IBJIHEHHE Ha 3aJaHue 3a H3MEHsdlLla Ce€ BbB BPEMETO MOLIHOCT Ha
CYNEepKOHAEH3aTOpa, KOATO OU ce M3HCKBaja OT CHUCTEMATa 3a KOMIIEHCALMs Ha (IIyKTyauuure.
Cp3ganeHa € omMTHa MOCTAHOBKA 3a U3CJAEIBAHE HA BB3MOXKHOCTUTE 32 KOMIIEHCHPAaHE Ha
¢bnykTyaumuTe Ha MOIDHOCTTa Ha TeHepatopw, wm3nomsBamu BHE, ¢ nomomra Ha
CylepKOHAeH3aTop. EkcrnepuMeHTanHuTe H3CIeABaHUA I0Ka3BaT, Y€ upe3 W3IOJI3BaHe Ha
CYNEPKOHAEH3aTOp B IPECTaBeHAaTa B JOKJIaAa CTPYKTypa, MOXKeE [1a C€ IOCTUTHE KPATKOBPEMEHHO
KOMIIEHCHpaHe Ha m3MeHeHus 10 100% oT HOMUHAJIHaTa MOIITHOCT Ha BATBHPHA TypOHHA U 10 TO3H
HA4YMH FeHepaTopbT MOXKE J1a OCUTYPU HENIPEKbCHATO 3aXpaHBaHe Ha TOBAPUTE.

I'21. Lazarov, V., Z. Zarkov, L. Stoyanov, H. Kanchev. Modeling of photovoltaic panels for
MPPT purposes. Proceedings of the Technical University — Sofia, vol. 63, 2013, book 2,
pp. 341-350. ISSN 1311-0829

Cratuara mpexncraBs MonenupaHero Ha (oroBonramueH (PB) manen u ananmmza Ha
paboTara Ha naHesa IPU Pa3INIHN METEOPOJIOTHYHHU YCJIOBHS C LeJI TOATOTOBKA HA yIIPABIISBAILU
NOBBPXHUHM 3a ClefleHe Ha TOYKaTa Ha MakcuMainHa MomHocT. Cren HampaseHus 0030p Ha
MozenuTe € n30paH TakbB C €AUH AUOJ IOPAAM HEroBaTa MPOCTOTA U 3aJOBOJIMTEIHA TOYHOCT.
IIpencraBen e Monmen CbC CEPUHHO U MApaseNHO CHIPOTUBJIEHHE C OTYUTAHE Ha 3aryoure B
MPOBOJHULIUTE MEXY MaHea U MACTOTO Ha CBbp3BaHe KbM ToBapa. [lapamerpure Ha Mozena ca
oTpernesieH: Ha 0a3aTa Ha eKCIIePHIMEHTAIHN JaHHU, ChOpPaHU OT ONMMTHA NOcTaHOBKa ¢ @B nanenn
B Kartenpa ,Enekrpuueckn mamuan KbM TY-Codus. C roroBus mMonmen ca peajn3HpaHd
CUMyJIallMM Ha BOJT-aMIIEpHATa XapakTEepPUCTUKA Ha MaHeNa MPU PasfudyHU MEeTEOpPOJIOTHYHU
yCJIOBHS, 32 Ja C€ OHarjenu BIMSHHUETO Ha TeMIlepaTypaTa U CIbHYeBaTa pajualys BbpPXYy Ta3u
XapaKkTepucTHKa. Bb3 OCHOBa Ha MOJy4yeHUTE pe3yiTaTH ca CHUHTE3MpaHu ympasiasasamu 3D
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NOBBPXHUHH 32 €JIEKTPOHHH MPeo0pasyBaTeNN C Pa3JINYEH TUI 330aHHsA (IO TOK U IO HATPEKEHUE)
Ha yNPaBJIABAILUTE I'M CUCTEMHU.

22, Lazarov, V., Z. Zarkov, L. Stoyanov, H. Kanchev, B. Frangois. Grid-connected PV system
with MPPT control. Proceedings of the Technical University — Sofia, vol. 63, 2013, book
1, pp. 357-366, ISSN 1311-0829.

B crarusita e pasrieqana GOTOBOJITaAUYHA CHCTEMA, CBhP3aHa KbM €JIEKTpHYECKaTa MPEXKa,
KOSITO M3IT0JI3Ba KOHTPOJIEP 3a CJIEfIeHe Ha TOYKaTa Ha MakcuMaiHata MoinHocT. Cucremara ce
cbcTOM OT (poToBONTandHO ToJie, mosuinasaiy DC/DC npeobpasyBaTen u UHBEPTOP 3a BPB3Ka C
enexkTpuueckara Mpeka. Cb3aieH € qeTaiieH CHMyJIallMOHEeH MOJIENT Ha CUCTEMATa, 3a€HO C yII-
paBIIEHHETO 3a [1BA Cliydyasi — MaJOMOIIHA CUCTeMa C enqHO(a3eH WHBEPTOP M MOIIHA CHCTEMA C
tpudazen uaeprop. Ch3mazaeHu ca U ca W3CJEIBAHH JBa aIrOPUTHMA 3a CIeeHe Ha MaKCHUMall-
HaTa MOIIHOCT, OCHOBaHU Ha rpeneduHIpaH KpUBH U ¢ pasmuTa jtoruka (Fuzzy logic). [Tokasanu
ca pe3yJITaTH OT CUMYJIAIMUTE, KOUTO J0Ka3BaT paboTOCTIOCOOHOCTTA HAa MOMIEJIUTE MIPU PSI3KO TPO-
MEHSIIIH C€ METEOPOJIOTHYHH YCJIOBUS U aIeKBATHOCTTA Ha u30paHuTe noaxonau. CUMy TalliOHHUTE
pes3yJaTaTi OT CucTeMarta ¢ enHo(a3eH HHBEPTOP ca CPAaBHEHH C €KCIIEPUMEHTAIHU JaHHHU, TIPH KO-

€TO Ce MOJy4aBa MaKCUMAJIHO OTKJIOHEHUEe 22%.

I23. Lazarov, V., Z. Zarkov, L. Stoyanov, H. Kanchev, B. Frangois. Grid connected
photovoltaic systems with limited output power control. Proceedings of the Technical
University - Sofia, vol. 63, book 2, 2013, pp. 331-340, ISSN 1311-0829.

Crarusita mpencraBs CTpaTerds 3a OrpaHUYaBaHE Ha H3XOAALIATA MOLIHOCT Ha
¢doroBoNTANYHA CUCTEMA, CBBP3aHa C Mpexara. [IpencraBeHn ca 1Be B3MOXKHOCTH 32 TIOCTHTaHE
Ha Ta3W IIeJ - C NPEABAPUTEIHO M3BECTHU TAOJHMLM HAa MOLIHOCTTA, MPH KOATO ce paboTw ¢
OTIperesIeH MPOLIEHT OT HaJMYHAaTa MAaKCUMAaJIHA MOLIHOCT M ¢ pa3MuTa Jioruka (fuzzy logic), mpu
KOSITO C€ MOJABbPIKa MOCTOSIHHA M3XO/IHA MOIIHOCT Ha cHcTeMara. Pa3paboTeHu ca KOHTpOJepH,
U3MOJ3BAIIN MPEIBAPUTEIHO 3a7aJeHH KPUBH Ha MOIIHOCTTA M Pa3MHTa JIOTMKa 3a paboTa c
MOCTOSIHHA M3X0JHa MOIIHOCT. IToka3aHu ca CHMyTaLIMOHHH PE3yJITATH OT MOZIEJIa HA CUCTEMATa B
Matlab/Simulink, xouto noka3pat pabOTOCTIOCOOHOCTTa W AJAEKBATHOCTTA Ha paspabOTEHUTe
mopenan. OrpaHMYaBaHETO HA M3XOJSIIATa MOIIHOCT OT ()OTOBOJNTAMYHA MHCTANALMS € MSpKA,
KOSITO C€ W3IIOJI3BA MPEAMMHO B €KCTPEMHH CHUTYaLlMH, KOraTO € 3acTpalleHa CTaOMIIHOCTTa Ha
eJIeKTpOoeHepruiiHara cucreMa. Jlo MOMEHTa TOBa C€ OCBLIECTBBA WM YPe3 ITBJIHOTO U3KIFOYBAHE
Ha OB mHCTanaus win ype3 U3KIIYBaHe OT MPEKaTa Ha OMpeaesieHH MACUBHU OT MHCTAIALIMSATA.

I'24. 3apkos, 3., B. Munenos, J. Henosa, C. Padaunos. CpaBHUTENHO H3CleABaHE Ha

TBHKOCJIOWHU (oToBonTandyHu mnaHenu. [ogumHuk Ha TeXHUYECKH YHUBEPCHUTET -
Coduwmst, T. 63, xH. 5, 2013, cTp. 321-330, ISSN 1311-0829.

B cratusita € mpeacTtaBeHO TEOPETHKO-EKCIEPUMEHTATHO CPABHUTENHO M3CJIEIBaHE HA
YeTUpPH BHUAA TBHHKOCIOHHHM @B MOAynu, NpOW3BENCHU OT PA3JIUYHU MOJYIPOBOJHUKOBH
matepuaiu (aSi, CdTe, CIGS). HanpaBeHu ca CpaBHEHHSI Ha €JICKTPUYECKUTE XaPaKTEPUCTUKH Ha
efleMeHTapHa KjeTka ¢ mioml lcm? oT Bceku MOJyJI, MOJyYeHH 4pe3 M34MCieHMs Ha Oa3aTa Ha
TaHHUTE HA POU3BOAUTEINTE. Y CTAHOBEHO €, Y€ ILUTBTHOCTTA HAa TOKA MPH MOMYJIUTE OT aMopdeH
U MUKPOKPHUCTAJICH CHITULIMI € MOBeYe OT ABA ITBTH MO-MaJIKa OT Ta3H IPH MOYJIUTE, U3IOJI3BALIH
CdTe u CIGS. Ilocnennure paboOTAT ¢ MUIBTHOCTH HA TOKA B KJIETKUTE, KOUTO Ce HOONMKABAT 10
TE3W Ha KJIETKUTE OT KpucTasieH Si. CHeTH ca eKCIIEpUMEHTAHO BOJIT-AMIIEPHU XapaKTEPUCTUKU
(BAX) Ha MoaynuTe Ipu MMOJIEBH yCJIOBUS — Pa3jIMYHa CIIbHUEBA paaualus u remmnepatypa. CHeTH
ca u BAX Ha MoamynuTe npu ABa TUIa 3aceH4YBaHe. Pe3ynraTture 3a HAKOU OT MOJYJIUTE MOKAa3BaT
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3HAYUTETHH pa3nuku oT ¢opmara Ha BAX, mameHa ot mpomssoauresns. MUKpOKpHCTaIHATA
TEXHOJIOTHS TIPH CUJIMLMS TO3BOJISIBA MMOJIydaBaHe Ha e€PeKTMBHOCTH OKoyo 50% mO-BUCOKH OT
Tasu Ha amop¢uus cumiuii. CpasHurenno Hosute marepuann CdTe u CIGS Bede mo3BossiBaT
NOCTHraHe Ha e(peKTUBHOCT, OJIM3KA IO Ta3M HAa KJIETKUTE OT KPHUCTaJIEeH Si U JOCTa MO-BHCOKA OT
Ta3u Ha amopgHus Si.

I'25. Crosnos, JI, 3. 3apkos, X. Kbaues, B. Jlazapos. OueHka Ha MpOU3BOAUTEIHOCTTA HA
bacanuu GOTOBOATANYHM HHCTaNalMu. | omuimHuK Ha TeXHWYECKH YHHBEPCHUTET -
Codus, 1. 63, kH. 6, 2013, ctp. 77-84, ISSN 1311-0829.

B Tasm crarus ca pasrnenaHu ¢acamgHO HHTErpuUpaHd (OTOBONTAMYHH MOAYJIH OT
MOHOKPHUCTAJIEH CHIIMLIUH, KOUTO OMXa MOTJIH f1a ObaaT nHCTamupaHu Ha 010k Ne8 Ha Texandecku
yHusepcurer — Codusa. Llenra e na ce mpoBepu MpOU3BEACHATA €HEPrUs MPH PA3IHYHU
Pa3MOIOKEHUS HA MOAYJINTE, TPEANOCTaBeHH OT N30paHarta crpaaa. [IppBoHauaiHO € mpeacTaBeHa
METOMKa 3a mnpeoOpasyBaHe HAa MAaHHUTE 3a CIBHYEBATA PAAMALUS BBPXY XOPHU3OHTAJHA
NOBBPXHOCT B JITaHHM 32 PEaJTHO IMoJlyueHata oT monynure paauauus. Crpagarta uma dacaam
Pa3JIMYHU OPUEHTALUH U 3aTOBA € HEOOXOIUMO 1a Ce U3BBPLIN TOBa Mpeodpasysane. Cien ToBa €
ONMCaHa METOIUKATA 3a OINpEeNsiHE Ha MPOM3BENEHATa CHEPrusi OT (OTOBOJITAUYHHUTE MAHEIH,
KOSITO € MPEeACTaBeHa MOAPOOHO B MPEIUIIHHU TPYIOBE HA aBTOPCKHSI KOJIEKTUB. J[BeTe METOAMKH
ca MPWIOKEHU HAa KOHKPETHAaTa Crpaja, CIOMeHaTa Mno-rope. Pasrinemanure BapuaHTH ca 3a
XOPHU30HTAJIHO PA3MOJIOKEHUE Ha MOKPUBA, HAKJIOH 30° ¢ MUHMMAJIHO 3aCeHYBaHE U BEPTUKAIHO
pasmoNokeHue 1o TpuTe acany, UMAIU AOCEr CbC CIBbHYEBA paguanus. BepTHKaIHOTO
Pa3NONOKEHUE 3HAYNTEIHO HaMalsiBa MPOU3BEICHATA €Heprusl OT naHenauTe. To3U BUA MOHTaX €
NOAXOMAII NPU OTPaHUYEHA IUIOMI, KOraTro NMPOM3BENEHATa IO-MaJKO €Heprust € mo-godpa ot
I'bJIHATA U JIUIICA.

I'26. 3apkos, 3., JI. CrosHos, B. Jlazapos, X. KvHues. Ilnardopma 3a uscnenBane Ha
(OTOBONTAMYHH T'€HEPATOPH ChC CIBHLECHENAIN crucTeMu. I oguimauk Ha TexHuuecku
yHusepcuretr — Codust, Tom 64, kaura 3, 2014, ctp. 173-182. ISSN 1311-0829

B Tasm cratus e mpeacraBeHa pa3paboTkaTa M pealM3alMATa Ha EKCIePUMEHTAJHA
wiatgopma 3a uzcneasane Ha poroponrannm. [Inatpopmara e pasnonoxena Ha ExcriepuMenTaHa
womanka 3a uscneasane Ha BEWM 3an 4-tm O6nok Ha TexHudecku yHuepcuter-Codust.
[TnaTdopmaTa ce CbCTOM OT TPH CITBbHLIECTENAIIHU crucTeMu OT Trrl Feina SF20 ¢ MOHTHUpaHU Ha TAX
net OTOBONTANYHHU FE€HEPATOPH C MOJYJIH, IPOU3BEIEHH 110 PA3JINIHH TEXHOJIOTUH U OT Pa3INIHH
MaTepHali. MOHOKPHCTAJECH CHJIMIMHA U TMOJUKPHUCTAJICH CHJINLHHA, THHKOCIOWHH MOAYJIH OT
MUKPOKPHUCTAJICH CUJIULHKI, KaAMHUEB TEJIyPUI U MEAHO-UHAUEBO-rajgueB ceseHuna. Beuuku @B
TeHEePaTOPH Ca CBbP3aHU KbM €JIEKTPHUECKaTa Mpeka ¢ eHakBH enHodaszHu nasepropu SB1200.
Peammsupanure reHepaTopu ca ¢ OJM3KM MAKCUMaJTHA MOITHOCTH, KOETO TIO3BOJISIBA CPABHUTEITHO
U3CJIeIBAaHE Ha PA3JIMYHUTE TEXHOJIOTUH (POTOBOJNTAMYHU TMAHENU NMPH WACHTUYHHU yCJIOBUS. 3a
perucTpupaHe Ha OKOJIHATa TEMIIEPaTypa, CKOPOCTTa Ha BATHPA, Temreparypara Ha @B nmanenu u
Ha CITbHYEBATA pajMalvs Ha BCEKH OT TPUTE TPaKepa ca MOHTHUPAHU CEH30PH, CBBP3aHU KBbM
ycrpoiicto Sunny Sensor box. MHpopmanusaTa ce npenasa no untepdeiic RS485 mpes kabenna
muaus. Kem cpmus uHTEpdeiic ca cbp3aHum M uHBepTopHuTe. JlaHHUTE Cce cpOmpar oT
CIEIUAIM3UPAHO YCTPOICTBO 3a chOMpaHe Ha maHHU Sunny Webbox, koeTo € CBBp3aHO Hpes
JIOKaJIHa Mpe’ka KbM NepCOHaAIeH KOMMIOTHP. OT KOMIIOTBpa ¢ momolTa Ha matgopmara Webbox
npes3 HHTEPHET Opay3bp MOXKe J1a OblIe OCHIIECTBEH OTAAICYEH IOCTHI A0 JAHHUTE U HACTPOHKUTE
Ha wuHBepTopure. Ilnardpopmara mpemocTaBs TONEMH BB3MOXKHOCTH 34 CpPAaBHUTEINHH,
KOJINYECTBEHN M KadeCTBEHU H3cieaBaHus Ha ®B cucrtemu u TeXHUTE €JIEMEHTH B Pa3IMYHU
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peskumu Ha paboTa, kato: 1. Pexxum Ha CTbHIECTeIEHE TIO IB€ HAMPABJICHUS — BI'bJI HA HAKJIIOH U
asuMmyT; 2. Pabota npu pexuM Ha (PUKCUPAH brbJl HA HAKJIOHA U 33/1aJIeH a3UMy T, 3. ABTOMAaTHYHO
CleleHEe U PErHCTpUpaHe Ha MPOU3BEACHATa CHEeprusi, CIbHYEBAaTa paaualus, TeMIeparyparta Ha
MAHEJIUTE U OKOJIHUS BB3JyX, CKOPOCTTA Ha BATHPA, 4. BB3MOXKHOCT 3a U3CIeABAHE HA Pa3IndHU
TEXHOJIOTHUU (POTOBONITAMYHH TIAHENN MIPY eIHU U ChIIH ycious. OCBeH ToBa miaTgopMara gaBa
BB3MOKHOCTH 32 OBbAEIIN YChBbPIISHCTBAHUS U IOPA3BUTHE.

I'27. 3apkos, 3. Cuctema 3a CHEMaHe Ha XapaKTEPUCTHKUTE Ha CIIbHYEBU MOAy . ['onuImHuK
Ha Texuuuecku yHuBepcuter — Codusi, Tom 64, kaura 4, 2014, ctp. 219-228. ISSN 1311-
0829

IIpencrasena e paspaboTeHa OT aBTOpa CUCTEMa 3a aBTOMATH3MPAHO CHEMAaHE HAa BOJIT-
amnepHn xapakrepuctukun (BAX) na QoroBonranyam mopyim. Cucremata ce CbCTOH OT
CTaHIAPTHU KOMIIOHEHTH U TaKWBa, CIIEIMATHO pa3paboTeHu 3a uenrta. Muesra Ha yCcTpoHCTBOTO
ce CbCTOM B TOBA [1a C€ PETUCTPUPAT BBB BPEMETO CTOMHOCTHTE HAa TOKA M HANPEKEHUETO ClIeH
BKJIFOYBAHETO HA MaHeJa KbM MPEIBAPUTEIHO Pa3peneH KOHAESH3aTOP U Clie] TOBa Ja Ce HauepTae
3aBUCHMOCTTa Ha TOKa OT HANPEXKEHWeTO. 3a MpOBepKa HA aAeKBAaTHOCTTA Ha uaesita U
BB3MOXKHOCTHTE Ha yCTPOHCTBOTO € chcTaBeH Moxen B Matlab/Simulink, ¢ kofito ca HanpaBeHH
pasnnmuHu cuMyJjlauuu. Peanm3upaHaTta cucteMa ce ChCTOM OT: CHJIOBA 4aCT C KOHIAEH3aTOpU U
KOMYTaTOPH, CEH30p 3a HaIPEKeHNE, CEH30P 3a TOK; OJIOK 3a aHAJIOroBO-IU(pOBO peodpasyBaHe
U MIEpCOHAJICH KOMIIOTHP. 3a aHaJIO0roBo-1nu¢poBo npeodpasyBaHe HA CUTHAIUTE U YIIPABJICHUE HA
KoMy Taropute ce mnoiassa DAQ moaya ot National Instruments NI USB-6009, kofiTo ce cBbp3Ba
npe3 USB wmHTepdelic kbM mepcoHaseH KOMIMOTHP. 3a pa3pabOTBaHETO HA BUPTYATHHS
UHCTPYMEHT 3a yIpaBleHHe, U3MEPBaHe, BU3YyaH3alys U 3aMCBaHEe HA JaHHUTE € M3MOJI3BaHa
cpenata LabView. B crarusiTa ca mokasanu cxemu Ha pa3pabOTEHHTE OT aBTOpa CEH30PH 3a TOK U
Hanpe)keHUe, KaKTO W pe3yJTaTuTe OT KaJuOpUpPaHETO MM M IMpOBEpKara Ha TOYHOCTTa Ha
npeodpasysanerto. [Ipencrasenu ca pesynraru ot u3Mepsane Ha BAX Ha 4 pasnnunn @B nanena,
CHETU TNIPU €JHAKBU ycioBus. He3aBUCHMO, Ue XapaKTEepUCTHKUTE HA MAHEJINUTE Ce pasfnyaBar,
CHCTeMaTa 3a U3MepBaHe Ce CIPaBIJIA MHOTO J0Ope BbB BCHUKHU ciydau. CucteMara mo3BOJIsiBa
O6pp30 cHemane Ha BAX mnpu peanHun paOOTHM YyCIOBHS Ha IAHENUTE, KAaTO C€ OCUTYpsiBa
MOCTOSIHCTBO Ha BBHIIHHUTE (pakTOpH — TeMmnepaTypa u crpHueBa paananus. Cucremara € MOOHMITHA
U OTHOCHUTEJIHO €BTHHA.

I'28. 3apkos, 3., b. [lemupxos, JI. Crosnos, U. baues, B. Jlazapos. CbcTosiHNE U pa3BUTHE HA
CBbBPEMEHHUTE BETPOCHEPruilHU mpeobpasysarenHn cuctemud (dact 1 u wact 2).

TlNogunrank Ha Texanuecku yHuBepcuret - Codust, Tom 67, kH. 1, 2017, ctp. 311-319, 320-
330. ISSN 1311-0829

Crarmsata mpencrasiisiBa 0030p Ha CBHBPEMEHHOTO CBCTOSTHHE Ha BETPOCHEPTHUIHMHUTE
npeobpasysatenan cuctemu (BEIIC) 1 moka3Ba TeHIEHIMUTE Ha TSIXHOTO pasputue. JlaneHu ca
CBEJICHUs 3a Jejla Ha MPOMU3BEJEHATa €Heprus OT BATBPHU reHeparopu no ceera. Hanpasen e
MperJie] ¥ CPAaBHEHHE HA BUIOBETE €IEKTPUUECKU reHeparopu, usnoissanu BbB BEIIC, kakto u
pasmpeneseHNeTO Ha TEXHUTE Ma3apHU AsUIOBE. 3aCerHaTH ca Bb3MOKHOCTUTE 3a MPUJIOKEHHE Ha
HOBHU BHUJOBE T€HEPATOPH KAaTO O€3YeTKOBU M CBPBXIPOBOAMMH. PasrienaHu ca axkTyalHUTe
koHpuryparmun Ha BEIIC. Hampasena e knacudukanuss Ha CHJIOBUTE €JICKTPOHHH
npeoOpas3yBaTenu, U3MOA3BaHU BBB BATbPHUTE reHeparopu. [lokaszanu ca Hali-uecTo U3ION3BAHUTE
CXE€MH Ha mpeoOpasyBaTeny, KakTO W TMEPCIEeKTUBHU TaKWBa — IapalielHd NpeodpasyBaTely,
KacKkagHu mpeodpasyBaTenn, MaTpuuHU npeoOpasyBatenu. [lameHun ca 0a30BH cBeneHHsA 3a
yrnpasiaeHueTo Ha otnennure noacucremu BbB BEIIC. Ilocoduenn ca TeHAEeHIMNUTE B Pa3BUTHETO
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Ha cbBpemeHHute BEIIC, kaTo: HapacTBaHe Ha MOIIHOCTTAa Ha €IWHHUYHMS BETPOTEHEPATOP;
NpeMUHAaBaHE KBbM I€HepaTopH M NpeoOpa3yBaTeNd 32 CPENHO HANPEKEHUE, MPEMHUHABAHE KBbM
U3II0JI3BAaHE HA CUHXPOHHU T€HEPAaTOPU C MOCTOSIHHM MAarHuTH; NPEeMHHaBaHe KbM JUPEKTHO
3a/IBIDKBAaHE HA TIeHepaTopa, IOCTENEHHO HABJIM3aHE HAa CHJIOBU €JEKTPOHHM €JEeMEHTH OT
aNTepHATUBHH Ha crutniyst Matepuainy — SiC (cunmnumes kapbun), a 3a B Obaeme u ot GaN (ranues
HUTPU), MACOBO M3TIOJI3BAHE Ha eJIeKTpOHHUTE Npeodpasysarenu u ipu BEIIC ¢ manka MOIIHOCT.

I'29. 3apkos, 3., U. baues, b. [lemupkos, B. JlazapoB. ExciepuMeHTanHO u3ClieBaHE Ha
aNTepHATOPU 3a TPWIOKEHUS BBB BETPOCHEPTHIHU MpeoOpa3yBaTeIHU CHCTEMH.
logumiank Ha TexHudecku yHuBepcuteT - Codus, Tom 67, kH. 1, 2017, cTp. 331-340.
ISSN 1311-0829

Crarusita TpencTaBsi pe3yJNTaTUTE OT EKCIIEPUMEHTAJHO H3CJIe[BAaHE HA aBTOMOOMIIEH
aNTEPHATOP C HOKTOOOpasHU moistocu ¢ orien npuioxernero my BbB BEIIC. Ilpencrasen e
Cb3/aleH OT aBTOPUTE €KCIEePUMEHTAJEeH CTEHA 3a M3cielnBaHe Ha anTrepHaropu. llomydenu ca
XapaKTEPUCTUKUTE U NMapaMEeTPUTE HAa MAIIMHATA U € POy4YeHa BB3MOJKHOCTTA 3a paboTara 1 BbB
BEIIC ¢ manka momHocT. Ha 0a3ata Ha mosyueHHTE OT HM3CIEABAHETO XapPaKTEPUCTHUKU U
napameTpu € u30paH MaTeMaTHIECKH MOJIEN, KOHTO OMICBA AITEPHATOPA KATO CHHXPOHHA MAIIHA
C eJIeKTPOMAarHuTHO Bb3OysknaHe. Pa3spaboTeH € cuMynalioHeH MOAEN Ha ajTepPHATOpa B cpena
Matlab/Simulink. Pesyntarure oT cumyjanuuTe ca CPaBHEHU C €KCIIEPUMEHTAIHUTE JaHHU U €
NOJIY4€HO OOPO ChBIAICHUE.

I'30. 3apkos, 3., U. baues, b. [lemupkos, B. JlazapoB. ExciepuMeHTanHO H3CNeIBaHE Ha
aNTEPHATOP C MOCTOSHHU MarHUTU. ['onuimnuk Ha TexHuuecku yausepcureT - Codus,
ToM 67, kH. 1, 2017, cTp. 341-350. ISSN 1311-0829

B Tasu cratus e mpeacTaBeHO Ch3IABAHETO HA ANTEPHATOP C HOKTOOOpAa3HH MONOCH C
BB30YIKAaHEe OT PEIKO3EMHH MarHUTH. 3a LenTa € Moau(uLupaH aBTOMOOUIIEH alTepHATOpP, KaTo
B30y IUTEIHATA My HAMOTKA € 3aMEHEeHa C MPBbCTEHOBHICH MMOCTOSHEH MArHUT OT PEIKO3eMHH
matepuanun (Nd, Fe, B). IIpoBemeHO e eKCIepUMEHTAIHO W3CJIeBAaHE HAa MOIU(PULIUPAHHS
aNITePHATOP, MOJIYYSHH Ca XapaKTEPUCTHUKUTE MY U € POy YeHa Bb3MOKHOCTTA 3a padoTaTta My BbB
BEIIC ¢ majnka MomHocT. CpaBHEHH ¢ca OCHOBHH XapaKTEPUCTHKH Ha aITEPHATOPA C BB30OYyAUTENTHA
HAMOTKA U aJITePHATOPA C PEAKO3EMEH MArHUT, KaTO € OTOENA3aHO rOSIMOTO CXOCTBO MEKAY TSIX.
Ha Oa3ata Ha ekcniepUMEHTaJIHUTE JaHHU M 0000IIeHaTa TeOpHs Ha €NEKTPUYECKUTE MALINHH €
n30paH NOAXOSI MATEMAaTHYECKH MOJIES Ha alTePHATOPA, KOWTO Ce pasriieskaa KaTo CHHXPOHHA
MalIlHA C MOCTOSHHU MarHUTH. PaspaboTeH € cUMyJalMOHEH MOJEN Ha ajTepHaTopa B cpena
Matlab/Simulink. Pesyntarure oT cumyjanuuTe ca CPaBHEHU C €KCIIEPUMEHTAIHUTE JaHHU U €
nosnyueHo 100po cbBraneHue. OuakBa ce 3aMsiHaTa Ha BB30yAMUTENHATA HAMOTKA Aa JOBEAE 10
NOBHUILIABAHE Ha KOe(DUIMEeHTa Ha MOJIE3HO AEHCTBHE Ha aNTepHATOpa MOpagd MMpeMaxBaHETO Ha
3aryOure 3a B30y KIaHe.

I'31. 3apkos, 3., B. Jlazapos, JI. CtosHoB, 1. baues, b. [lemupkos. ®usnuecko MmonenupaHe
Ha BETPOEHEPrHiHM NpeoOpa3yBaTeNIHU CHCTEMH CbC CHHXPOHHU TE€HEPAaTOpU C
noctossHHU MarHuTd. ['ognmHnk Ha TexHuuecku yHuBepcurer - Codust, Tom 68, kH. 1,
2018, cTp. 263-272. ISSN 1311-0829

Crarusita mpeactaBsi pa3pa0OTeH W peaju3upaH OT aBTOPUTE CTEHA 3a (HU3UYECKO
MOJIeJTpaHe Ha BeTpoeHepruiina npeodpasysarenta cuctema (BEIIC) B mabopatopuu yciaosus. B
CTEHIIa KaTo reHepaTop Ce M3MOJ3Ba Hall-ChbBPEMEHHA CUHXPOHHA MaIlTHHA C MIOCTOSTHHU MarHUTH.
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CreHabT CHOTBETCTBA IO CBOSITA CTPYKTYpa U eneMeHTH Ha peanHa BEIIC. B noseuero ciyuyau He
€ BB3MOJKHO J1a C€ M3II0JI3Ba peasiHa BATbpPHA TypOuHa B Jaboparopuute. 3aTOBa CE Hajara Ts /a
Obae 3aMEHEHa C EJEKTPHYECKH [BUTaTel C MOAXONALIO YIpaBJieHHE, KOHTO Ja HUMHUTHpPA
cneunpUIHNTE MEXaHUIHH XaPaKTEePUCTUKH Ha TypOnHaTa. OCBEH TOBA B MOBEYETO JIaOOPATOPUH
€ HEBB3MOJXKHO /1a C€ MOHTUPAT MEraBaTOBU MAalllHU, KAKBUTO Ca MOIIHOCTUTE HA ChbBPEMEHHUTE
ronemu BEIIC. MoaenupaHeTo 1 u3CiielBaHETO Ha TaKMBAa MOLIHH BITbPHU I'€HEPATOPH MOXKE J1a
CTaHe 4Ype3 CTEH/IOBE, KOUTO NPEACTABISIBAT YMaJeHH (U3NYECKH MOJENH, ChOTBETCTBAINM Ha
ronemute BEIIC. B cratusita € mpencraBeHa CTPyKTypaTa Ha CTEHAA U Ca OMHCAHU HAKPaTKO
OCHOBHHUTE My €JIEMEHTHU — 3a/IBU’KBAHE, TeHepaTop, U3NpaBUTElNl, UHBEPTOP, CUCTEMA 38 HACTPOHKa
u Habmoaernue. [TorpedurtennTe UMaT Bb3MOXKHOCT J1a 33/1aBaT PA3JIMYHU KPUBU Ha MOIIIHOCTTA Ha
HMHBEPTOPA, KOUTO CHOTBETCTBAT HA MAaKCHMAaJIHATAa MOILITHOCT Ha BiAThbpHaTa TypOuHa. IIpoeneHu
ca eKCIIepUMEHTAJIHH M3CJIe[BaHUs CbC CTEHJAa M Ca IOKa3aHM HAKOM OCHOBHM pPE3YJITaTH,
MOJIyu€HH NpH TsxX. Pe3ynraTure nokassat, de napaMeTpUTe Ha TPUTE TJIaBHU €JIEMEHTa Ha CTeH 1a
— JABHTaTel, TEHEPaTOp, MHBEPTOP, Ca MPABIIIHO MOAOPAHHU U C€ ChINIACYBaT NOOpe MPH peajiHaTa
pabora Ha cucteMaTta. ToBa 1aBa Bb3MOKHOCT 1a ce nsciensa padorara Ha BEIIC npu npomenimsa
CKOPOCT Ha BATBHPA, KaKTO MpPHU KPAaTKOTPAMHMU MPEXOJHM PEKUMHU, Taka U 3a NPOABIDKUTEIHU
NEPUOAU OT BpeMe.

I'32. Crosnos, JI,, 3. 3apkos, B. Jlazapos, U. JIparanoscka. OuieHka Ha moy4deHaTa €HepPrust
ot ¢oroBoaranyna nertpana. ['ogumank Ha TexHnueckn yausepcutet - Codusi, Tom 68,
kH. 1, 2018, crp. 273-282. ISSN 1311-0829

Crartusita pencTaBs MPOTHO3UPAHETO HA U3XOAHATA MOIIHOCT, TeHEPUPaHa OT LIEHTPaa C
ThHKOCTIOWHN PB nanenn ot amopden cummuuii. 3a n34ncasiBaHe Ha MOIIHOCTTA Ha OB nanenm e
U3MOJN3BaH MOAU(HUIMPaH OT aBTOpUTE Moxaend Ha JfopuIl ¢ MPeaBapUTENIHO H3YHCIEHH
eMIMPUYHU NapaMeTpu. B3etn ca mox BHUMaHHE 3aryOWTe B MOCTOSTHHOTOKOBHUTE €JIEKTPOHHH
npeoOpa3yBaTeNnTe U MHBEPTOPHUTE B LIEHTPajaTa 4Ype3 CbOTBETHU MaTeMaTruecku Moaenu. OcBeH
TOBa € OCBLIECTBeH aHanu3 Ha peructpupanutre or SCADA cucrema rpeiiku, 4upe3 KOHTO ce
nopoOpsiBa TouHocTTa Ha Mogmena. C momenurte Ha [lfopuin M Ha WHBEPTOpA € H3YHCIEHA
U3XOJAINATa MOIIHOCT HA LIEHTpaJiaTa 3a AHU C PasiaudHu atmocdepHHu yciosus. llomyueHure
pe3ynTaTu ca CpPaBHEHH C pEaJHO H3MepeHH CTOHHOCTU. OCBINECTBEHO € CpPaBHEHHE Ha
MOCTOSIHHOTOKOBATa MOLTHOCT Ha (POTOBOJITAMMHOTO II0JIE, CBBP3aHO KbM €IMH WHBEPTOp, U Ha
NPOMEHJIMBOTOKOBAaTA MOINHOCT Ha Lsjara LeHTpajda. HerodHocTra ce ABIDKM HAa HSIKOH
OTIPOCTSIBAHHMS B MOJENUTE, KaTO CPEeOHOKBAaIpaTHYHATA TPEIlKka OCTaBa B paMKuTe Ha 6-8%.
ITpennMCcTBOTO HA M3MOJ3BAHATA METOAMKA €, Y€ He € HEOOXOMUMO MpeIBapuTeHo o0yUueHne u
TOYHOCTTA C€ 3aI1a3Ba MPH Pa3INdHU aTMOC(EPHHU Y CIOBHSL.

I'33. Crosiros, JI., 3. 3apkos, B. Jlazapos, B. Munenos. M3nutBaHe Ha (HOTOBOITAUYHU

na"enu B abopatopuu yciosus. I'ogumank Ha Texandecku yausepcureT - Codusi, Tom
68, xH. 1, 2018, cTp. 283-290. ISSN 1311-0829

CrarmsTa npencrass Iperiel Ha peanu3anusaTa Ha HUCKOOIOIKETEH CTeH | 3a M3IUTBaHE
Ha (POTOBOJTANYHH ITAHENH B JTAOOPATOPHHU YCTPONCTBA, CHCTOSII CE OT CITbHYEB CHMYJIATOP U aHa-
au3aTop Ha GOTOBONTAMYHH UHCTAMAU. CIIbHUEBUAT CUMYJIATOP € IOCTaBEH OT (ppeHcka pupma
clle]] ajanTalys U peaiu3aliys 1o 3aJjaHue Ha u3cienoBaTenckus ekun. CUMyIaTophT € ¢ IpoAb-
JKUTEJTHO OTPsiBaHE, OCBIIECTBEHO C XaJOT€HHH JIaMITU. Y TIPaBJI€HUETO Ha CUJIaTa Ha OCBETSIBAHE €
PBUHO U Ce OCBILECTBsABA Upe3 TUPUCTOPEH perynatop. [lBa BeHTUIATOpa B IOJIHUA Kpail Ha cTeHaa
OXJIAKIAT U3MUTBAHUS MaHeN U NMO3BOJISIBAT U3MUTBAHE MPU pa3InYHU TeMIrepaTypu. AHanu3arTo-
pbT Ha @B naHenu ¢ GabpuveH W MO3BONIBA CHEMAHETO HA BOJT-aMIIEPHU XapaKTEPUCTUKU HA
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uHCTaNauuu ¢ MourHocT 10 12kW. Cbe ch3ganenus crena ca m3nutaid @B oT ner pasnudHu Tex-
HoJioruu. CHETH ca BOJIT-aMIIepHU XapaKTEPUCTUKU NP Pa3IMYHU CTOHHOCTH HA OCBETEHOCTTA U
TeMIepaTypara Ha naHenute. [logydeHure pesynratu CbBNagaT ¢ TEOPETUUHNUTE XapAKTEPUCTUKH,
HO ce HaOJr0/1aBa CTHIIAJIOBUAHO U3MeHeHne B kpusHTe. C Lien naeHTuduKanys Ha MpuyuHaTa 3a
HEPaBHOCTHUTE MAHEJIUTE Ca M3MHUTAHU U NIPU PEATHH yCIIOBUS (CIIbHYEBA CBETIIMHA), KATO OTHOBO
€ M3MOJI3BaH ChIUAT aHanu3aTop. [lonyuennre kpuBM ca rnaaku, KOETO BOAU 0 3aKJIOUYEHUETO,
4ye mpoOJEeMBbT BEPOSITHO CE IBJDKH HAa HEPABHOMEPHOCT B OCBETsIBaHETO. EnemMeHTuTE Ha cTeHna
ca HUCKOOIOJKETHH, KaTo € ThPCEH KOMIIPOMHUC MEXKIY 33OBOJIMTENIHO KA4eCTBO M HUCKA LIEHA.
Crengbt e cb3mazeH B pamkute Ha npoekT JIYHK 01/3 | VHuBepcuTeTCKHM Hay YHO-U3CIIEA0BATE-
CKHM KOMITIEKC™ U € pasnosioskeH B JlabopaTopus o Bb300HOBSIEMU U3TOYHHIN Ha €HEPrus (eJeK-

TPUYECKH acleKTH) B KaTenpa ,,Enexrpudyeckn mamman™, Enekrporexandecku Qaxynrer Ha TY-
Codus.

I'34. Lazarov, V., Z. Zarkov, L. Stoyanov. Experimental study of losses in doubly-fed
induction generator. Ecological Engineering and Environment Protection, vol. 3, 2012, pp.
34-40. ISSN 1311-8668

CrarmsTa peacTaBs eKCIEPUMEHTAIHO U3CIIeIBaHe Ha 3aryOnTe B KOH(PUTYpaLus TBOHO
3axpaHeH WHAYKIMOHEH T'€HEPaTop, BKJIIOYBAIIA. MHAYKLUUOHEH TE€HEpaTop C HABUT POTOD,
IOBYTIOCOUEH eJiekTpoHeH mnpeoOpasysaren (back-to-back), cwcrosimy ce or nBa Tpudasau
TpansucTopHH npeodpaszysarens, LC ¢untbp u Tpanchopmarop. Konpurypauusra e peanmusupasa
KaTO eKCIepuMeHTalieH cTeH | B Jlaboparopus o Bb300OHOBSIEMH U3TOYHHLIM HAa €HEprusi (eiek-
TPUYECKH acleKTH) B KaTenpa ,,Enexrpudyeckn mamman™, Enekrporexandecku Qaxynrer Ha TY-
Codus. IlpencraBeHu ca pe3ynTaTH OT EKCIEPUMEHTH M HW3YHUCICHUS, KOUTO TIOKa3BaT
3aBHCHMOCTHUTE Ha 3aryOUTE B OTJAEIHUTE €JIEMEHTH Ha CHCTEMaTa OT Ipeo0pa3yBaHaTa MOIIHOCT
U OT CKOPOCTTa Ha BbPTEHE Ha MamnHaTa. [IpencraBeHo e pa3npeneneHneTo Ha pa3InIHATe 3ary On
NIPH PA3JINIHA CTOMHOCTH HA CTATOPHUTE MOLITHOCTH, KAKTO U MPH PA3JIMYHU CKOPOCTH HA BPTEHE.
[TonyueHo e M3MEHEHNETO Ha KOe(UIIMEeHTa Ha MOJIE3HO IeHiCTBUE HA CHCTEMATa B 3aBUCUMOCT OT
CKOpPOCTTa Ha BBPTEHE W HAa MOLIHOCTTA. Pe3ynraruTe moka3BaT HEOOXOAMMOCTTa OT B3UMAaHE
npeaBun Ha 3aryoure, mpeHeOperHaTH B CHMYJIALIMOHHUTE MOJIENIH, KOeTO OM IOBENo [0
3HAYUTEITHO MOAOOPEHNE HA ChOTBETCTBHETO MEXKy U3UHCIICHUSITA U PEATHOCTTA.

I'35. Lazarov, V., Z. Zarkov, L. Stoyanov. Inertia influence on MPPT operation of a wind
turbine with doubly fed induction generator. Ecological Engineering and Environment
Protection, No. 4, 2012, pp. 52-58. ISSN 1311-8668

Crarusita npecTaBsi U3CJI€ABAHE HA BIMSHUETO HA MHEPLMOHHHUTE MacH BbpXy padorara ¢
MaKCHMaJlHa MOIIMHOCT Ha BETPOEHepruiiHa mnpeoOpasyBaTelHa CHCTEMa C JBOHHO 3aXpaHeH
UHIYKLOUOHeH reHepatop. OMUCaHM ca HAKPATKO MOAENUTE Ha OTHAENHUTE EJNEMEHTH OT
BETPOreHepaTopa U MPHIIKALINTE My YIIPABISIBAIIUA CHCTEMH. Peann3upanusT Moien B cpenara
Ha Matlab/Simulink e Banmuaupan Ha ekcniepuMeHTaneH creHn B Jlaboparopus o Bb30OHOBsIEMH
U3TOYHHMLN Ha €Heprusl (eJNeKTPUYECKH acleKTH) ¢ MUKPOINPOLIECOPHA CHCTEMA 3a YIpaBJICHUE
dSPACE. IlpoBemnenu ca cCUMyJauuy, NPU Pa3IMYHA CTOMHOCTH HAa WHEPLUOHHUTE Macu B
CHCTeMaTa U € u3cienBaHa paboTaTa Ha BETPOreHepaTopa MpHU PasIndHU NPOQIIIH Ha BATHPA. B3
OCHOBA HA IIOJIyYeHUTE PE3yJITaTH Ce YCTAHOBSBA, Y€ MHEPLMOHHATA Maca TPAOBa Aa OCUTYpsiBa
KOMIIPOMHC MeXXAy CTaOMJIHOCTTA Ha YINPABJIEHUETO 3a CJIEeJieHEe Ha TOYKAaTa HA MAaKCHMAaJlHA
MOIITHOCT U BHECEHUTE B MpeskaTa (PIyKTyarny Ha MOITHOCTTA.
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I'36. 3apkos, 3., JI. CtosinoB, X. Kpuues, B. Munenos, B. JIazapos. CpaBHUTENIHO H3CIeIBaAaHE
Ha (I)OTOBOJ'ITaI/ILIHI/I CUCTEMHU C PA3JIUYHU BUIOBE NAHCIIN. ExonornyHo HHXKCHCPCTBO U
omas3BaHe Ha OKOJHATA cpena, Op. 3, 2015, cTp. 47-56, ISSN 1311-8668.

B cratmsTa € DpencTaBeHO EKCIEPUMEHTAJHO CPABHHUTEIHO U3CIEABAHE Ha
CJIBHLECIICAAIIIN U (1)I/IKCI/IpaHI/I ®B cucremMu ¢ metr Tuma MaHEJIH, MPOU3BCACHU IO PA3JIMYHU
TEXHOJIOTUKM U OT Pa3JIMYHA MATCPUAJIN. HaHpaBeHI/I ca CpaBHCHUA Ha CICKTPHUYCCKUTE
xapaktepucTuky Ha @B reHeparopu Ha 6a3aTa Ha JaHHWUTE OT mpousBoguTenute. [IpencraBenn ca
peauua pe3yaTraTd OT €KCNEepUMEHTajJHU wu3ciensaHuss Ha PB cucremMu npu pasauyHU
METCOPOJIOTUYHHA YCJIOBUA — CII'BbHYCBU, O6Ha‘{HH JAHH. HpeHCTaBeHI/I Ca JaHHU U CPAaBHCHUA Ha
MPOU3BOAUTENIHOCTTA HAa (PUKCHUPAHW M CIBHLECTCNSAIIN CHUCTEMH W € HalpaBeHa OLICHKAa Ha
MIPOU3BEIEHATA €HEPIUs B pEXKUMa Ha CJe[IeHe Ha CIbHIETO. Hanpasenu ca nu3soau 3a kauectsara
Ha THhHKOCJOMHNTE NMaHEIH, CpPaBHCHU C TE3U HA NNAHEIUTEC C KPUCTAJIHU CUJIMIHUEBU KIICTKH.

I'37. Bachev, 1., B. Demirkov, L. Stoyanov, V. Lazarov, Z. Zarkov, G. Notton, A. Damian.
Generalized approach for feasibility study of hybrid systems with renewable energy

sources. Ecological Engineering and Environment Protection, No. 2, 2018, pp. 64-73,
ISSN 1311-8668, DOI:10.32006/eeep.2018.2.6473

Crarmata mpencraBs pa3pabOTEH OT aBTOpUTE OOOOINEH METOA 3a Opa3MepsiBaHE Ha
XuOpuaHa cucTteMa ¢ (POTOBONTAMYHU WM BSITHPHU T€HEPATOPH W AKyMYJIHMPALIN yCTPOMCTBA.
MeTonbsT € OCHOBaH Ha W3MOJ3BAHETO HA OTHOCUTEJHU €IMHHLM 33 MeHEepUpaHaTa MOLIHOCT U
NpOU3BECACHATA CHECPTHA. 3a BXOOHU BECJIIMYMHU CE€ WU3MNOJ3BAT AJaHHU 3a METCOPOJIOTMYHUTE
YCJIOBHUS HA TAJACHOTO MSICTO M TOBAapOB rpad)uK Ha KOHCYMaTopuTe. MeTOAbT € MPUIIOKEH 338 TPH
MecTa B bearapus, ®@paHuus u PymbHUSA, KaTO ca HanpaBeHW W3YUCIEHUS 33 TPU NPUMEPHHU
KOH(UTYypalMi Ha MOIIHOCTTA Ha reHepartopure. Ha 0a3ara Ha roguuIHus eHEepriueH OajnaHc ca
HanpaBeHH! CPABHEHHS HA PA3IMYHUTE KOHPUTYpaLiK, Pa3oNoKEeHH Ha TPUTE U3CICABAHN MECTa.
Hanpasenu ca CbOTBETHH H3BOH 32 Peasil3yeMOCTTa Ha N30paHUTe KOH(PHUTYPALUU Ha PA3TUUHUTE
reorpad)CKu MOJIOKESHUSI.

I'38. 3apkos, 3. MonenupaHe u U3ClIeABaAHE HA BETPOCHEPTHITHN MTpeoOpa3yBaTeIHU CUCTEMHU
ChC CHHXPOHHU T€HEPaTOPU B JIAOOPATOPHHU YCIOBHs. EKONOTMYHO WHIKEHEPCTBO U
oma3BaHe Ha okoJjiHaTa cpena, No 4, 2018, ctp. 60-69, ISSN 1311-8668.

B crarusiTa e npencrasen paspadoreH B Jlaboparopusita o BUE (enekTpuuecky acriekTH),
Enexrporexnnueckn ¢akynrer Ha Texnuuecku ynusepcureT - Codusa creHn 3a ¢usmdecko
MOZIENIPaHe Ha BETPOCHEPTHiTHA peodpasyBaTeIHA CUCTEMa, BKJIIOYBAINA: 3aABIDKBALL MOTOP C
€JIEKTPOHEH Mpeodpa3yBarel, CHHXPOHEH I'€HepaTop C €NEKTPOMAarHUTHO Bb30y’KHaHe, JTUOIECH
usnpasuren, nopummasam DC-DC npeobpasysarten, TpudaseH TpaH3UCTOPEH HHBEPTOP € PUITH,
KOWTO € CBBbpP3aH KbM ellekTpudeckara Mpexa. CTeHabpT € 000pyIBaH C MOAXOISIIN CEH30PH 3
Harpe)keHUe U TOK, KOUTO ca HEOOXOAMMH 32 yIPABICHUETO Ha Mpeodpa3yBaTeInTe H MOLTHOCTTA
Ha cucreMaTa. [TocpencTBoM H3Moa3BaHeTo HAa MUKponponecoprata atdopma dSPACE DS1104
U C momolTa Ha pa3paboTeHa OT aBTOpa MporpaMa Ce H3BBpPILIBA HE CaMO YIIPABIECHHETO Ha
€JIEKTPOHHHUTE NpeoOpa3yBaTed B CUCTEMATa, HO U CTaBa BB3MOJKHO Jla C€ CIEIST U MPOMEHST
napaMeTpuTe Ha YIpaBJIeHHEeTO npu padorema cuctema. IlokasaHa e cTpykrypara Ha paspaboTeH
ot aBropa mozaen B Simulink, KOWTO ce KOMOIIMPA AUPEKTHO B KOA 3a MHUKPOMPOCEOpHATa
cucTeMa 3a yIpaBJIeHHEe B PEATHO BpeMe Ha CTeHAa. B craTusita ca mpeacTtaBeHH U pe3yiTaTH OT
eKCTIEpUMEHTAJTHH M3CJIEBAHUS, KOUTO TMOTBBPIKIABAT KadeCcTBAaTa HA PEATM3MPAHHs CTEHA H
CBOTBETCTBUETO MY Ha PEAHUTE BITHPHU reHeparopu. PazpaboreHusT Qusmdecku Monmena Ha
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BEIIC cBC CHHXpOHEH Te€HepaTop IMpEACTaBlsiBA I'bBKABO pelIeHHE 3a Bepudukauus Ha
TEOPETUYHH W3CJIEIBAHUS Ha MpPOLECHUTe Ha MpeoOpasyBaHe Ha eHeprusta, paborara Ha
eHepruiiHuTe nmpeodpasyBaTeu U CHCTEMHTE 32 YIIPABJICHHE BbB BIThPHUTE T'€HEPATOPH.

I'39. 3apkos, 3. Cumynupane Ha padoTata Ha BITbPHH TypOWHU B JaOOPATOPHH YCIIOBUSI.
ExonornuHo nHXEHEPCTBO U OMa3BaHe Ha OKoJHaTa cpena, No 4, 2019, ctp. 44-53, ISSN
1311-8668.

IlenTa Ha Ta3u cTaTUs € Aa NPEACTaBU MOAXOAU 3a Ch3/1aBaHE HA €MYJIaTOPU Ha BATHPHU
Typbunu (EBT), xouro ce m3non3sar B naboparopHu ycioBus. IlocpencTBoM M3IMON3BaHETO HA
NOAXOMAIIN MAaTeMaTHYECKH MOIENU Ha BITBPHU TYpOMHM M HMIUIEMEHTHPAHETO UM B
MHUKPOKOHTPOJIEPH 32 YIIPABIEHHE HA €JIEKTPOHHH NpeoOpasyBaTend € MOCTUrHaTa paboTra Ha
3aBIDKBAIIUST MOTOp, KOSATO CHOTBETCTBA HAa IOBEACHMETO HA pealiHa BATbPHa TypOWHA.
IIpencTaBenu ca aBa emyJjaropa Ha BATbPHHU TypOuHH. IIbpBusAT nsmomssa JAIIT ¢ psuraren c
HE3aBUCHMO Bb30y)KIaHe, 3aXpaHBaH OT MOCTOB TPAH3UCTOPEH HMITYJICEH MNpeoOpasyBared.
YnpaBiaeHHeTo My € UMILIEMEHTHPAHO BBbPXY MHKpompouecopHa cucrema dSpace DS1104, kato
ce u3MoJi3Ba 00paTHA BpB3Ka MO TOKa Ha asuraresisi. Bropust EBT usnomnssa AIIT ¢ Bp30ykaaHe
OT TIOCTOSIHHH MAarHWTH U C€ 3axpaHBa ¢ TpudaseH ymnparBisieM THPUCTOPEH H3MPaBUTEN. 3a
VIPABIEHUETO My C€ U3IMOJI3Ba MUKPOKOHTpoJsiep Arduino Nano u oOpaTHa BpbCKa MO BBPTSILIHS
MOMEHT Ha Baja Ha jBurarens. ExcrnepuMeHTanHUTe U3CHE€NBaHMs IIOKa3BaT MbJIHATa
(YHKIMOHATHOCT Ha pa3padOTEHUTE YCTPOICTBA, KAKTO M BB3MOXKHOCTHTE MM JAa CHMYJIHPAT
TOYHO TOBEICHHETO HAa PealHH BATbPHU TypOmHM B nabopaTopHH ycioBus. Pemenwero ¢
U3MOJI3BaHe Ha 0OpaTHa BPB3Ka MO BBPTSII MOMEHT JjaBa Mo-100pHU pe3ysITaTH MO OTHOIIEHUE Ha
TOYHOCTTA Ha OTPa0OTBaHE Ha 33JaJE€HUTE XapPAKTEPUCTUKHU Ha TypOMHATA, HO TO M3MCKBA CKBII
CEH30p 3a M3MepBaHe Ha BBPTIIUA MOMEHT. IIpuioxkeHneTo Ha 3aBUXKBAHUS C JABUraTelM 3a
MIOCTOSIHEH TOK € HAIThJIHO OIPaBAAHO B TE3U CHEU(PUIHY CIIydau U pe3yJITATUTE Ca MHOTO TOOpH.
Paszpaborenure emynatopum Ha BT mo3BossiBaT 1a ce HM3BBPIIBA YCIEIIHO pa3paboTBaHe U
TEOPETUYHO U EeKCIIEpUMEHTAHO M3CJIe/IBaHE Ha CUCTEMH 3a OIOJI30TBOPsSIBAHE HA BATbpPHATA
€Heprusl C Pa3MYHU TUIIOBE T€HEPATOPH, EIEKTPOHHU NpeoOpas3yBaTeNy, arOPUTMH U METOAH 32
yIIpaBlieHUE U yIIPaBJIsABALIN KOHTPOJIEPH.

I'40. Lazarov,V., Z. Zarkov, H. Kanchev, L. Stoyanov, B. Frang¢ois. Compensation of power
fluctuations in PV systems with supercapacitors. Electrotehnica & Electronica E+E, 9-10,
2012, pp. 48-55, ISSN 0861-4717.

Cratusita pasriexkga npoOjeMuTe, CBBP3aHH C HWHTETPUPAHETO HA BBH3OOHOBSIEMU
W3TOYHULIM B EHEpruiiHaTa CHCTEeMa, MPOU3TUYAINH OT MPOMEHJIUBUS XapaKTep Ha MbPBUYHUTE
eHepruu. BB3MOXHHTE pelneHusi 3a TNPEONONIIBAHETO Ha mpobyiema ca pa3paboTBaHETO Ha
XUOPUIHU CUCTEMH W BBBEKIAHETO HA yCTPONCTBA 32 CbXPaHEHUE Ha eHeprus. Te3m yCcTpoHcTBa
CIIy>KaT 32 KOMIIEHCUpPAaHE Ha NMpOMeHHUTe Ha MomHocTTa OT BEW M mo3BoisBaT na ce moCTUrHe
KOHTPOJIMPAHO MOCTOSIHHO MPOM3BOICTBO Ha eyiekTpoeHeprus. B padorara aBTopuTte npemiarart
crcTeMa 3a KOMIEHCHpaHe Ha (PIyKTyauunuTe Ha MOIIHOCTTa Ha @B enexTponeHTpana ¢ momomra
Ha CYTNEPKOH/ICH3aTOP KaTO YCTPOICTBO 3a ChXpaHeHue Ha eHeprus. Ch3aaneH € MOl Ha CUCTeMa
¢ (OTOBOJNTAMK, CYNMEPKOHICH3ATOp M ENEeKTPOHeH mpeobpasysaren B cpema Matlab/Simulink.
[IpoBenenn ca cUMyJALIOHHH W3CJICABAHMS C M3MOJ3BAHE HAa PEajHU NAaHHH 32 MPOMEHHTE Ha
cirpHUeBaTa paauanus. IIpencraBenHu ca u pe3ysTaTi OT eKCIePUMEHTAHN N3CIIeIBaHus 3a paboTa
Ha CYIIEPKOH/ICH3aTOP C MPOMEHJIMBA MOIHOCT. Pe3ynTarure moTBbprkaAaBat padboTocrnoco0HOCTTa
Ha UJesATa U Bb3MOKHOCTUTE 38 KOMITEHCHUPaHe Ha (JIyKTyalMUTe HA MOITHOCTTA Ha PV nieHTpanu
C MaJIKa MOIIHOCT CaMO ChC CYTEPKOHIEH3aTOPH.
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r41. Lazarov, V., Z. Zarkov, L. Stoyanov, H. Kanchev. Strategies for output power
control of photovoltaic systems. Electrotehnica & Electronica E+E, 11-12, 2012, pp. 62-
72. ISSN 0861-4717

Crartusita 06001maBa paboTrara Ha aBTOPHUTE MO MOACTUPAHETO HA (POTOBOJITAMYHA CUCTEMA
C MOBHUIIABAILL TIOCTOSIHHOTOKOB Mpeo0pasyBaTes U HHBEPTOP, CBbP3aH KbM €JIEKTPHYECKTA MpesKa
U Bb3MOJKHHTE CTPATErHH 3a yIpaBjieHHe Ha N3XoAasLara i MolHocT. [IpencraBenu ca aetailyiHno
MOJEJINTE Ha PAa3IMYHHUTE eJIEMEHTH OT CHCTeMaTa BbB BH, MOIXO/SLI 32 pealu3upaHe B cpeaara
Ha Matlab/Simulink. Pasrinenanu ca Tpu cTpaTeruu 3a ymnpasieHHE Ha M3XOZSIIATAa MOLIHOCT —
cliefieHe Ha TOYKaTa Ha MaKCHMajHa MOIIHOCT, CJeleHe Ha TOYKaTa Ha MOCTOSHHA MOLIHOCT U
cliefleHe Ha TOYKaTa Ha OrpaHuyueHa MourHocT. [IppBaTa OT TsIX Ce W3MOJ3BAa MAacoOBO, JOKATO
APYTHUTE JIBE Ca MPEIJIOKEHH OT aBTOPHTE C LieJ Jja MOraT [a Ce M3IMBbJIHIBAT U3UCKBAHHUSATA HA
omeparopa Ha pasnpenenuTennara mpexa. Mneure ca 3ammrenu ¢ marent [I11]. [Ipu nonabpprxane
Ha TMOCTOSIHHA MOIIHOCT C€ Cla3Ba 3aJaHKe Ha OnepaTropa, KOraro MbPBUYHHST MOTEHLHAT 'O
no3BosisiBa. [Ipu orpaHM4aBaHe Ha MOILIHOCTTA CE€ HM3HCKBAa M3XOASIIATA MOLIHOCT 1a Obae
OMpeZieJieH MPOLEHT OT MaKCHMAJHO BBb3MOXKHATa. TpuUTe CTpaTeriu ca HMILUIEMEHTHPAaHU B
yOpaBIsSBAIM CHUCTEMH, M3MOj3Bamu pasmuta joruka (Fuzzy logic) unmu mnpenedunmpanu
noBbpXHUHHU. [IpeacTaBeHn ca CUMYJTALOHHH PE3yJITaTH, MIIOCTPUPALIN KOpeKTHaTa padoTa Ha
MOJEJINTE U YIPABJISABALIUTE CUCTEMH MPU paboTa B TPHUTE PEIKUMA.

I'42. Kanchev, H., B. Frangois, Z. Zarkov, L. Stoyanov, V. Lazarov. Study of power
fluctuations and their compensation in a hybrid system with renewable energy sources,
Electrotehnica & Electronica E+E, 11-12, 2015, pp. 54-60. ISSN 0861-4717.

B cratusta e pasrienaHo KOMOWHHUPAHOTO BB3IACHCTBHE HA CIBHYEBHS U BSATHPHUS
NOTEHIMAJ M ChOTBETHO MPOHU3BEACHATa E€HEPrusi BbPXy paboTara Ha aBTOHOMHA XHOpUIHA
cHCTeMa 3a T€HEpUpaHe Ha EJNIEKTPUYECTBO OT BB30OHOBsieMH eHepruiiHu u3rtounnuu (BEW).
UscnenBanaTa cuctema BkirouBa @B reHepaTop, BATHPEH reHepaTop, TPU ra30BU MUKPOTYpOUHH,
yCTPOWCTBO 3a aKyMyJIUpaHE Ha €Heprus u ToBapu. IIpencraBeHn ca MaTeMaTHUECKUTE MOJEIH,
U3MOJ3BAaHN 32 OLEHKA HAa IbPBUYHUTE €HEPrMM M 34 HW3YHCISIBAHE HAa IPOHM3BEICHATA
eJIEKTPUYECKa €HEPTusl OT Pa3JIMYHUTE reHepaTopH. IIpencraBeH M alnropuTbMBT 32 €HEPrUeH
MEHMDKMBHT Ha XuOpuaHata cuctema. Llenra Ha TO3M airopurbM € Na IJIAHUPA U YTPaBJIsABA
paboTaTa Ha Ta30BUTE€ MUKPOTYPOMHM M aKyMyJHPAIIOTO yCTPOWCTBO, TaKa Y€ J1a C€ OCHIYPH
HETIPeKbCHATO 3axpaHBaHe Ha norpedurenute npu Munumanau emucuu Ha CO2. Tosa ce moctura
Yype3 HaMaJsiBaHe Ha MyCKAHMATA U CIIMPAHMATA HA Ta30BUTE MUKPOTYPOUHHU M ONTUMH3ALMS HA
MOIITHOCTTa, C Kosito paborar. IlpencraBeHm ca pe3ydaTaTd OT CHUMYJALHMH IPH Pa3IHIHH
pasmpeneseHHuss Ha MbPBUYHHUTE €HEPIUH, KaTO pPa3NpelesieHHEeTO Ha CI'bHYEBATa EHEPIHs ¢
€IHAKBO 32 BCHYKHM CHMYJIALIMH, TOKATO 32 CKOPOCTTA Ha BSTHPA Ca U3IMOJ3BAHMU TPH PA3IHIHH
pasmpeneneHus. AHAIU3BT Ha PE3YJITaTUTE TIO3BOJISIBA ONPEIEISTHE HA ONTHMATHUTE HHCTAJIMPAHH
MOIITHOCTH Ha BbB30OHOBSIEMHTE T'€HEPATOpH, B3€MalKH MPEABUI MBbPBHYHHS TOTEHUUAT H
TOBapOBUs IpaduK.

I'43. Zarkov, Z. DC-DC converter for interfacing PV panel to micro-inverter. Electrotehnica &
Electronica E+E, 9-10, 2019, pp. 161-168, ISSN 0861-4717

Cratust mpencrassi paspabotrkara u moneiupaHero Ha DC-DC mnpeoOpasysaren 3a
CBBP3BaHe Ha ThbHKOCIOEH @B Monyn kbM CTaHAAPTEH MUKPO-UHBEPTOp. MaesTa e na ce BKIr4Yn
cnenuanusupan usonupan DC-DC mpeobpasysaren karo untepdeiic mexxny ®PB moayn wu
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unsepropa. [IpeoOpasyBaressar e mpoeKTHpPaH Aa TpaHCPOPMHUPA BOIT-aMIIePHATA XapaKTePUCTHKA
Ha MaHeja, Taka Y€ HErOBOTO M3XOMHO HAMPEKEHUE /1a OTrOBaps HA W3UCKBAHUSITA HA HHBEPTOPA.
B®3 ocHOBa Ha MaTeMaTHYECKUTE MOJEIHM Ha OTACIHHUTE €JIEMEHTH € Ch3AaJeH CUMYJIALHOHEeH
monen Ha komOuHanusita ot manen, DC-DC mpeoOpasyeaten u ToBap B Matlab/Simscape.
Pesyntarure oT cuMynauuuTe AOKAa3BaT, Y€ MpeJIaraHusIT mpeoOpasyBaTes € B CbCTOSHHE Aa
afanTupa XapaKTEPUCTUKUTE Ha MOAYJIA KbM MUKPO-UHBEPTOP IPU PA3JIUYHHU METEOPOJIOrHYHU
yCIOBUs. XapaKTEepPUCTUKUTE HAa HM3X0na Ha mpeoOpasysatens mmat gopmara, HeoOXommma 3a
HOpMaJiHa paboTa Ha ajJropUThMa 3a ClIeACHEe Ha TOYKAaTa HA MaKCHMAaJIHa MOLIHOCT OT CTpaHa Ha
HUHBEPTOPA.

I'44. Spirov, D., V. Lazarov, D. Roye, Z. Zarkov, O. Mansouri. Modélisation des
convertisseurs statiques dc-dc pour des applications dans les énergies renouvelables en
utilisant Matlab/Simulink®. Conférence Electrotechnique du Future «EF 2009», Sep 2009,
Compiegne, France, pp., ISBN 978-2-913923-30-0

B crarusita ca npeacrasenu asa noaxona 3a mopenupane Ha DC-DC npeoGpasysatenu B
copryeprara cpema Matlab/Simulink. ITppBHAT MOmXOA H3MON3BA €KBUBAJCHTHH CXEMH Ha
npeoOpa3yBaTeuTe U ypPaBHEHUsS] C MPOMEHJIMBH Ha CbCTOSHHUETO 3a U3rPaKAaHe HA MOJICIUTE.
BropusT nmoaxon ce ocHoBaBa Ha OmOmmorekara Ha SimPowerSystems Ha Simulink, kosito
MO3BOJISIBA CH3[JABAHETO HA MOJEH Ype3 AUPEKTHO M34YepPTaBaHE HA €JIEKTPUYECKUTE CXEMU Ha
npeobpasyBarenuTe. 3a HenTa B OMOIMOTeKaTa ca MPeJOCTABEHH MOJIENU Ha PA3IUYHU €JIEMEHTH,
KOUTO C€ M3MOJI3BAT B CICKTPOTCXHUKATA U CICKTPOHUKATA — MACUBHU W AKTHUBHU, KAKTO U
AOMBJIHUTCIIHU MOIACIIN Ha PA3JIMYHU YIIpaBJIABallll U U3MEPBALIU YCTpOﬁCTBa. B cratusta e
OMHCAaHO M Opa3MepsIBAHETO Ha MACUBHHUTE eJieMeHTH Ha npeoOpasysarenute. [logxoaute ca
OHarJeeHu Ype3 ch3aaaenu moaenu Ha asa tTuna DC-DC mpeobpasysatenu - nosuinasani (boost)
u nonmxkaamo-nosumasany (buck-boost). IlokasaHu ca W HAYMHUTE HA MOJEIHUpPAHE Ha
yrpasieHueTo Ha npeobpasysatenure ¢ IIIMM u oOpaTHH BpB3KU MO TOK M IO HAMPEKEHHE.
[IpencraBenu ca pe3yJTaTv OT CUMYJALMUH, KOUTO Ca CPABHEHH C €KCIIEPUMEHTAJHH Pe3yJITaTh
OT U3CJIe[IBAHE HA UACHTHYHH MpeoOpasyBaresu. JloOpoTo chBIageHNe JOKa3Ba MPABIIHOCTTA HA
n30paHuTe MOAXOAH U BAIMIHOCTTA HA MOJEJIHTE.

I'45. Stoyanov, L., G. Notton, Z. Zarkov, V. Lazarov. Estimation de I’influence de 1’orientation
et de la technologie sur la productivité des modules photovoltaiques intégrés dans les
batiments. 7éme COlloque FRancophone en Energie, Environnement, Economie et
Thermodynamique - COFRET'14. Paris, CNAM;, 23-25 avril 2014. Actes du colloque,
Article 4/PF-073, pp. 809-815, ISSN 2269-1901.

B Tasu cratus € HampaBeHO CpPAaBHEHHE HA MPOU3BOAMTENHOCTTA HA TBHKOCJIOWHU
(OTOBONTAMYHM TAHENH, PA3MOJIOKEHH B pA3JIMYHU MO3MIHMH, KOHTO Ca BB3MOXHU IPH
uHTerpupaHero Ha @B manenu B crpaam ¢ Lel HamalsiBaHE HAa KOHCyMalUsiTa HA €HEPrust OT
eJIeKTpHYecKaTa Mpeka. B mpoydBaHeTo ca M3MONI3BaHM JieceT 00eKTa ¢ pa3inyHu reorpadcku
IIMPHHY, pa3nojoxeHd B CeBepHOTO NMOdykbiI00. M3cnensanero € HalmpaBeHO C J1Ba MOAXOA 3
W34YUCIISIBAHE HA C'IbHYEBATA paauaLus BbpXy NOBbpXHOCTTA HA DB Monynu. Ilpu nbpBus noaxon
Ce M3MOJI3BAa CaMO JUPEKTHATa CIBHYEBA pajualvs, a MNPH BTOPUsS MOAXOA C€ B3eMaT NPEABUL
mudy3HUTE U OTPa3eHUTE KOMIIOHEHTH Ha paananusaTa. Kato BXOJHHM NaHHU 32 M3UHUCIICHUSTA Ce
U3MOJI3BAT. TeOrpadcKOTO MOJNIOKEHUE, OPUEHTAIMATA HAa MAaHEJa, YaCOBOTO BpeMe, MUPEKTHATa
CITbHYEBA pagualys U TeMIepaTrypara Ha OKOJHUsA Bb3ayX. M3uncnsaBa ce nponsseneHara eHeprus
3a egHa TOAMHA CBbC CTBIKA €AWH 4ac. M3umcrneHumar ca HampaBeHH 3a 126 pasniuyHu
MIPOCTPAHCTBEHU OPUEHTALIMU Ha MOAYJIHUTE. Pe3ynaTaTure ca npeacraBeHy Kato 3D mMOBbPXHUHU.
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AHamm3bT TOKa3Ba, Y€ KOraTo Ce M3ION3Ba CIIbHUEBATA padualisl M3BBH arMocdepara,
ONITUMAJTHATA TIO3ULUSI TP BCUUYKHU CIIy4aH € C OpUeHTaLus Ha 1or. BbB Bropus ciny4ait nudy3Hure
U OTpa3eHUTe OT 3€MsTa CIBbHYEBU JBbUYECHHUs HaMalsABaT OTPULATEIHOTO BB3ACHCTBHE HA
OTKJIOHEHHETO OT ONTUMAJIHMS a3UMYT, HO BJIUSTHUETO HA HAKJIOHA Ce yBenudasa. Pesynrature ot
MPOYYBAHETO MO3BOJISIBAT HA APXUTEKTUTE U CTPOUTEIHUTE UHKEHEPH [a ONPEAETAT eHEPTUHHUS
nobueB Ha BrpageHuTe B crpagara ®B maHenw npu mpoW3BOJSIHA OPHEHTALUs] M reorpadcko
MOJIOJKEHUE.

r46. Zarkov, Z., V. Milenov, 1. Garciarena Martincorena. Study of Small-Power Wind
Generator with Single-Phase Grid-Connected Inverter. Proceedings of Challenges in
Higher Education & Research in the 21st century, vol. 13, June 2-5, 2015, Sozopol,
Bulgaria, pp. 135-140. ISBN 978-954-580-356-7

B Ta3u pabora ca moka3zaHHU pe3yJiTaTH OT M3CJIEABAHE HA MOJEN Ha BATHPEH I'EHEPATOp C
MaJIka MOINHOCT, CBCTOSIIl C€ OT. CHHXPOHEH TIeHEepaTop, H3MPaBUTEN, OTPAHUYMUTEN Ha
HarpeskeHue u enHodazeH WHBEpTOp ¢ GUITBP U TpaHcPOpPMATOp, CBBP3aH KbM Mpexara. B
nporpaMHusi npoaykt PSpice e ch3mameH CHUMyJTallMOHEH MOIEN Ha eNeKTpUYecKaTta 4acT Ha
BATBPHHS I'eHepaTtop. B MaikuTe BeTpOreHepaTopu € MPernopbYHUTENHO Ja Ce W3IOJ3Ba T.HAp.
OTPaHUYUTEN] HA HANpeKEeHUe, KOHTO Ce BKIFOYBA CJeNl TOKOU3IPABUTENA M UMa (YyHKIMATA /1a
npearnasu HHBEPTOPa OT HEOMy CTUMO BHCOKO BXOJHO HANPEKEHUE TPU OTIAalaHe Ha TOBAPA WUJIH
mpexara. Pa3paboTeHa, cuMyJHpaHa, TNpPOM3BENEHA M HW3MHUTaHA € EJNEKTPOHHAa CcXeMa Ha
OTPaHUYUTEN] Ha HANPEKEHHE 3a MAJIbK BETPOreHEpaTop. 3a YIpPaBJIEHHETO HAa CXeMaTa ce
U3M0JI3Ba XUCTEPE3NCEH PEryJiaTop ChC CIEASINO yrpasieHne. IIpoBeneHo € 1 eKCepIMEeHTAIHO
U3CJIeIBaHE BBPXY EKCIepUMeHTalieH cTeHa 3a pusmdecko monenupane Ha BEIIC. Cr3nanenusr
OTpaHUYUTEN] Ha HampekeHHne (QyHKIHOHHpA CIIOpEA OYaKBAaHUSTA, KaTO C€ Mojydasa J0OpoTO
CBBITAZICHUE MEKAY PE3YJITATHTE OT CUMYJIALIMATA M €KCIIEPUMEHTA PE3yJITaT JOKa3Ba MPaBUIIHATA
paboTta Ha pa3padOTeHHs KOMITIOTHPEH MOAEIL.

I'47. Kanchev, H., B. Frangois, Z. Zarkov, L. Stoyanov, V. Lazarov. Compensation of wind
power fluctuations in an autonomous hybrid system comprising a wind generator and
micro gas turbines. Fourteenth International conference on electrical machines, drives and
power systems ELMA 2015, 1-3 Oct. 2015, Varna, Bulgaria, pp. 131-138, ISSN: 1313-
4965.

Hacrosmara cratus npeacTass U3CAeABAaHE HA BIUSAHUETO Ha 3 CIydas Ha pasnpeneseHue
Ha BAThPHATA EHEPTUs BbPXY paboTaTa Ha aBTOHOMHA XHOPH/THA CUCTEMA C Ta30BH MUKPOTY pOUHHU,
BATHPHU F'€HEPATOPH U aKyMyJIHpaHe Ha eHeprusi. PaboTaTa Ha cucteMara ce CUMYJIUpa ¢ Pa3IndHA
BeTporerepaTopu ¢ MoIHOCT ot 30 no 60kW. Beuuku cimydyan U3mos3BaT €1Ha U Chilla KPHUBA Ha
HatoBapBaHe. [ImaHMpaHETO HA MOIMHOCTTa C€ U3BBPIIBA [0 MPEABAPUTENHO pa3paboTeH
AJITOPUTHM 32 BKJIFOYBAHE HA ra30BUTE MUKPOTYPOUMHU M aKyMyJIHPAIIOTO YCTPOWCTBO KAaTO Ce
W3M0JI3Ba JUHAMUYHO ontuMmupane. Llenra Ha onTuMu3anusTa € 1a c€ MUHUMHU3UPAT EMUCUUTE Ha
CO:z ekBUBaJIEHT 3a AeHOHOLMETO. Pe3ynTaTure OKas3Bar, ue U 3a TPUTE Ciydas Ha pasnpenesaeHue
HAa CKOPOCTTA Ha BATHPA, MHTETPUPAHETO HA MO-MOILLEH BATHPEH T'€HEPATOP B CUCTEMATa HAMAJIAIBa
KOHCYMHPaHOTO TOPUBO, HO TOBAa HE BUHATH BOAU 10 no-Manko emucun Ha CO2 ekBuBasieHt. Tosa
ce IbDKU Ha (pakTa, 4e B TAKMBa CIyYad ra30BUTE MUKPOTYPOWHH ca MPUHYIEHH na padoTsT C
MOIITHOCT MHOTO oA HoMHHAaIHaTa. OCBEH TOBA pe3yJITATUTE MOKA3BaT, Ye 3a ONTHMaliHa paboTa
Ha aBTOHOMHA XHOpHUIHA CHCTeMa BPh3KaTa Ha MbPBUYHUS PECYPC HA BH30OHOBsIEMAaTa €HEPTHsI 1
TOBapOBUSAT TpauKk HA KOHCyMalusiTa € OT TMO-TOJSIMO 3HAYEHHE OTKOJKOTO MPOCTOTO
yBEJIMYaBaHE Ha MOIHOCTTA HA F'€HEPATOPHUTE Ha Bb3OOHOBSIEMa €HEPTHSI.
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I'48. Zarkov, Z., V. Milenov. Wind turbine emulator with DC motor drive. Fourteenth
International conference on electrical machines, drives and power systems ELMA 2015,
1-3 Oct. 2015, Varna, Bulgaria, pp. 146-151, ISSN: 1313-4965.

B cratmsaTra e npeacraBeH pa3paOoTeH OT aBTOPHUTE JTAOOPATOPEH €MYJIaTOp Ha BATBHPHA
typouna (BT). Ilpemnasnauenuero Ha emynatopa Ha BT e na ce 3ameHm peajHaTa BSThpHATA
TypOMHA C eJNEeKTPUYECKH [BUTATEN, KOWTO 3a/JBHXKBA TeHeparopa B JabOpaTOpeH CTEHA 3a
m3cnensane Ha BEIIC. M3uckBaHusTa KM HETO Ca /1a C€ ABPKU KaTO HCTUHCKA BAThPHA TyOUHA,
KaTo OTpaboTBa MEXaHWYHHUTE M XaPAKTEPUCTHKH NPU 3a1afieHa CKOPOCT Ha BATbpa. ToBa e
MOCTUTHATO KAaTO 3aJIBUKBAHETO € OCBLIECTBEHO C ABUTaTen 3a nocrosiHeH Tok (IIT), koiito ce
3axpaHBa C EJEKTPOHEH MpeoOpasyBaTes, YNpaBisiBAH OT KOHTPOJEP C MOAXONALIN OOpaTHU
Bpb3KU. B cratusta ca npenctaBeHH M3MOJI3BAHHUTE MaTeMaTUYeCKHd MOJAENU Ha BATbpHATa
TypOWMHa, CHJIOBUS €JIEKTPOHEH IMpeoldpasyBaren M ABUraTelsl 3a MOCTOsiHEH TOK. PaspaboreH e
CHMYJIALIMOHEH MO Ha LEJIHsI €MYJIaTop, 3a€HO ¢ yrpasisaBamus koHTposep. C paspaboTeHus
Mojes Ha eMysiatop Ha BT ca npoBenenu penuia cuMyaliui Ipy pa3inyHa CKOPOCT Ha BATHpa U
pasjvueH TOBapeH MOMEHT Ha reHepartopa. lloka3aHu ca OCHOBHMTE pe3yJNTaTH OT Te3H
cumysaumu. HampaBeHa e cuMynanusi 3a CpaBHEHHE C pedepeHTeH HaealieH MOneN, 3a Jia Ce
OTIpeIeNId KaKBU OTKJIOHEHHUS OMXa Ce MOy YMIIN PH HAJTMYHE HA TPEIIKH B U3MEPEHUTE BEJTHUNHH
(TOK, CKOPOCT Ha BBPTEHE) M B 3AJOKCHUTE IapaMeTpH Ha IBUTaTelsl. Pe3yiaraTture OT BCHUKH
CHUMYyJIALIMU TIOKa3BaT, Y€ €MYJATOPBT C€ IBbpPXKH KaTO peajHa BATbPHA TypOWMHA W ClieaBa
MEXaHUYHUTE 1 XapaKTePUCTUKH MPU NPOMEHJINBA CKOPOCT Ha BATbHpA.

I'pyna E26. IlpusHatu 3aiBKHU 32 NATEHTH

IT1.Jlazapos, B., J. Cnoupos, 3. 3apkos, JI. CrosHoB. ,Cuctema 3a ympaBjeHUE Ha
U3XOMsIIaTa MOIMHOCT Ha (poToBonTanyuHa cucrema’. [latent Ne66503 B1, 31.08.2012.

Ilenta Ha M300pETEHUETO € 1A Ce Ch3MaAe AKTHBHA eJIEKTPUYeCKa CHCTeMa 3a YIpaBJIeHHEe
Ha M3XOZsILI[aTa MOLIHOCT Ha poToBOATanuHA cucTeMa. POTOBONITAMYHATA CHCTEMA € CBBP3aHa KbM
NPOMEHJIMBOTOKOBATA EJIEKTPUYECKa Mpeka Mpe3 CHCTeMa 3a YMpaBieHHe Ha HW3XOAsLlaTa
MOIIHOCT, ChCTOSLIA C& OT UHBEPTOP, 3aMacsBall0 YCTPOICTBO, CBbP3aHO HA BXOJAa HAa HHBEPTOpA
U VIOpaBJISIBAINO YCTPOHCTBO (KOHTposep). KoHTpomepbT ce ChCTOM OT CEH30peH OJIoK,
ympasisiBamy OJIOK 3a ONpenesisHe Ha 3aaHUeTO MO MOIIHOCT, OJOK 3a m300p Ha PEeKUM U
peryiatopu. BiokbT 3a u300Op Ha peKUM ompenens pekuma Ha padoTa Ha YIIPaBJISBALLOTO
YCTPOWCTBO M3MEKIY JBE BB3MOXKHOCTH. padoTa MPH MaKCHMaliHA MOIIHOCT KAaTO KJIaCHYecKa
cucrema ¢b¢ CTMM uyn paboTa ¢ MOITHOCT, TO-MaJika OT MakcuMaHata (pexum Ha CreneHe Ha
Toukara Ha Orpanmyena Momnoct — CTOM). U360pbT Ha pexum Ha padoTa ce mpaBu CHOpen
W3UCKBAHUSTA Ha €JIEKTPOEHEPTHIHMS CHCTEMEH OMepaTop M ChCTOSHHETO Ha 3amacsBaiioTo
ycrpoiicteo. [lpu mbBaIHO 3apekJaHe Ha 3amacsiBalloTO YCTPOMCTBO Ce MpPeMHHAaBa KbM
OrpaHMYaBaHe HA M3XOAHATA MOLIHOCT Ha (POTOBOJITAMYHATA CUCTEMA.

[TpenMCTBOTO Ha MPEIIOKEHOTO M300pEeTEeHHEe Ce ChCTOM BbB BH3MOKHOCTTA 32 IMJIABHO
peryiupaHe Ha MOIIMHOCTTa, OTAaBaHa B Mpexara or ®B wuHCcTanmanus, B ChOTBETCTBUE C
M3HCKBaHUsTA HA cUcTeMHUs onepatop. [TonoGHO perynupaHe € HeOOXOAMMO MPH HATUYHUETO HA
BHCOKA CJIbHYEBA pagUaLMsi, KOATO MpEArojara TrojsMO  eJIEKTPONPOU3BOACTBO  HA
(oToBONTAULIUTE, 1 OTPAHUUEHHE HA JIeKTpUYecKaTa MpeKa Jia oeMe TOBa MPOU3BOACTBO. Taka
OTHaBaHaTa B MpekaTa MOIIHOCT MOXKE Ja OTroBaps Ha 3aJaHHETO HAa CHCTEMHHs Omeparop,
NpEeOTBPATABANKN U3KJIFOUYBaHE HA MOJYJIH OT CUCTEMATa WJTH Ha Is1aTa CUCTEMA.
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I12. Jlazapos, B., JI. Cnupos, 3. 3apkos, JI. CrosHoB. ,CucTémMa 3a yIpaBjieHHE Ha
U3XOsINaTa MOIIHOCT BBB BETPOCHEpTHiiHA mpeoOpasysarenHa cucrema™“. IlateHt
Ne66506 B1, 31.08.2012.

I{enta Ha M300pETEHNETO Aa CE Ch3AAE EICKTPHUUECKA CUCTEMA 32 AKTUBHO YIIPAaBJICHUE HA
usxopsara momHocT Ha BEIIC. Berpoenepruiinata npeobpasyBareiHa CHCTEMa C€ ChCTOU OT
BATbPHA TypOMHA W €JNEeKTPUUYECKH reHeparop. Ts ce CBBp3Ba € eNeKTpUdeckarta Mpexka
MOCPEACTBOM CHCTEMa 3a YIPaBJIEHHE, CBCTOSINA C€ OT KOMOMHAIMS OT JBa EJIEKTPOHHH
npeobpasysarens: AC-DC u DC-AC mpeoOpasysaren. KbM MOCTOSHHOTOKOBaTa JIMHUS €
CBBP3aHO U YCTPOICTBO 3a 3aracsiBaHe HA CHEPTUS.

YpaBisBamoTo yCTPOHCTBO MOJdy4aBa HMH(POPMAIM 3a MOMEHTHOTO CBbCTOSHHUE Ha
cucreMarta (TOK, HaIlPEeKEHNE B TIOCTOSSHHOTOKOBHUSI KPBI, €IEKTPOMArHUTEH MOMEHT, CKOPOCT Ha
BBPTEHE Ha POTOPA, CKOPOCT HA BITHPAa U AP.) MOCPENCTBOM CeH30peH OJok. Bp3 ocHOBa Ha
CBCTOSIHUETO Ha yCTPOWCTBOTO 3a 3aracsBaHe HAa €HEeprus W Ha 3aJaHHeTO 32 MOIIHOCT Ha
CHCTEMHHSI OTIepaTop ce n30upa pexxum Ha padboTa ot 010ka 3a u3d0p Ha pexxiuM. Bp3morkHH ca 1Ba
peskuMa Ha paboTa Ha cHcTeMara 3a yIpaBlieHHe: a) CTAaHIAPTEH PEeXUM, IPH KOUTO ce TeHepupa
MaKCHMAaJTHaTa Bb3MOKHA MOIIHOCT MPH TEKyIaTa CKOpOCT Ha BAThpa (pexkum Ha CTMM) u 6)
OTpaHUYEH PEXXHUM, TIPU KOHTO ce TeHepHupa MOITHOCT criopen 3ananeHa ot EE cucremen oneparop
JOMyCTUMa TPAaHMLA 33 OTJABAaHE B Mpekara Ha MOIIHOCT IMOJ MaKCHMAaJlHATa W/HIH CIIOpen
orpaHudeHus pexkuM 3a pabora Ha Y3E (pexum Ha Crnenene Ha Touka Ha OrpannyeHa MoIHOCT
— CTOM).

[IpenuMcTBaTa Ha CUCTEMaTa, ChIJIACHO M300PETEHHETO, CE ChCTOST BbB Bb3MOJKHOCTTA 32
yIpaBIeHWE HAa M3XOJSIIaTa MOIIHOCT BbB BETPOCHEPruiiHa mpeoOpasyBaTesHa CUCTEMA C IIeJ
HEHHOTO OrpaHnuaBaHe, criopen 3aaaneHu or EE cucremen oneparop w/wnu Y3E ycnosusi. Takusa
yCJIOBHSI MOTAT J1a OBbJIaT BUCOKA CKOPOCT Ha BATHPA WM HEBB3MOXKHOCT Ha €HEPTUIHATA CUCTEMA
u Y3E na noemar MakcumanHata enekrpudecka MoinHoct ot BEIIC. Ilo To3um HauuH ce
NPEOTBPATIBA MOMEHTHOTO M3KIIFOYBAHE HAa BETPOrE€HEpaTopa U Ce yIbJDKaBa Heromata padoTa,
KOETO € CBBhP3aHO ¢ MKOHOMUYeCcKH moysn 3a cobcreennka Ha BEIIC 0e3 na ce Hapymasa 6anaHChT
Ha EE Mpeska n/mmm Ha KOHCyMaTop, KOWTO HE € CBbP3aH KbM MpekaTa.

I'pyna 3. Ilyosmkanuu B cnucanus ¢ umMnaxkT paHr (SJR)

S1. Zarkov, Z., L. Stoyanov, H. Kanchev, V. Milenov, V. Lazarov. Study of photovoltaic
systems’ performances with different module types. Materials Science Forum, Vol. 856,
2016, pp. 279-284. doi: 10.4028/www scientific.net/MSF.856.279, (SCOPUS, SJR=0,180)

B cratusita e mpeacTaBeHO TEOPETHYHO M €KCIIEPUMEHTAHO M3CJeBAHE HA CHUCTEMH C
(doTOBONTAMYHHN MOAYJIH, TPOU3BEACHHU 110 PA3IUYHU TEXHOJIOTUHU (KPUCTAIHA U THHKOCIOWHA) U
OT pa3jIM4HU MaTCpUaii — MOHOKPHUCTAJICH CPIJ'IPIL[PIfI, MOJIMKPUCTAJICH CPIJ'IPIL[PIfI, KaaAMUEB TCITY pUl,
MCAHO-UHAUCBO-TAJIMCB CCJICHUO W MHUKPOKPUCTAJICH CI/IJII/IL[I/Iﬁ n pa60TeH_[I/I npu C€AHAKBU
METEOPOJIOTUYHH yCIoBHs. EXCIepMMEHTHT € MpOBe/IeH Ha u3cienoBarencka miatgopma 3a OB,
pa3paboTeHa OT aBTOpHTE, PA3MOJIOKEHA HAa EKCIIEPUMEHTAJTHA TUTOIIAaKa 331 4-Tu OJI0K Ha OH30
no Texuuuecku yausepcuter-Codust. MI30paH € moaxosi MaTeMaTHIeCKu MOJIEN OT THIT "BXOJ -
mxon" 3a OmpenessiHe Ha K.IL.J. HAa MAHEJIWTE B 3aBUCHMOCT OT CI'bHYEBATA pagHalusi U
Temnepatypara. Ha 0Oa3ara Ha eKCreprMEHTAJHUTE AaHHH Ca ONpeneNieHH KoeQHLUUEeHTUTe Ha
MaTeMaTHYECKUsI MOJIEN 3a BCHUUKM HM3ciienBaHu TurnoBe @B nmanenu. Mopenst e Bepuduumpan
KaToO € M3YHUCJeHa eeKTpudyeckaTa MouHocT Ha @B renepatopu mpu AageHH METeOPOJOrMYHU
yCJIOBUS U € CpaBHEHA ¢ u3MepeHata. CpaBHEHHETO MEXKIY TEOPETUUHHUTE U eKCIIEPUMEHTATHUTE
pesyntatu moka3Ba n00pO HHMBO HAa CHBIAJCHHE CbC CPEOHO-KBagpaTH4YHA rpemka mox 3%.
Hamnpasenu ca cpaBHeHus Ha padotaTa Ha pasianmdHuTe @B reHepaTopu npu eaHN U ChINU PAOOTHU
ycaosusi. 3BoauTte ca, 4e Bb3 OCHOBA Ha PE3yJTaTUTE € TPYIHO 1a ce onpenenu kou tun OB
IIaHeJIn ca Haﬁ-e(l)eKTHBHH, TbH KaTO BCEKHM OT TIX IMOKa3Ba OonpeacicH NpeauMCTBa IMpPpU
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OTMpeNeieHd KIUMATUYHH YCJIOBHUs. [IpU HSAKOHM METEOPOJNIOTHYHU YCIOBHS THHKOCIOWHUTE
monysu (CdTe, CIGS u pucSi) ca KOHKYPEHTHH Ha Be4€ YCTAHOBEHUTE KPHUCTAJTHH CHJIMIINCBH
TEXHOJIOTHH.

S2. Stoyanov, L., Z. Zarkov, G. Notton, V. Lazarov. Comparison of thin film modules
productivity for building integration. Materials Science Forum, Vol. 856, 2016, pp. 309-314.
doi: 10.4028/www.scientific.net/MSF.856.309, (SCOPUS, SJR=0,180)

B cratusata € HampaBeHO CpaBHEHHE HA NPOU3BOAMTEIHOCTTA HAa TBHKOCIOWHHU
(OTOBONTAMYHM TAHENH, PA3MOJIOKEHH B pA3JIMYHU MO3MIHMH, KOHTO Ca BB3MOXHU IPH
MHTErPUPAHETO UM B CIPAaHU C LieJl HAMAJIABAHE HA KOHCYMAallUsITa Ha €HEePIrusl OT eJIEKTpUIecKaTa
Mperxa. B mpoydBaHeTOo ca M3MON3BaHU feceT 00EKTa C Pa3JInYHU reorpadCKu MUPHHU OT €KBaTOPa
70 MosApHUS Kpbr. 3a 126 pa3niuyHU OpUEHTALMU Ha MOBBPXHOCTTA HA MAHEJIUTE C€ ONpeNessT
IBa BHIA CJIbHUEBA pagualus — Ta3HW, W3BbH arMocdepaTa W CIbHYEBA PaaUaLUsl BbPXY
NOBBPXHOCTTA Ha 3€MSTa, KOSTO BKIOYBA JU(PY3HHUTE M OTPA3EHUTE OT 3€MsATAa KOMIIOHEHTH Ha
panuanusaTa. CTOMHOCTUTE Ha CIbHYEBATa pajgualvs U TeMIlepaTypaTa Ha OKOJIHaTa cpefa ce
BbBEXKIAT B MAaTEMaTHYECKHs MOAEN 3a onpenensHe Ha k.1.j. Ha ®B nmanenn. M3uucnena e
rofuuIHaTa MPOU3BEIECHA €HEPrus 3a BCAKO OT mnosokeHusita Ha ®B Moayau U 3a BCAKO OT
uscnenBaHuTe reorpadcku Mecra. PesynraTure ca mpeactaBeHH kato 3D MOBBPXHUHH B
3aBUCHUMOCT OT a3UMyTa U Bbrbjla HA HAKJIOH Ha naHenurte. IlaHemuTe OT MEJHO-UHINUEB CEJCHUN
(CIS) moka3Bat mo-rojisiM €HeprueH A00MB OT Te3H OT aMopdeH Si mopaau Mo-BUCOKHS CH K.ILI.
Koraro uma nudy3Hu u OTpa3eHH OT 3eMATa CIbHYEBH JIBUCHHUS, C€ HaMalisiBa OTPHUIATEIHOTO
BB3/I€MCTBUE HA OTKJIOHEHHUETO OT ONTUMAJIHUA a3UMYT, HO BJIUSHUETO HA HAKJIOHA C€ YBEIN4YaBa.
AMOPQHUAT CHITMLINIA UMa MTPEIUMCTBO, KOraTO HAKJIOHBT Ha naHenute € Mexxay 20 u 50°, nokarto
CIS e moaxoamsim 3a MO-roieMU HAKJIOHU. PesynratuTe OT NpOy4yBaHETO IIO3BOJISIBAT Ha
APXUTEKTUTE U CTPOHMTEIHUTE WH)KEHEPU 14 ONpPENeNiT CHEPruilHus NOOWB Ha BrPajeHHUTE B
crpanata (OTOBOJITAUYHH MAHEIH U [a THPCSAT ONTUMAJIEH N300p Ha Pa3MOJIOKEHHS U TUIT TTAHEJIH.

Cratun Ha KaHANJATA, IPUETH 3a NyOJUKYBaHe (He ca OMpa3eHu 6 CRUCHKA C
mMoyKume 3a U3NBbIAHEHUEe HA MUHUMAIHIUME U3UCKEAHUA)

[II11. Zarkov, Z., V. Milenov, 1. Bachev, B. Demirkov. Grid connected PV systems with single-
phase inverter. XI Hayuna xongepenuus bynE® 2019, Bapha, 11-14.09.2019. IIpuera 3a
nyonukyBaHe B IEEE Xplore Digital Library.

CraTusara npencrassi aHaIu3 Ha (OTOBOJNTAMYHA CUCTEMA, CBBP3aHA KbM €JIEKTpHUYECKaTa
mpexa. Cucremara € CbCTaBeHa OT: CTPUHT OT (POTOBOJITANYHU NAHEIH, €THO(A3eH TPAH3UCTOPEH
urBepTop, LC - QuaThp 1 HUCKOUECTOTEH TpaHCHOPMATOp, CBBbP3aH KbM MpekaTa. Cucremara ce
yIpaBJisiBa € aJITOPUTHM 32 CJIe/IeHe Ha TOUKaTa Ha MakcHMaiHa MoInHocT (Maximum Power Point
Tracking, MPPT) na ®B ctpunr. Cr3ganeH e noapodeH CuMyJIallMOHeH MOIeT Ha Is1aTa CHCTeMa,
BKJIFOUHUTEJIHO U ajJropuTMuTe 3a ynpasieHue. MsnonszsaHuar meron 3a MPPT e cmyiuenue u
HabmoneHue. [IpoBeneHo € cuMyJIAlIMOHHO M3CJICABAHE MPH MPOMsIHA HA CIbHUEBATA PaUaALUs U
pe3yaTaTUTe NOKa3BaT PEATHCTUYHO NOBeAeHNe Ha paspadorenus moxen Ha MPPT anropurbma.
Pesynrature OT cuMynauusATa ca CpaBHEHH C EKCIEPUMEHTAJIHU TECTOBE BBPXY pealieH
(doTOBONTANYEH MACHB ChC CHLINTE MapaMeTPH U € yCTaHOBEHO N00po chBraneHue. C momornra
Ha CUMYJIAL[UH U €KCIIEPUMEHTH € TOKa3aHO, Y€ U3XOAHUAT TOK Ha HHBEPTOpa Ce N3KpUBsIBA IOpPaaU
HECHHYCOMJIaJTHOTO HaINpe)XXeHNE Ha MpeXkaTa B TOUKaTa Ha CBbP3BaHe.

II12. Zarkov, Z., L. Stoyanov. Emulator of PV Panels for Laboratory Studies. XI Hayuna
koHpepenums bynE® 2019, Bapna, 11-14.09.2019. IIpuera 3a mybnukysane B IEEE Xplore
Digital Library.
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CratuaTta mpencTaBs peainn3alMATa HAa €MyJiaTop Ha (POTOBOJNTAWYHH TAHETH 32
nadopaTopHU u3ciensaHus. PasrienaHu ca pasiMuHUTE Bb3MOXKHOCTH 32 peaM3alis HA TaKbB
emynarop. EmymatopsT € wu3rpameH Ha 0a3aTa Ha MpOrpaMHpyeM 3axpaHBall HW3TOYHHK,
YIPaBJIsiBaH OT KOMITIOTBP. Y IPABJICHUETO CE U3BBPIUBA YPE3 AITOPUTHM, IPOrPaMHUpPaH B Cpeaa
LabVIEW. AnropuTbMbT H3M0JI3Ba MOAXOMAII MaTeMaTHdecku Moaen Ha @B nmaHen, OCHOBaH Ha
€THOANOIHA €KBUBAJICHTHA CXeMa. Y paBHEHHUsITA Ha Mozelia ce mporpamupar B LabVIEW cpena u
ce MpoBepsiBa Bb3MOXKHOCTTA 34 MOJIy4aBaHE Ha pa3nuyHU -V XapakTepuCTUKH, CbOTBETCTBALIU
Ha Pa3JIMYHU METeOPOJIOrnYHM ycinoBus. Hakpas npasuiHata paboTa Ha Chb30aACHUS EMYJIaToOp €
MIPOBEPEHA U WIIOCTPHUPA C EKCIEPUMEHTH C PA3IUYHU TOBAPH, KOUTO CIEABAT BOJT-aMIEpHATA
XapaKTEePUCTUKATA Ha CUMYJIUPAHUS MaHEN.

II13. Zarkov, Z., L. Stoyanov, I. Draganovska, V.Lazarov. The Comparison of different
approaches for solar radiation forecasting using Artificial Neural Network. XI Hayuna
koHpepenums bynE® 2019, Bapna, 11-14.09.2019. IIpuera 3a mybnukysane B IEEE Xplore
Digital Library.

Cratusita mpencTaBiisiBa HM3CJIEABAHE HA MHOrOCiOHHa HeBpoHHa Mpexa (HM) 3a
NPOTHO3MpPAHE Ha CIIbHUEBATA Paguallls 3a €MH AeH Hanpen. [Ipeanoxkenn ca mect KOMOMHALIH
C TPU pa3IMYHU BXOAHU TPOMEHJIIMBH M JBa pPa3jMYHU OpOsi CKPUTH clioeBe. BBB BCska
KOMOWHANUs OpOSIT HA CKPUTUTE HEBPOHM B CJIOEBETE CHINO Bapupa. M3XombT OT HEBpOHHATA
Mperka € JHEBHATa MPOMsHA Ha CI'bHUEBATA pagualvs 3a €IWH JeH Hampen. Pasrnexnar ce Tpu
pa3MYHA BXONHU Habopa - JHEBHA pagualus 3a MOCIEIHUTE WIeCT IHU, HCTOpPUYecKa
uH(pOpMAIUS 32 IPOTHO3UPAHUS ACH OT MOCJIEIHUTE IBe TOAMHH U UCTOpHYecka HHopMaIus 3a
MPOTHO3UPAHUS IEH OT M3MHHAJUTE YeTupu roaunu. Hail-noOpure pesynTaTu ce MojiydaBaT 3a
€THOCJIOCH MEPCENTPOH, KOraTo KaTo BXOAHH JAaHHH CE M3IIOJI3BAT M3MEPEHATA CITbHUEBA PalUaLHs]
3a MIeCT MPEeIXOAHU THU WM JaHHW 3a ChINUS JEH 3a JBeTe M3MUHAMM rofauHu. M3uucieHnarta
CpeIHO-KBaIpaTUYHA TpellKka 3a OnThMaiiHaTa kKoMOuwHamms e Mmexny 1,44% u 8,38%. Ilo-
3aBJIOOYEH aHAJIM3 HA CPABHEHUETO MEXAY M3MEPEHATa U NMPOrHO3MpPAaHATa CIIbHYEBA PaJHALIUs
NOKa3Ba, Y€ Mpe3 SICHUTE CIbHYEBH JHU TOYHOCTTA HAa MOJEJA € IMO-BUCOKAa W MPOoOIeMHUTE ce
HaOJTFOIaBAT PU HUCKA CIIbHYEBA PAAHALIHS.

[I14. Zarkov, Z., L. Stoyanov, 1. Draganovska, V. Lazarov. Application of ANN for solar
radiation forecasting - case study of Oryahovo. XI Hayuna xondeperuns bynE® 2019,
BapHna, 11-14.09.2019. IIpuera 3a nyonukysane B IEEE Xplore Digital Library.

Ta3u craTust mpencrassl NPHJIOKEHUETO HAa W3KYCTBEHM HEBpOHHH Mpexku (HM) 3a
NPOrHO3UpaHe Ha CibHYeBaTa paauanus 3a paiioHa Ha Opsixoo, bwarapusa. Ilperneast Ha
BB3MOXKHOCTHTE 3a IPOrHO3UpPAaHE HA CIBbHYEBATA paaWalys, KOUTO Omxa Morau aa Obaar
NPUWIOXKEHW 3a OIGHKa Ha TMPOAYKUUATA Ha (POTOBONTAMYHUTE CTAHLMWH, T[OKa3Ba, 4e
CTaTUCTHYECKUTE METOAM TOKa3BaT MNO-TOOpPH pe3yNTaTH 3a KPATKOCPOUHH IPEIBHKIAHUS,
OTKOJIKOTO (U3NYECKUTE M XHOPHOHUTE TEXHUKH. B JHENTHO BpeMe HaH-M3MOJI3BAHUSIT
CTaTHUCTUYECKHU MOJXOJ] € HEBpOHHATa Mpexka. B KOHKpeTHuUs ciydali € U3MoJ3BaHa Mpexka OT THI
MHOT'OCJIOEH TEpPCeNTPOH 3a MPOTHO3UpaHe Ha CJIbHYEBaTa pajualys 3a JAEeH Hampen 3a
pasrnexnanus o0ekT B OpsxoBo. 3a BXOAHH MapaMeTpu Ce€ HW3MOJ3BAa M3MEPeHaTa CIIbHYEBa
paauanms 3a [WecT MPeAUIIHU IHU. B pe3yaTtat Ha cumynanuute € yctaHoBeHo, ye HM ¢ 20 ckputu
HEBPOHA TIOKa3Ba Hail-goOOpOTO TMpenCTaBsiHE B CPaBHEHHE C OCTAHAJHUTE CTPYKTYPH.
CpenHokBagpaTUYHATA TPEIIKA B TO3U Ciy4aid € mexay 4% u 5%.

[II15. Stoyanov, L., Z. Zarkov, G. Notton, V. Lazarov. Design opportunities and building
integration. In: Energy Efficient Building Design, Springer, 2020. ITpuera 3a nybiukyBaHe.

Cratuara o0oOmaBa OMWT TNPENUINIHM W3CJIEABAHUS Ha aBTOPUTE B oOONacTra Ha
OTIPENeNITHETO HAa E€HEPrHMHHOTO NMPOU3BOACTBO OT HHTETPHPAHH B Crpaaute (HOTOBOJNTAMYHH
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na"enu u cucreMu. OCOOEHOCTTAa HAa Ta3W MHTETpaLUsl C€ ChbCTOM B TOBA, Y€ OPHEHTALMATA H
HAKJIOHBT Ha MaHeJIUTe MOoraT J1a ObJaT MPOU3BOJIHH B 3aBUCUMOCT OT PA3IOJIOKEHUETO U hopmara
Ha Crpagure. MeTOI[I/IKaTa H3M0JI3Ba KaTO BXOAHU JaHHU CIIBHYUCBATA pagualivdg U TEMIICpATypaTa
Ha BB3AyXa, KaKTO U FeOFpa(I)CKI/ITe KOOPAWHATHU HAa UHCTAJALUATA U OPUCHTALMATA U HAKJIIOHA Ha
na”eauTe. 3a ONpeAessiHe Ha MOIHOCTTA U €HePIUsATa ce U3IO0J3Ba peayupaH Moaen Ha ropuin,
NPEJIO’KEH OT aBTOPUTE B MpenuIIHy myonmukaiwn. [Ipennosxkenara METOONOT Ul € IPUIIOJKEHA 32
paznmuHn obexktu B CeBEPHOTO NONYKBJIOO, KAaTO Ce M3IOJI3BAT WACANU3UPAHU U PEANUCTUIHU
METEOPOJIOTUYHM JAHHM 32 CIbHYEBaTa panauanus. Msciensanero € HampaBeHO 3a MET Pa3JInYHU
Tna ®B MaHEH, MPOU3BECACHU I10 PA3JIMYHU TCXHOJIOTUHU OT Pa3JIMYHH MaTEPpHATIA (MOHO-, IIOJIN-
U MUKPOKPHCTAJICH CHIIULINH, METHO-UHIUEBO-TaTUEeB-CEJIEHUT 1 KaAMUEB-TeNypun). Pesynrarure
MOKA3BaT, Y€ HE MOXE Aa C€ AAaAaT YHUBEPCAJIHHU MPENOPBKU 3a ONTHMAIHATA OPUEHTALUS HA
naHenure. Pesynrature OT M34YUCIEHUATAa Ca BaJUAUPAHU C EKCIEPUMEHTAJIHH JaHHU OT
iatopmara 3a usciensaHe Ha @B cucremu B Texamdeckust yausepcureT - Codust U mokas3pat
100po MPUIOKPUBaHE Ha JHEBHA U MecedHa 0asa.

I'pyna E23. Ily0sinkyBaH yHUBEpPCUTETCKH YUeOHHK

V1. Jlazapos, B., 3. 3apkos, JI. CrosHOB. BB30OHOBsieMH €HEPTUHHM HW3TOYHULIUA U
enexkrpuuecku rereparopu. Copums, Asanrapn [Ipuma, 2013. ISBN 978-619-160-201-8

Y4eOHUKBT € CBhCTaBeH CBHIVIACHO JIGKIMOHHMS MaTephal Ha Kypca ,,Bb300HOBseMH
€HEepruilHu U3TOYHULIM U eNeKTPUUYECKU IeHepaTopu , KaTo BKJIIOUBA HSAKOU TEMHU U OT Kypca
,,CHJIOBH eNeKTpOoHHU mpeoOpasysatenu 3a BEW“ u e mnpenHasHayeH 3a CTYACHTHTE OT
MarucTbpcKara crenuanHocT , IlonyuaBaHe Ha eHEprHst OT Bb30OHOBAEMH €HEPTHIHN U3TOUHULN
B Enexrporexunueckus (axynrer Ha TY-Codusi. BHUMaHHETO € HACOYEHO KbM €JIEKTPHUYECKUTE
reHepaTopH, paboTemy ¢ Bb30OHOBAEMH €HEPTMHHH H3TOYHHLIM, KATO 32 ITBJIHOTA Ca AaIeHH
KpaTKM CBEACHUS 3a KJIMMATOJIOTHSTA W METEOPOJIOTMYHUTE HW3MEpPBAaHMs, 34 CIBbHYEBATA,
BATBpPHATA, BOJHATA, T€OTEpPMaliHATA M 3a EHeprusita Oor Omomacure. YUeOHUKBT OTpa3siBa
pasriekJaHeTO Ha TeMaTUKaTa B HAallaTa M 4yXAECTpPAHHATA JIMTEPaTypa, KakTO U HIKOU
W3CJIeIBaHNs HA aBTOpUTE. BKIIIOUEHN ca clieqHUTe OCHOBHU TeMU: EfekTpudyecku reHepaTopu 3a
BEU (xbaeTo ce pa3rieskaar BPTAIIH Ce eNeKTPUIeckn reaeparopu, @B renepatopu u cucremu,
BATBPHHU I€HEPATOPH, OCHOBHH THUIIOBE €JIEKTPOHHH NPeoOpa3yBaTesy, KOUTO C€ M3IONI3BAT BbB
obmactra Ha BEM, ropuBHU KJIETKH), €HEpPrueH oauT u xubpuaHu cucremu ¢ BEW.

I'pyna E24. Ily0iimkyBaHO YHUBEPCUTETCKO Y4eOHO mocodue

Y2. Jlazapos, B., 3. 3apkos, JI. CrosHoB. PpKOBOICTBO 32 a0OPaTOPHHU YHPAKHEHHUS IO
ekosiorusi U BB30OHOBsieMH w3TOUHMIM Ha eHeprus. Codwus, Asanrapa Ilpuma, 2013.
ISBN 978-619-160-196-7

PBKOBOACTBOTO € MpeaHa3HaueHOo 32 CTYACHTUTE OT OaKaJaBbPCKHsI KYyPC OT CIIELHATHOCT
,EnekrporexHuka“ Ha Enekrporexnudeckus ¢akynrer Ha TexHuueckus yHusepcureT - Codus.
BxiroueHn ca ynpaXHEHHUsl 3a. 3alO3HaBaHE C TEMAaTHKaTa, METEOPOJOTMYHU H3MEpPBAaHUs U
OLICHKAa HA €HEPTrUiiHMs MOTEHLHAJ] Ha MbPBUYHHUTE HU3TOYHULH, HU3CJIECIBAHE HAa BBPTAINU CE
€JIEKTPUUYECKU I'eHePaTOPH NP paboTa B aBTOHOMEH PEKUM U B Mapajiell C Mpekara, U3CIeIBaHe
Ha XapaKTEPUCTUKUTE Ha (POTOBONTAMYHH MMaHEIN; MOHUTOPUHT Ha XHOpuaHa cucrema ¢ BEW.
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O0o001eHne Ha MPUHOCUTE B HAYYHUTE TPYJOBe ¢ y4acTHeTO HAa KaHAMIATa,

NMpEeaACTAaBEHHU 3a YHaCTHE B KOHKYpCa

HscnensanusiTa B MPEACTABEHUTE HAYYHU TPYIOBE MOKE J1a ¢€ 0000IIAT B CIICHUTE TPY ITH:

1. N3caeaBane Ha  npouecuTre ¢ NPOM3BOAMTENHOCTTA HAa  BETPOEHEPruiiHH
npeobpasysartennu cuctemu (BEIIC).

1.1.

1.2.

1.3.

1.4.

LS.

1.6.

Hamnpasen e 0030p Ha cbBpeMeHHOTO cheTosiHue Ha BETIC u ca ouepTaHu TeHISHIUNUTE HA
TAXHOTO paszsutue. OnpeneneHu ca HacoKuTe 3a Opaemu nscueasaaus [128] .
Paspaborenu ca mMareMaTHYECKH M KOMITFOTBPHU CHMYJIALIMOHHU MOZENH Ha OTHEIHUTE
€JIEMEHTH Ha BETPOSHEPTHIHU NMpeodpasyBaTeTHH CUCTEMH ¢ rojisiMa (2-3MW) 1 ¢ manka
(mox 10kW) MormHOCT: BATBpHAa TypOWHA, MYyJITHIUIUKATOP, €NEKTPHYECKH T'€HEepaTop,
€JIEKTPOHHH NpeodpasyBaTey, aKy MyJIATOPH, TOBAPH U MOICUCTEMH 3a yripasierue [M1],
[M2], [M6].

Pazpaborenn ca IUIOCTHH CHMYJIALLMOHHH MOZENH Ha BETPOSHEPrHHHH TIpe-
obpaszyBarennu cuctemu ¢ royisima (2-3MW) u ¢ manka (o 10kW) MoIHOCT ¢ pa3inudHu
TUIIOBE reHepaTopH, paboTel CbBMECTHO ChC CUJIOBH €JIEKTPOHHU Npeodpa3yBaren, B
ABTOHOMEH PEKUM WJIH B IMapajen ¢ ejlekTpudeckara mpexka [M1], [M2], [M6], [T'1], [[2],
[['3], [T4], [T'18].

Cp3naneH e MeTON 3a OLIeHKa Ha BIUSHUETO Ha nHepLuoHHUTe Macu BbB BEIIC ¢ nBoiino
3axXpaHeH WHAY KIIMOHEH FreHepaTop BbPXy HelHaTta padoTa ¢ MakcumaHa MotHocT [I'35].
ITonydenu ca pe3yaTaT OT €KCIIEPUMEHTAIHU U3CIIEIBAHUS C €JIeKTPUIECKU NeHEPaTOPH,
eNIeKTPOHHM TMpeodpasyBarenu M CTeHnoBe 3a (Qusmyecko mopenupane Ha BEIIC,
pe3yaTaTuTe OT KOUTO JOKa3BaT aJIeKBATHOCTTA Ha pPa3pabOTeHHTE MaTeMAaTU4YEeCKH U
CHUMyJTaLMOHHU Mozenu. OnpeneneHn ca Ha 0a3aTa Ha €KCIIEPUMEHTAHN U3CJICABAHMA U
IaHHU OT MPOM3BOIUTENS 3aryOuTe B €IEKTPOHHUS MpeodpasyBaTesl U HErOBUAT K.ILJ. B
3aBUCUMOCT OT HaTtoBapBaHero [I'1].

Cp3mameHa METONOJIOTHA 32 €KCIEPUMEHTATHO M3Cle/IBaHe Ha 3aryOWTe B CHCTEMa Ha
IBOWHO 3aXPaHEH MHAYKLHNOHEH FeHePaTOp 3a€IHO C EEKTPOHHNUTE ITpeoOpasyBaTeNu MpH
Pa3IUYHU CTOWHOCTH HA CTATOPHATA MOIIHOCT U CKOPOCTTA Ha BbpTeHe [1'34].

2. M3caensaHe HA e1eKTPHYECKH MAIIHHH 32 BATHPHH I€HEPATOPH.

2.1

22

23.

24

25.

2.6.

IIpennokeHa € eKBUBaJIEHTHA MAarHUTHA BepUIra 3a U3cCjeBaHe Ha UHAYKTUBHOCTUTE NpU
reHepaTtopu ¢ HOKToOOpasHu momocu. CberaBeH € 3D Mozmen ¢ kpaliHH €IeMEHTH Ha
MaIlliHA ¢ HOKTOOOpa3HH NoJrocH. Jloka3aHa e Xuroresara, 4€ Ipyu CHHXPOHHUTE MAaIlUHH
C MOCTOSTHHU MArHHUTH, BKJIIOYUTEIHO U T€3U C HOKTOOOPA3HU IMOJIFOCH, HHIy KTUBHOCTTA
MO OCTa ¢ € MO-TOJIIMa OT UHAYKTHBHOCTTA 1O octa d [I'8].

Cp3naneHu ca Mojenyd Ha MHAYKLHMOHHA MalllMHAa C HAKBCO CHEAMHEH POTOP U C HaBUT
potop B Matlab/Simulink B koopanHaTHa cUCTEMa, BBPTSIIIA CE€ ChC CHHXPOHHA CKOPOCT U
C TOKOBE KaTo MpOMeHJIuBU Ha cheTosiHueto [['11], [['12], [['14].

Cp3mameH € anropurpM W MOIEN Ha CHHXpOHHa MamuHa B Matlab/Simulink ¢
MOTOKOCLETUICHUSI KaTO MPOMEHJINBU Ha ChCTOsTHUETO [[713].

PaspaboTenu ca cuMyIaliMOHHN MOZIEJIH HA aJITEPHATOP C €IEKTPOMArHUTHO B30y KIaHe
U Ha aiTepHATOp ¢ nocrosinHu marautu [[129], [[130].

Cp3naneH e anTepHaTop € MOCTOSIHEH PEAKO3EMEH MarHUT, KOWTO UMa OTJIMYHU NapamMeTpu
U MOKe J1a ObJie JOPa3BUT KaTO MPOAYKT 3a maszapa [['30].

JlokazaHa € BB3MOXKHOCTTA 32 M3MOJ3BAHE HA MOAU(UIMPAH ANTEPHATOP C TOCTOSHEH
maraut BB BEIIC ¢ manka MOIIHOCT B KOH(pWrypamuss C OWOACH H3MpPAaBHTEN U
eIIEKTPOHEH npeodpasysaren [M6].
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3. H3caensaHe Ha eJIeKTPOHHHU Npeo0pa3yBaTe i 3a NMPUJIOKEHUe NMPHU npeodpa3syBaHe Ha
eHeprusita ot BEU.

3.1.

3.2.

3.3.

3.4.

3.5.

3.6.

3.7.

3.8.

Paszpaboren e cuMynanMoOHeH MOpeN Ha akTUBEH TpudaszeH Tokoumsmpasuten ¢ LINM
CBBMECTHO ChC CHHXPOHEH I'€HepaTop, MpeaHa3HaueH 3a paboTa BbB BETPOTEHEPATOP C
MPOMEHINBA CKOpPOCT Ha BbpTeHe [['17].

Paspaborenu ca peraiinn3upaHu MaTeMaTHYECKH U CUMYJIALIMOHHU MOJENU Ha TPU TUIIA
nmapanenau DC/DC mnpeobpasysatenn ¢ 00O BXONHO M W3XOOHO HAIPEKEHUE,
VIIpaBJsiIBAaHU C Pa3MECTCHU BBB BPEMETO UMITYJICH, 3a npuiokerue BpB BEIIC [M4],
[M5].

HamnpaBenu ca cpaBHeHHMs Ha 0a3aTa Ha CUMyJallMM MEXIy CBOICTBAaTa Ha pPa3IMYHU
tunose napaneaan DC/DC npeoOpasysartenu ¢ orien Ha npuioxkenneto uM BB BETIC
[M4].

Paspaboren e momen B cpena Matlab/Simulink na emHodaszeH nHBEpTOp 3a BpB3KA C
Mpexxarta Ha reHeparopy, usnonssamu BUE. Jlokazana € Bb3MOXKHOCTTA 3a PEryaupaHe Ha
M3XOHATA MOLIHOCT B CHOTBETCTBHE C BXOJHATA, TAKa Y€ Ja CE MOAIBbPIKA CHEPTUIHHUST
Oamanc Ha cucreMata. [IpoBemeH € €KCIEPHMEHT, [AOKa3Ball aJeKBAaTHOCTTA M
npakTHYecKaTa IpUJIOKUMOCT Ha Mozena [I'9].

IIpennoxkeHa e cxemMa MW € pa3pabOTEH CHMYJIALMOHEH MOJAEN Ha OrpaHUYHTEe] Ha
Harpe)keHUe 3a MalbK BeTporeHeparop. Cb3ganeH € OrpaHUYUTENl Ha HAIMpEKeHHe 3a
MaJTBK BETPOTE€HEPaATOpP, KOMTO € BKJIIOYEH KaTO YacT OT CTeH 3a (PU3MUEcKO MOneInpaHe
Ha BEIIC [I'46].

Paspaboten e cumynaunoneH mozen Ha @B cuctema ¢ konTposep 3a MPPT ¢ exnodazen
UHBEPTOP, CBBbP3aH KbM eJeKTpuueckara Mpexka. C momomra Ha CHMYJALMH |
eKCTIEPUMEHTH € JOKA3aHO, Y€ U3XOIHHST TOK HA HHBEPTOPA CE€ U3KPUBSIBA HE CAMO TTOPAIH
HECHBBPLICHCTBATA HA HHBEPTOPA U  HErOBOTO YIIPAaBJIEHHE, HO W TOpPaaH
HECHHYCOMIATHOTO HAIPEXKEHUE Ha MpPEKaTa B TOUKaTa Ha cBbp3Bane [[1111].
IlpencraBena € HOBa uAaes 3a aAanTHPAaHE HAa XAPAKTEPUCTHUKUTE HA ThHKOCIOWHH DB
MIAHEJH C BUCOKO M3XOIHO HAIIPEKEHNE KbM CTAaHIAPTHH MUKPO-UHBEPTOPH MOCPEICTBOM
mexxauaeH DC-DC mpeobpasysaren. Cr3mnaneH e cuMynanuoneH Monen Ha ®B manen
3aenHo ¢ npenyokenuss DC-DC mpeobpasysarten [[43].

HamnpaseHo e cpaBHeHHE MEXTy Ba MOAXOAA 32 ChCTABSIHE HAa CUMYJIAIIMOHHU MOZEINH Ha
DC-DC mpeobpa3zyBarenu u TAXHOTO ynpasjieHue B cpena Matlab/Simulink. JlokaszaHo e,
4ye MOAEJHTE ¢ U3nona3BaHe Ha Oubnnorekata SimPowerSystems ca gaBat pe3yJTaTy, Mo-
Onmu3ku 10 peaiHUTE. MonenuTe ¢ M3MOJI3BaHE HAa MPOMEHIMBU Ha ChCTOSHUETO Ca IO0-
cXOnUMHU | paboTaT no-0bp30 [[44].

Cn3aaBaHe U u3cjeJBaHe HA AJITOPUTMH H CTPATErHH 32 yNpaBJieHHe HA MOIIHOCTTA HA
BATHPHHU IreHEPaTOPH.

4.1.

42.

43.

JleduHupaH € HOB HAYVH HA YIPaBJIECHHE HA MOIIHOCTTA Ha €JIEKTPUYECKUS T€HEPATOp BbB
BEIIC nmocpencTBoM eIeKTpOHHHS MpeoOpasyBaTen 3a Clie/icHe Ha TOYKa HA OrpaHUYEHA
MOLIHOCT IPH U3MOJI3BaHE CAMO Ha OTpejieieH MTPOLIEHT OT HaJINYHATa MOLIHOCT Ha BATHpa
[[2], [T'4]. Unesita e 3amurena ¢ nateHt [112].

HedunupaHo e yrnpaiieHHe Ha elekTpoHHus npeodpasysaten BbB BEIIC, mo3possiamo
paboTa Ha crcTeMaTa ¢ TIOCTOSTHHA MOIITHOCT MPH MPOMSTHA Ha CKOPOCTTa Ha BtThpa [[3],
[['16]. Unesra e 3ammrena ¢ marent [112].

Paszpaborenn ca Momenu Ha KOHTPOJIEp HAa MOIIHOCTTA 3a CIIeICHE Ha MaKCHMajHaTa
momHocT (CTMM) 1 KOHTpoJep 3a padoTa C MOCTOSTHHA MOIMHOCT ¢ HM3MOJI3BaHE Ha
pasmura jioruka 3a npuinoxenue BB BETIC [I'16].
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4.4

45.

4.6.

4.7.

438.

Cp3maneHn ca ajdropuTbM U CHUMYJALlMOHEH MOJEN] Ha IIbJHA BeTPOEHepruiiHa
npeoOpasyBaTesiHa CUCTEMA ¢ ABOWHO 3aXpaHeH WHIYKLIHOHEH reHepatop. Cpr3maneHu ca
AITOPUTMH W MOJENN Ha YIpaBsiBAIlM CHCTEMH, OCHIypsiBalld 3a paloraTa Ha
BETpOreHepaTopa ¢ MakcumaHa momHocT [['18].

PaszpaboTten e anropurbM 3a OmpeneNsHe Ha ONTHMAJHUTE 3a/aHUsl 32 TOKOBETE HA
reHepatopa B dq KOOpAMHATHA CHUCTEMA 34 PEANM3MPAHE HA CTPATErHs 3a YIPaBJICHHUE C
MaKkcHUMasieH MOMeHT 3a amriep (MTPA), KOHTO € BKJIFOYEH BbB BEPUTaTa HA PEryJIaTOPUTE
Ha BBPTSII MOMEHT U HAa TOKA HA CHHXPOHEH reHeparop [M1].

Paszpabotenn ca mporpamMHH peanu3aldil HAa alrOPUTMHU 32 CJENeHe Ha TOYKaTa Ha
mMakcumanHa MomHoct (MPPT) Ha BsiThpHa TypOMHA 4pe3 aBa METOAA. C ONTHUMAJIHO
ckopoctHo otHoweHue (TSR) u ¢ onrumanen moment (OTC) [M2].

JlokazaHO e, 4e NpU yIpaBlieHHE Ha BBPTALIUMS MOMEHT Ha CUHXPOHHHS I'eHepaTop C
U3II0JI3BaHE Ha CTpaTerusiTa 3a MakCUMAaJeH MOMEHT 3a aMmIlep Ce MOCTUraT NO-MaJKu
eJIEKTPUYECKH 3aryOn B CpaBHEHHE ChC CTPATETHsITa C HyJIeB TOK 1o octa d [M2].

Ha 6a3aTta Ha cuMyJauuu U CpaBHEHHUS € IOKa3aHO, ye m3nonzBaHeTo Ha TSR merona 3a
MPPT Boxu [0 MHO-rojisiIMO KOJNWYeCTBO Npou3BeneHa enektpoeHeprus ot BEIIC B
cpasHerue ¢ meroga OTC, HO TOBa € CBBpP3aHO C MHOIO-INO-TOJEMH AMHAMHYHU
HAaTOBapBaHUs Ha TypOuHaTa U reHepaTopa [M2].

H3cnensane Ha (pOoTOBONTAHNYHM NMAHEIH H T€HEPATOPH.

5.1

52.

53.

54.

5.5.

5.6.

5.7.

5.8.

IIpennoxkeH e MaTeMaTHYECKU MOJEN 3a M34YUC/IsIBAaHE Ha K.IILA. U MoIIHOCTTa Ha @B
NaHeNH, KOWTO € OCHOBaH Ha Mojena Ha [fopui, HO € mpeHeOperHaTo BIMSHUETO Ha
BB3yIIHATA Maca. JlokazaHo e, 4e pa3padoTeHUsT MojeNn padoTH ¢ MHOTO 100pa TOYHOCT,
0e3 ma e HeoOXOAMMO Aa ce TMO3HaBa TOYHOTO aCTPOHOMHYECKO BpeMe M reorpadcko
nonoxeHue Ha OB uncrananus [M7], [M8], [S1].

Ha Oa3zata Ha eKCnepUMEHTAJIHM JAaHHU Ca OIpPEINENICHH EMITUPUYHH KOe(PHULHUEHTH,
HEOOXOIUMH 3a NPWJIAraHeTO Ha pa3paboTeHHsT MOAEIN 3a TEOPETUYHO H3YHCISIBAHE HA
K.ILJA. ¥ MOIIHOCTTA, 32 @B maHenu oT wiecT pa3jMyHU TUIIA, KOUTO Ca MPOU3BEIEHH 10
Pa3IUYHU TEXHOJIOTUU U OT pa3nudHu Matepuanu [MS8], [M9], [S1].

Paszpaboten e momxon 3a omperensHe Ha TeMIepaTypHUs KoepUIMEeHT Ha K.1.1. Ha OB
naHenu Ha 0azara Ha ekcriepuMeHTaHu qanHau [M8], [S1].

Pazpaboten e MmaremaTHuecku MozieN Ha eqHO(a3eH HHBEPTOP 3a Bpb3ka Ha OB reneparop
C Mpe’kaTa, KOHTO M3YUCIIsIBA K.I1.JI. M U3XOASIIATa MOLITHOCT B 3aBUCUMOCT OT BXOASILATA
MOIIIHOCT Ha WHBepTOpa [MS].

Cp3naneHa e METOAMKA 32 U3UUCISIBAHE HA FeHepHpaHaTa MOIIHOCT BbB @B nieHTpana kato
Ce M3YHUCNsABA M3XOJHATa MOIIHOCT Ha OTAEJIEH CTPUHI, MOCTOSHHOTOKOB €JIEKTPOHEH
npeoOpasyBaTes, MHBEPTOpP U Ha Iisutata nenTpana [[32].

Paspaborenu ca Monenu ¢ HEBPOHHH MPEXKU 3a MPOTHO3UPAHE HA CI'bHUYEBATA PaJHALIUS
3a eluH JeH Harpea. MonenbT JaBa Bb3MOXKHOCT 3a MPOTHO3MpPaHe M Ha IeHepupaHaTta
MOIITHOCT Ha MAJIKH WJIH rojieMH (POTOBOJTAMYHH CUCTEMH 32 €AVH JeH Hampexa Ha Oa3ara
Ha JaHHM 3a npenuwnnute mwect nau [[1113], [TII14].

Ha 6asara Ha exCriepuMeHTAIHHA U CUMYJIALIMOHHU U3CIIEBAHMS Ca HAIIPABEHU CPaBHEHUS
Ha MPOM3BOAUTENHOCTTA U M3BOJU 3@ BIMSHUETO HA METEOPOJOTHMUYHUTE YCIOBUS BbPXY
paborata Ha paznuunuTe TUNoBe OB Manenu [M8], [M9].

Pazpaboren € maremMarHyecKd W CHUMYJALMOHEH MOJEN 32 HW3YHCISBAHE Ha BOJT-
amriepHuTe xapakrepuctuku Ha @B nanenu u @B reneparopu npu 3aJafeHd HHTEH3UTET
Ha CJI'bHUEBOTO JIbUEHHE U TeMIlepaTypa Ha kieTkuTte. MonensT e BanuaeH 3a @B naneny,
KOWTO Ca IPOU3BEACHH 10 PA3JINYHU TEXHOJIOTHUH U OT pa3andau Matepuanu [M10], [I21].
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509.

Pazpaboten e noxxon 3a onpexnensiHe Ha K.11.4. Ha PB manenu npu npous3BoiaHU paboTHU
ycJIoBHs (CI'bHUEBA paiuaLisl U TEMIIEPATypa Ha KJIETKUTe) Ha 6a3aTa Ha MOZeNa Ha BOJIT-
amriepHuTe xapakrepuctuku [M10].

5.10.Cwp3naneHa e MeTOAMKAa 3a CpaBHEHHE Ha NpOM3BE[eHaTa eHeprus oT pasiauuHu OB

5.11.

MHCTAaJIALUU 32 UHTETpUpaHe BbB (pacaauTe Ha Crpaay, OCHOBABAIA CE HA. METOJUKA 34
ONpefessHe HAa pPeajHoO MOJy4YeHaTa OT MOAYJIMTE CI'bHYE€BA pPajvalus U METOAMUKA 3a
ompenensiHe Ha mpousBeneHata eHeprus oT ®B mopynu [[25], [['45]. Tlonydenu ca
pe3ynTaTu 3a eHepruiiHust noOWB OT MOHOKpUCTanHu cuannuesn ®B manenmu npu
pa3iauaHu opueHTamu Ha 10 Mecta o 3eMHOTO Kbj100 [[45]. [loyyenu ca pesynratu 3a
eHepruiiHus JOOUB OT /1Ba THIA ThHKOCIOWHN @B manenu npu 126 pa3nnyHu OpUEHTALIIH
Ha 10 Mecta o 3eMHOTO Kbj60 [S2], [TITIS].

IIpoBeneHn ca TEOPETUUYHHM U EKCIEPUMEHTAJHU CPAaBHUTEJIHH U3CJIEABAaHUA Ha
XapaKTePUCTUKUTE HA PA3TMYHU TUTIOBE (POTOBOJITANYHH TTAHETH U TeHEePaTOpH, paboTeu
npu enHaksu yciosus [M8], [M10] [I24], [IT'36].

6. C'b3[laBaHe H U3CJI€ABAHEC HA AJITOPUTMH H CTPATEIrdH 3a YIIPABJC€HHE HA MOIIIHOCTTA HA

(poToBONTANYHH FeHEPATOPH.

6.1.

6.2.

6.3.

Cp3maneH e MeTOq 3a CJIEICHE Ha TOYKATa HA MaKCHMAJIHA MOIIHOCT 4Ype3 YIPaBJIsIBALIH
NOBBPXHUHU C OTYUTAHE Ha M3MEHEHUETO Ha CIIbHUEBATA PaJHallisl U TeMIIepaTypaTa Ha
okonHarta cpena [[121], [[41].

Cp3maneH e peraiyieH CHMyJIAallMOHEH MOneN Ha (POTOBONTAMYHA CHCTEMA, CBBP3aHA C
Mperara, 3aeqHO ¢ yrpasieHnero. Ch3IageHd ca M ca W3CJICABAHM JIBa aTOPUTHBMA U
MOZIENId Ha CBHOTBETHHTE MM KOHTPOJIEPU 3a CIIEICHE Ha MaKCHUMallHaTa MOIIHOCT,
OCHOBAHU Ha npeneuHIpaHu KPUBH U ¢ pasmuTa Joruka (Fuzzy logic) [[22].
IIpennokeHa e crparerus 3a OrpaHUYaBaHe Ha M3XOZAIIATa MOLTHOCT Ha (poTOBONTANYHA
cucreMa. PaspaboreHu ca nBa momxoda 3a IMOCTHTAHE HA Ta3W LN - C MPEIBAPUTEIHO
U3BECTHH TAOJUIM Ha MOINHOCTTA, NMPH KOATO c€ PabOTH C OmpeaesieH MPOLEHT OT
HAJIMYHATA MaKCHUMallHA MOIIHOCT U ¢ pasmuta joruka (Fuzzy logic), mpu kosTO ce
MONIbPKa MOCTOSIHHA M3XOJHAa MOINHOCT Ha cuctemara [[23]. Hpesta e 3amuTeHa ¢
natent [I11].

7. M3caenBane Ha XuOpuaHH cuctemu, uznosssamu BEU.

7.1.

7.2.

7.3.

7.4.

PazpaboTten € HOB MOOXOA 3a M3CHENBaHE M Opa3MepsiBaHE Ha XUOPHIHU CHUCTEMH C
BATBPHU H (POTOBONTAUYHU TE€HEPATOPH, KOWTO € OCHOBAaH HAa H3MOJ3BAHETO HAa
oTHOcuTeNHU enuHuUM. [logxoasT naBa BB3MOXKHOCT Aa Ce€ IMPaBsT CPaBHEHMs U Aa ce
TBPCH ONTHUMAaJIHA KOHQUIypauus Ha cUcTeMara, Oe3 Ja Ce HW3IOJI3BAT KOHKPETHHUTE
CTOHHOCTH Ha MOIIHOCTTAa M €HEPrHsiTa, KakTo M 0e3 Ja ce 3ajaraT KOHKPETHH MOJEIH
BATbpHU U DB reneparopu [['5], [I'37].

O0600uIeHn ca MHOXKECTBO M3CJIEABAHUS MO TEMATA U Ca MPENCTABEHH OMUTHU PE3yJITaTH,
KOHUTO MOKa3BaT, 4e ¢ MPaBUIIHO Opa3MepPeHH MOLIHOCTU Ha FeHepaTOpUTE U CEJEKTUBHO
U3KJIFOYBAHE HA HSAKOW TOBapH, MOXE Ja Ce MOCTHrHe crabwiHa pabora Ha XHOpHIHA
cucrema ¢ BEU B aBara pekuma Ha paboTa: IbJIHA aBTOHOMUS WIJIM TIPH CBBP3AHOCT C
enexTpuaecka mpexa [['10].

HampaBeno e 0030pHO wu3cienBaHe Ha Bb3MOXHOCTHTE 32 HW3IIOJNI3BAHE HA
CYMEePKOHICH3aTOPH 3a KoMITeHcHupaHe (hiykTyauunte Ha MomHocTTa oT BUE [['15].
Paspaborena e MeToMKa U €KCIIEPUMEHTAIHA TOCTAHOBKA 32 OTIPE/ICIISIHE Ha ITapaMeTPUTe
Ha CYTNEePKOH/ICH3aTOp U Ha 3aMecTBalllaTa eKBUBaJICHTHA cxema [['19].
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7.5.

7.6.

7.7.

Pazpaborena e crpareruss 3a KOMIIEHCHpaHe Ha (PIyKTyauuTe Ha MOIIHOCTTA HA
BETPOreHepaTop C TMOMOINTa HAa aKyMyJaTop M CyNepKOHAeH3arop, padoremu
eqHoBpeMeHHO. Ch3AaieH € CUMyJIaLIMOHEH MoieN Ha cuctemarta [120].

Pazpaboren € anropureM U € CB3AaAeH CHMYJALMOHEH MOJET Ha CHUCTeMa 3a
KOMIIEHCHpaHe Ha (PIyKTyaluuTe Ha MOIIHOCTTA Ha (POTOBOJTANYHA CUCTEMA C TIOMOIITA
Ha cynepkoHaeHnsarop [1'40].

Paspaborenn ca anropuTmu, Criopen KOMTO C€ M3YHCISIBAT 3aJaHMUATA 32 MOIIHOCT Ha
KOMITEHCHPAIIUTEe U3TOYHHULIN B XuOpuaHa cuctema ¢ BEW npu npomsiHa Ha TbpBUYHUTE
eHepruu (BSAThP M CIBHIE), Taka Y€ Ja C€ INOCTUTHE HENPEeKbCHATO 3aXpaHBaHE Ha
TOBapuTe Npu MUHUMAaJHU emucun Ha CO2[1'42], [T'47].

Cp3paBane Ha HayyHa HHQPaCcTPyKTypa 3a H3cCJeIBAHHUS H3CJeIBAHe HA BeTpPOEHep-
TUiTHU U (POTOBOJITAMYHHU CHCTEMH B JIA00PATOPHM M MOJI€BH YCJIOBHS.

8.1.

82.

8.3.

84.

8.5.

8.6.

8.7.

8.8.

89.

Ch3mganeHn ca MOZIENH M Ca PealTM3UpPaHH JIBa €MYJIaTOpa Ha BATBPHU TYpOUHH, KOUTO Ca
BIPaZICHU KaTO €JIEMEHTH OT JBa cTeHAa 3a (pmsudecko monenupane Ha BEIIC. Jlokasana
€ Bb3MO)KHOCTTA peasiHaTa BATbpHA TypOuHa B 1abopaTOpHU yCIoBHs 1a ObIe 3aMEHEHa C
€JIEKTPUUECKHU ABUTATEN ¢ moaxoasmo ynpasnenne [[39], [['48].

PazpaboteH e crenn (pusndecku Moe) 3a CUMyJIUpane Ha paboTaTa Ha BETPOCHEPTUITHA
npeoOpasyBaTesiHa CUCTEMa CbC CUHXPOHEH I€HepaTop C €IeKTPOMArHUTHO BB30YyKIaHe
U eNIeKTPOHHHU TipeoOpasysatenu [M3], [[38].

Paszpaborenn ca nmporpamu, paboTeIny B peajiHO BpeMe 3a YIPaBJICHHUE Ha MOIHOCTTA Ha
BEIIC. ITony4enu ca pe3yaTaTl OT €KCIIEPUMEHTATHU U3CJIEIBAHUS, KOUTO MOTBbPKAABAT
alIeKBaTHOCTTA Ha pa3paOOTEHUTE aJrOPUTMH M MOIEIH 3a YIpPAaBICHHE, KOUTO Ca
npunoxxumu 3a BEIIC cvc cuaxpoHHu reneparopu [M3].

Co3mafieH e eKCriepUMEeHTAJIeH CTEeH] C anTepHaTop 3a ¢pusnuecko moaeaupane Ha BEIIC
C MaJIka MOIIHOCT ¢ eJIeKTpOHHH npeodpasysarenu [MS5], [1729], [[30].

Cw3manen e crenn 3a ¢usmuecko monenupane Ha BEIIC cbc CHHXpOHEH reHepaTop ¢
NOCTOSIHHU MarHUTH, H3MPaBUTEN U eAHO(pa3eH HHBEPTOP, CBBP3aH ¢ Mpexara [[31].
Ce3mamena e mnargopmMa 3a EKCIIEPHMEHTAJNHO H3CieABaHE Ha (POTOBOJITAMYHH
reHepaTOPH C MHBEPTOPH, CBBP3aHM KbM Mpekara, U paboTely NMpU PeajHu yCJIOBHSL
[Tnardopmara e pasnosnoxkeHa Ha ExcniepuMenTaiHa miomanka 3a usciensane Ha BEU Ha
Texunuecku yausepcurer-Codus [M8], [[26].

Brenpena e yHukaiaHa 3a cTpaHaTa MUKPOIIPOLIECOPHA CUCTEMA 3a YIIPABJIEHUE B pPeaHO
Bpeme Ha nponecute BbB BETIC 1 3a cbOnpane Ha nanHu B tabopatopHu yciosus dSPACE
[M3], [M11].

Cp3naneH e MaTeMaTHUECKH U CUMYJIALIMOHEH MOJIe]l Ha yCTPOICTBO 32 CHEMAaHE Ha BOJIT-
amnepHu xapakrepuctuku (BAX) Ha ®B maHenmu upe3 3apexnaHe Ha KOHAEH3ATOP.
Peanusupana e cucrtema 3a aBroMaTuzupano cHemane Ha BAX na ®B manenu 3a Tok no
10A u nanpexxenue go 100V [I27].

Cp3maneH e CTeHA 3a EeKCIEePUMEHTATHO H3ClenBaHe Ha (POTOBONTAWMYHU TMAHENU B
nabopaToOpHHU yCIIOBUS Upe3 U3KyCTBEHO ocBeTsiBane [[33].

8.10. Pa3paboren e emynarop Ha @B maHenu, KOWTO MO3BOJISIBA CUMYJIMpaHe Ha padorata Ha

O®B nanenu B jadoparopuu ycnosus [[1112].

8.11.Cp3mazmeHa € OmMMTHA TMOCTAHOBKA 3a M3CJEABAHE BB3MOXHOCTHTE 32 KOMIICHCHPAHE

¢daykryanuute B MommHocTTa OT BUE cbe cynepkonnensatopu [[20].
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9. MU3caeaBaHe HA eJleKTPUYECKH MAIIMHH U CHCTEMH 3a 3aBH/KBaHe 32 eJIeKTPHUYECKH U

XUOpPHUAHH ABTOMOOHJIH.

9.1. Pa3zpaboTeH e KOMIUIEKCEeH TIOAXO 32 MOJIEIHPAHE U CHMY JIAIIHsI Ha 3a/IBFKBALIN CUCTEMU
CbC CHHXPOHEH [BUTaTe]l C IMOCTOSHHU MArHUTH, €JEKTPOHEH mpeodpasyBaren Hu
ynpasisiBamia noacucremMa. Pa3paboreH e Is10CTeH CUMy JTALIMOHEH MOJIEN Ha CHCTEMATa,
KOMTO MO3BOJISIBA HEWHOTO M3CJIEBAHE B PA3JIMYHU peXMMU Ha paborta. PaspaboreH e
monen Ha ympasneHune Ha CJHIIM ¢ npunaraHe Ha KOMOWHAUMS OT JBE€ CTPATETHH:
MaKCHMaJieH MOMEHT 3a aMIlep B [IbpBa 30Ha U KOHCTAHTHO HAIIPE)KEHHUE U KOHCTAHTEH TOK
BbB BTOpa 30Ha. JlokazaHa € XumoTes3aTa, 4e ABUraTe]l C IMOCTOSHHHU MarHUTH CbC
CHHYCOUIAITHO pas3mnpexneneHne Ha marHuTHOTO mnone u EJIH moxe na pabotu m karto
BAIIT, Ho ¢ mo-aucku napametpu. [I'6].

9.2. IIpeanokeHo € yChbBbPLICHCTBAHE HA CHIIECTBYBAIL AHAIUTHYEH METOA 38 U3UMCIISIBAHE
Ha Koe(hULIMEeHTa Ha TIOJIETO B CHHXPOHEH JIBUTATEIN C TIOCTOSTHHA MATHUTH YPe3 BKIFOYBAHE
Ha JAOIMBJIHUTENEH 4YJIeH, OTUMTAIl BJIMSHUETO Ha 4YeCTOTaTa BbpPXY LHUPKYJIAlMOHHUTE
TOKOBE B HAMOTKa C NapaJieJlH1 KJIoHOoBe. [lonyueHn ca U34UCIUTENHU U CUMYJIALUOHHU
pe3yJITaTH 3a BIMUSHUETO HA PAa3JIMYHU MapaMeTpUu Ha HaMOTKaTa M 4ecToTaTa Ha TOKa B
Hesl BbpXY KoedunuenTa Ha nojuero [I'7].

[IpuHOocHTEe MMaT M OOpa3oOBaTeNeH aCMeKT, 3alIOTO MPH OOYYEHUETO Ha CTYAEHTUTE IO
mucuuruinHuTe, 3acsramm BEWM u mpeoOpasyBaHeTo Ha €Heprusra, C€ H3IMOJ3BAT HSIKOH
00pa3oBaTeNHU MOXBATH M HAYYHO-TEXHUYECKH IMOCTHKEHUS, TUCKYTHPAHU B CTATUUTE.
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SUMMARY

of scientific publications with the participation of Assoc. Prof. Dr. Zahari Zarkov
presented for participation in competition for academic position "professor" in the
professional field 5.2. Electrical Engineering, Electronics and Automation,
specialty “Electric Machines”, announced in State Gazette issue 93/26.11.2019

For the participation in the competition are presented 78 scentific publications of the applicant,
which include:

e for the fulfilment of Group B indicators as equivalent to monograph, are presented
11 articles indexed in SCOPUS;

e for the fulfilment of Group D indicators are presented 8 publications, indexed in
SCOPUS (one of which has SJR by ScimagoJR), and 40 publications in non-refereed
scientific peer-reviewed journals;

e for the fulfilment of Group H indicators are presented 2 articles published in journals
that have SJR by SCOPUS;

e there are also 5 articles that have been accepted for publication, not included in
Group D points;

e 2 recognized patents;

e 1 university textbook;

e [ university learning manual.

Of the scientific publications, 17 are in Bulgarian and 57 are in English. They have been
published in international and Bulgarian scientific journals and periodicals, as well as in collections
of scientific papers in foreign, international, national and university scientific forums.

International scientific papers have been published in international publications (Material
Science Forum, Springer) and in proceedings of international scientific conferences - International
Power Electronics and Motion Control Conference EPE-PEMC 2010, 2012, 2016, Conférence
Electrotechnique du Future «EF 2009», 7¢me COlloque FRancophone en Energie, Environnement,
Economie et Thermodynamique - COFRET'14, held in Ohrid, Novi Sad, Varna, Grenoble and Paris.

Articles have also been published in proceedings of international conferences in Bulgaria,
such as International Conference on Electrical Machines, Drives and Power Systems ELMA,
International Symposium on Electrical Apparatus and Technologies SIELA, Challenges in Higher
Education & Research in the 21st Century, Colloque francophone sur 1’énergie — environnement —
économie et thermodynamique COFRET 2012.

In Bulgaria, articles have been published in the scientific journals Ecological Engineering
and Environment Protection EEEP, Electrotehnica & Electronica E+E.

The rest are in periodicals of high schools.

Some of the articles were reported at conferences and then printed in journals, but they are
only once entered the list of papers.

The applicant is a co-author of two recognized patents.

The participation of the applicant in 3 international and 12 national projects has been
documented, with 3 of them being the project manager.

Reference is made to a total of 63 citations of the candidate's scientific papers.



Group B4. [MT1] Summary and contributions in submitted publications, equivalent
to monograph work under the general title ''Systems for generation and conversion of
electric energy from renewable energy sources"

As an equivalent to monograph work, 11 articles are presented, which are indexed in
SCOPUS.

[M1] Zarkov, Z., B. Demirkov. Power Control of PMSG for Wind Turbine Using Maximum
Torque per Ampere Strategy. 15-th International Conference on Electrical Machines, Drives
and Power Systems (ELMA), 1-3 June 2017, Sofia, Bulgaria, pp. 292-297. doi:
10.1109/ELMA.2017.7955451 (SCOPUS).

The article presents a study of power management strategies for 2MW wind energy
conversion system (WECS) consisting of a wind turbine, permanent magnet synchronous generator
(PMSG) and electronic converter. The work focuses on the control of the generator in the area of
operation of the turbine with variable speed. A combination of an algorithm for maximum power
point tracking of the turbine (MPPT) and a strategy for controlling the power of the generator with
maximum torque per ampere (MTPA) is used. The mathematical models used for the turbine,
MPPT, generator, converter, as well as an algorithm for determining the optimal references for
generator currents in the dq coordinate system for the implementation of MTPA are presented. The
operation of the generator was compared with application of MTPA and ZDAC (Zero d-axis
Control), and it was shown that the electrical losses in the machine are reduced when operating with
MTPA. The results of simulations under different operating conditions of the system are presented,
which are determined by predefined wind speed profiles over time.

[M2] Demirkov, B., Z. Zarkov. Study of Two MPPT Methods for High Inertia Wind Turbine with
Direct Driven PMSG. 2018 20th International Symposium on Electrical Apparatus and
Technologies (SIELA), Bourgas, 2018, doi: 10.1109/SIELA.2018.8447164 (SCOPUS).

The article presents a study of methods for maximum power point tracking (MPPT) of a
high inertia wind turbine. Mathematical and simulation models of two of the most commonly used
MPPT methods are developed - with optimum tip speed ratio (TSR) and with optimum torque
control (OTC). A complete model of WECS is developed including turbine, PMSG, electronic
back-to-back converter connected to a power grid. The main focus of the paper is the study and
comparison of the operation of the two MPPT methods, when combined with a generator control
strategy for maximum torque per ampere and the inclusion of the entire energy conversion chain.
The results of simulations under different operating conditions of the system with given profiles of
wind speed variation are presented: for the study of dynamics with stepped changes and realistic
for the study of energy production.

[M3] Demirkov, B., Z. Zarkov. Study of physical model of WECS with synchronous generator
and back-to-back converter. 2019 16th Conference on Electrical Machines, Drives and Power
Systems, ELMA 2019, 6-8 June 2019, Varna, Bulgaria, doi:10.1109/ELMA.2019.8771656
(SCOPUS).

A physical model designed to simulate the operation of a wind power conversion system
with a synchronous generator is presented. The stand includes: a wind turbine emulator with DC
motor and electronic converter; synchronous generator with electromagnetic excitation; two
transistor three-phase converters connected via DC line (back-to-back structure); sensors and
electronic circuits for converter control; dSPACE D1104 microprocessor control and data



acquisition system. Real-time power control programs for WECS are, including an MPPT
algorithm, maximum torque per ampere strategy for generator power control, and a vector control
for grid-connected converter. The results of experimental studies have been obtained that confirm
the adequacy of the developed algorithms and control models that are applicable to WIEC with
synchronous generators.

[M4] Zarkov, Z., 1. Bachev, L. Stoyanov, V. Lazarov. A Study of Parallel Structures of DC-DC
Converters for Application in Wind Energy Conversion Systems. 2016 IEEE International
Power Electronics and Motion Control Conference (PEMC), 25-30 Sept. 2016, Varna,
Bulgaria, pp.32-37. 10.1109/EPEPEMC.2016.7751970 (SCOPUY).

The presented work studies and compares different parallel DC-DC converters with
common input and output voltages. The topologies selected are suitable for variable speed wind
energy conversion systems. Circuits of boost converter, non-inverting buck-boost converter and
SEPICs (Single-Ended Primary Inductor Converter) are investigated. Parallel structures consist of
two identical converters with common input and output voltages and PWM interleaved control.
Based on the detailed mathematical models proposed, simulation models are developed in the
Matlab/Simscape environment. Simulations are performed to obtain the current and voltage
wafforms at different points of the converters. The maximum voltages of the transistors and diodes
in the converters are compared. The RMS values of the currents in the most important elements of
the circuits are calculated and comparisons and conclusions drawn.

[M5] Zarkov, Z., V. Lazarov, 1. Bachev and L. Stoyanov. Theoretical and Experimental Study of
Interleaved Non-Inverting Buck-Boost Converter for RES. 2018 International Conference on
High Technology for Sustainable Development (HiTech), Sofia, 2018, pp. 1-5. doi:
10.1109/HiTech.2018.8566632 (SCOPUS).

The article is devoted to the theoretical and experimental study of a parallel non-inverting
buck-boost converter (NIBBC) designed for use in RES systems. A detailed mathematical model
in the state space is proposed. A simulation model is developed. Simulations are carried out and
results are shown for the forms of currents and voltages at different points in the circuit under
different operating modes. The behavior of the scheme in the presence of a difference in the duty
ratio of the control pulses of the two converters is investigated. A laboratory model of the converter
and control is created, with which experimental studies are carried out. The results show that the
tested parallel converter can successfully operate at a wide range of input and output voltages. This
makes the NIBBC particularly suitable for low-power (up to several kilowatts) WECS applications
where it is necessary to adapt the generator output to different loads.

[M6] Zarkov, Z., 1. Bachev, V. Lazarov. Small Wind Generator System with Non-Inverting Buck-
Boost Converter and Battery Storage. 15-th International Conference on Electrical Machines,
Drives and Power Systems (ELMA), 1-3 June 2017, Sofia, Bulgaria, pp. 298-303. doi:
10.1109/ELMA.2017.7955452 (SCOPUS).

This article examines low-power WECS consisting of: wind turbine, permanent magnet
electric generator, DC-DC converter, battery and autonomous load. The electric generator is
modified by the authors car alternator whose excitation coil is replaced by a rare earth magnet
(NeFeB). An MPPT algorithm is included in the system, which regulates the power of the turbine
by controlling the load current of the generator. This is achieved by controlling the input current of
the DC-DC converter. Mathematical and simulation models of the system are developed.
Simulations are performed for four different battery voltages and change in the wind speed to show
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that power control algorithms provide good performance and good dynamic behavior. The results
provide a basis for optimum choice of voltage and battery capacity, as well as for selecting or
designing a suitable generator for a given wind turbine and output voltage.

[M7] Stoyanov, L., Z. Zarkov, 1. Draganovska and V. Lazarov. Methods for Energy Production
Estimation from Photovoltaic Plants: Review and Application. 2018 International Conference
on High Technology for Sustainable Development (HiTech), Sofia, 2018, pp. 1-5. doi:
10.1109/HiTech.2018.8566638 (SCOPUYS).

The article reviews and summarizes the main known methods for assessing the power and
performance of photovoltaic (PV) power plants - physical, statistical and hybrid. The main purpose
of this review is to select an approach and to develop an appropriate model for estimating the power
output of an existing PV plant with amorphous silicon panels. The experimental system is a
photovoltaic plant, installed near Oryahovo village, Haskovo district, with a total installed capacity
of 1.31MW. The Durisch model is chosen because it gives good results with different types of PV
panels. In addition, the model is suitable for predicting the performance of PV panels for future
periods based on meteorological data. The calculations with the developed model for amorphous
silicon panels are performed using real time and plant information. The model is tested by
calculating the power output of the plant for days with different meteorological conditions and
comparing the results with the actual measured power under the same conditions.

[M8] Zarkov, Z., L. Stoyanov, V. Milenov, H. Voynova, V. Lazarov. Modeling of PV Generators
from Different Technologies — Case Study. 2016 IEEE International Power Electronics and
Motion Control Conference (PEMC), 25-30 Sept. 2016, Varna, Bulgaria, pp. 419-424, doi:
10.1109/EPEPEMC.2016.7752034 (SCOPUY).

The article presents a theoretical and experimental study of photovoltaic generators with
five different types of panels that are connected by single-phase inverters to the power grid. All
generators have almost the same power and are installed in the same place in Sofia. Efficiency of
photovoltaic modules is calculated by the Durisch model, using two approaches - with and without
taking into account the air mass. It is proven that the influence of air mass in the model can be
neglected and the error remains acceptable. Based on the results of the study, conclusions are drawn
about the performance of the various PV panels under actual meteorological conditions. A model
of single-phase inverter for grid connection is developed, which calculates the efficiency by the
input power of the inverter. The output power of a PV generator consisting of panels and an inverter
is made using the combination of panel and inverter models. A comparison of the results obtained
with the experimental data shows a very good agreement.

[MO] Stoyanov, L., I. Draganovska, G. Notton, Z. Zarkov, V. Lazarov. Modelling PV Panels: Case
Study of Oryahovo, Bulgaria. 15-th International Conference on Electrical Machines, Drives
and Power Systems (ELMA), 1-3 June 2017, Sofia, Bulgaria, pp. 91-95. doi:
10.1109/ELMA.2017.7955408 (SCOPUY).

The purpose of this study is to develop an adequate model that calculates the efficiency and
the output power of a string consisting of 4 thin-film silicon PV modules under different climatic
conditions. This string is part of a large PV plant consisting of 820 such strings. The total maximum
power of one string is 1600Wp. The study is based on the Durisch model and uses data collected
by the SCADA system from a real photovoltaic plant. Efficiency of the PV system and the power
generated are calculated with the original Durisch model and with a modified model developed by
the authors. Solar radiation in the plane of the panels and the temperature of the panels, as well as
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the empirical coefficients for the approximation of the efficiency curve, are used as input. The
theoretical results for the output power are compared with experimental data. The comparison
shows that the influence of the air mass taken into account in the original model can be neglected
without a significant loss of accuracy.

[M10] Milenov, V., Z. Zarkov, B. Demirkov, I. Bachev. Modeling of electrical characteristics of
various PV panels. 2019 16th Conference on Electrical Machines, Drives and Power Systems,
ELMA 2019, 6-8 June 2019, Varna, Bulgaria, doi:10.1109/ELMA.2019.8771692
(SCOPUY).

The article presents a mathematical and simulation model for calculating the voltage-current
characteristics of PV panels and PV generators at a given solar radiation and cell temperature. The
model is applied to PV panels of five different types, which are manufactured using different
technologies and materials. An approach is developed to determine the efficiency of PV panels
under arbitrary operating conditions (solar radiation and cell temperature) based on the model of
voltage-current characteristics. Computational results are presented for the current-voltage
characteristics of PV panels of five different types under different operating conditions, which are
compared with experimental data and very good matches are obtained.

[M11] Zarkov, Z. Application of dSPACE Platform in the study of electric generators with RES.
2018 20th International Symposium on Electrical Apparatus and Technologies (SIELA),
Bourgas, 2018, doi: 10.1109/SIELA.2018.8446654 (SCOPUS).

The article presents the possibilities of application of the dSPACE microprocessor platform
for the study of renewable energy generators. The platform consists of hardware and software that
allow easy and fast programming and testing of user control and simulation programs. One very
important option is the integration with Matlab/Simulink RTI, which allows rapid prototyping of
the control algorithms developed in Simulink. The author presents his experience with the dSPACE
modules DS1104 and DS1103, which are used in the Laboratory of Renewable Energy Sources
(Electrical Aspects) at the Faculty of Electrical Engineering at the Technical University of Sofia.
The dSPACE platform is mainly applicable to the control of electronic converters for electricity
produced by RES. The results prove that the platform is very useful for quickly testing and
implementing control algorithms developed in Matlab/Simulink. In addition, the hardware and
software provided enable real-time data acquisition, which reduces the need for additional
measuring equipment.

Group I'7. Scientific publications in editions that are referenced and indexed in world-
renowned scientific information databases (SCOPUS)

I'l.Lazarov, V., D. Roye, Z. Zarkov, D. Spirov. Analysis of DC converters for wind
generators. Proceedings of the XVI International Symposium on Electrical Apparatus and
Technologies SIELA2009, Vol. 2, 4-6 June 2009, Bourgas, Bulgaria, 2009, pp. 157-164
(SJR=0.1, 2010).

The article presents a model a diode rectifier and DC/DC boost converter working in
conjunction with synchronous generator. The system is intended for use in a variable speed wind
generator. The models are developed in Malab/Simulink and PSPICE environments. The modeled
converters have been fabricated and an experimental study has been carried out. Comparisons
between the results of simulations and experiments are shown and a very good match is found
between them. The currents and voltages of the synchronous generator and electronic converter

5



under different operating modes are simulated. The losses in the converter are estimated depending
on the load. An experimental measurement of the losses in the generator during operation with a
diode rectifier and when working with an active load was carried out, and the decrease in the
efficiency was estimated.

2. Lazarov, V., D. Roye, D. Spirov and Z. Zarkov. New Control Strategy for Variable Speed
Wind Turbine with DC-DC converters. Proceedings of 14th International Power
Electronics and Motion Control Conference EPE-PEMC 2010, 6-8 September 2010,
Ohrid, Macedonia, pp. T12-120-T12-124. doi: 10.1109/EPEPEMC.2010.5606570

The subject of this article is the study of behavior of a variable speed wind turbine
configuration including permanent magnet synchronous generator, diode rectifier, non-inverting
buck-boost converter, and a load. A simulation model of the entire system is developed, with the
main focus being on the modeling of the DC/DC converter and the controller for the power of the
generator. The authors defined two types of control: maximum power point tracking (MPPT) of the
turbine and control for operation with limited power using only a certain percentage of the available
wind energy. Models of MPPT controller using perturb and observe method and of the limited
power point controller are developed. Results of simulations with the developed models under
different operating conditions with variable wind speed are presented. The results show the good
performance and correct behavior of the controllers in both operating modes - with MPPT and with
limited power. The method is applicable for the operation of wind turbines in the presence of over-
production of electricity.

I'3. Lazarov, V., D. Roye, D. Spirov, Z. Zarkov. Study of control strategies for variable speed
wind turbine under limited power conditions. Proceedings of 14th International Power
Electronics and Motion Control Conference EPE-PEMC 2010, 6-8 September 2010,
Ohrid, Macedonia, pp. T12-125-T12-130. doi: 10.1109/EPEPEMC.2010.5606574.

The article presents a study of a wind energy conversion system (WECS) consisting of:
variable speed wind turbine, permanent magnet synchronous generator, diode rectifier, boost
DC/DC converter and a load. Control of the electronic converter for operation with constant output
power at variable wind speed is defined. A MPPT controller and a constant power controller based
on fuzzy logic are developed. Results of simulations with variable wind speed are presented. The
results show the good performance and proper behavior of the system in both modes of operation -
with MPPT and when operating at constant power. The method is applicable for the operation of
wind turbines in the presence of over-production of electricity.

I'4. Lazarov, V., Z. Zarkov, L. Stoyanov, G. Notton. Wind turbine with doubly fed induction
generator operating at limited power point. 2012 15th International Power Electronics and
Motion Control Conference (EPE/PEMC), Novi Sad, Serbia, 2012, pp. DS2d.2-1-DS2d.2-
7. doi: 10.1109/EPEPEMC.2012.6397304

The article presents a study of WECS consisting of a variable-speed wind turbine and
doubly-fed induction generator (DFIG) with electronic converters in the rotor circuit. A simulation
model of the entire system in the Matlab/Simulink environment is developed. Two methods of
power control are defined: MPPT — with maximum power of the turbine using predefined wind
power curves and control for operation with limited power using only a certain percentage of the
available wind energy. Results of simulations under different operating conditions with variable
wind speed are presented. The results show the good performance and proper behavior of the



controllers in both MPPT and limited power modes. The method is applicable for the operation of
wind turbines in the presence of over-production of electricity.

I'5. Stoyanov, L., Z. Zarkov, V. Lazarov, 1. Bachev, B. Demirkov, G. Notton, A. Damian.
Hybrid System Sizing using per unit Approach - Application to Bulgaria, France and
Romania. 2018 20th International Symposium on Electrical Apparatus and Technologies
(SIELA), Bourgas, 2018, doi: 10.1109/SIELA.2018.8447072

The article presents the implementation of an approach for sizing a hybrid grid system with
photovoltaic and wind generators for different sites located in Bulgaria, France and Romania. The
approach is based on the use of per unit system for the power generated and the energy produced.
Weather data for a given location are used as input values. For each country, a specific load schedule
is used that takes into account the specificities of the countries. The annual energy balance is used
as a criterion for determining the configuration of the hybrid system. The results show that for the
sites under consideration in Bulgaria and France it is possible to create a balanced hybrid system
with photovoltaic and wind generators, while for the selected location in Romania it is impossible
with these combinations of generators and loads due to insufficient primary energy potential.

I'6. Zarkov, Z., V. Lazarov, P. Rizov, L. Stoyanov, E. Popov. An approach for modeling the
electronic converter-motor system for electric vehicles. 2019 16th Conference on Electrical
Machines, Drives and Power Systems, ELMA 2019, 6-8 June 2019, Varna, Bulgaria,
doi:10.1109/ELMA.2019.8771484

This article presents a comprehensive approach for modeling and simulating a propulsion
system incorporating an inverter and a permanent magnet synchronous motor (PMSM) for use in
electric vehicles. The motor is analyzed by the finite element method (FEM) using a two-
dimensional model. Motor parameters (synchronous inductances and permanent magnet flux) are
determined based on the results of the FEM analysis. A complete simulation model in
Matlab/Simulink is developed to study the complete drive system, which also includes the converter
control system and controller for the torque and speed of the motor. The motor is controlled by
application of maximum torque per ampere (MTPA) strategy in the first zone up to the base speed
and with maximum torque at constant voltage and constant current in the second zone. The
simulation calculates the characteristics of the motor in two modes of operation - as a synchronous
motor (with sinusoidal currents) and as a BLDC motor (with rectangular currents). Based on the
results it is concluded that the use of the motor as a PSDM is a better choice because of the higher
torque, the wider range of high speeds and the much lower torque ripples.

I'7. Stoyanov, L., V. Lazarov, Z. Zarkov, E. Popov. Influence of skin effect on stator windings
resistance of AC machines for electric drives. 2019 16th Conference on Electrical
Machines, Drives and Power Systems, ELMA 2019, 6-8 June 2019, Varna, Bulgaria,
doi:10.1109/ELMA.2019.8771551

The paper presents a study of the skin effect on the stator winding resistance of AC machines
designed for electric vehicles. The aim of the study is to evaluate theoretically the influence of the
machine design on the field coefficient, which influences the active resistance of the coil. The
methods for calculating the field coefficient are reviewed and compared and the appropriate method
is selected. The influence of different winding parameters and frequency of current on the field
coefficient is investigated. The results of the study show that it is necessary to find a compromise
between the low values of the field coefficient and the low height of the elementary conductors.



The influence of circulating currents is estimated using the original formula and the authors'
hypothesis for considering the effect of frequency on circulating currents. The results show some
guidance on the design of the windings of electric car machines and need experimental verification,
which will be the subject of further studies.

I'8. Lazarov, V., Z. Zarkov, 1. Bachev. Determination of the synchronous inductances of a claw
pole alternator. 2019 16th Conference on Electrical Machines, Drives and Power Systems,
ELMA 2019, 6-8 June 2019, Varna, Bulgaria, doi:10.1109/ELMA.2019.8771543

The article is devoted to the determination of synchronous inductances of generators with
claw poles. Different methods are used for this purpose: 3D finite element analysis (FEM);
analytical determination of inductances using an equivalent magnetic circuit; experimental study.
The study is performed on two types of machines: alternator with claw poles with excitation coil
and modified alternator with claw poles with rare earth magnets. A physical and analytical
explanation of the differences in synchronous inductances in the two generators studied is proposed.
The comparison between calculated and experimentally obtained values shows that all the methods
used give comparable results. The synchronous inductance values obtained from the various tests
are to be close, with differences not exceeding 15%. This proves the correctness of the theoretical
approaches used and the results obtained.

Group I'8. Scientific publications in non-indexed journals with peer reviewing and
collective editions

I'9. Lazarov,V., Z. Zarkov, H. Kanchev. Grid-connected single-phase inverter for renewable
energy sources. Proceedings of the Technical University — Sofia, vol. 59, book 2, 2009,
pp. 122-130. ISSN 1311-0829

The article is devoted to the study of a single-phase inverter for grid connection of
generators using RES. The principles of energy exchange between the inverter and the grid and for
matching the input and output power in order to maintain the energy balance of the system are
justified. A computer model of the inverter is developed that allows the operation with variable
input power by changing the output current of the inverter. The model includes the inverter power
section, PWM, DC voltage controller, output current controller, PLL based grid synchronization
module. The results of the simulations are presented, which demonstrate the adequacy of the model
and its performance when changing input power. A real-time program for the dSPACE
microprocessor system is, with which experimental studies are conducted. The results of the
simulations and experiments prove the physical adequacy of the model and allow its use as an
element in RES generation systems.

I'10. Francois, B., V. Lazarov, G. Notton, L. Stoyanov, Z. Zarkoev, H. Kanchev. Energy flows
management of a hybrid system with renewable energy generators. Proceedings of the
Technical University — Sofia, vol. 59, book 2, 2009, pp. 112-121. ISSN 1311-0829

The article presents an overview of the problems involved in providing an uninterrupted
power supply to an autonomous system that includes renewable energy sources (RES).
Technologies that can be used to compensate the fluctuations in energy produced by renewable
energy are presented. Given the volatile nature of RES power, various strategies for managing
generators and energy storage devices in an autonomous system are discussed. The management of
energy flows in a hybrid energy system, according to the mode of operation and the availability of
primary resources, requires the solving of complex tasks for optimization and technical and
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economic analysis. Experimental results have been presented to show that with properly calculated
generator capacities and selective switching off of some loads, stable operation of the hybrid system
can be achieved. An important aspect that requires further research is the ability to switch from
offline to grid connectivity.

I'l11. Lazarov, V., L. Stoyanov, K. Bundeva, Z. Zarkov, D. Spirov. Modeling and simulation of
squirrel cage induction generator. Proceedings of the Technical University — Sofia, vol. 59,
book 2, 2009, pp. 84-93. ISSN 1311-0829

The article presents the implementation of a model of induction machine with squirrel cage
rotor in Matlab/Simulink. The machine model according to the general theory of electric machines
is presented. From both systems of equations modeling the electromagnetic processes in an
induction machine, a model is derived in the state space with currents as state variables. A motion
equation is added to this system, which makes the model of the induction machine complete. To
test the model, data from a 1.5kW machine are used. Various simulations are carried out to prove
the correct and stable operation of the model. The following scenarios are simulated: calculation of
mechanical characteristic, abrupt change of operating mode (from motor to generator), stepwise and
gradual change of the mechanical torque, as well as simulation with wind turbine. Comparisons of
different quantities obtained in a simulation and experimentally are presented. Given the
assumptions made in the model, the comparison shows satisfactory accuracy.

I'12. Lazarov,V., L. Stoyanov, K. Bundeva, Z. Zarkov, D. Spirov. Modeling and simulation of
wound rotor induction generator. Proceedings of the Technical University — Sofia, vol. 59,
book 2, 2009, pp. 94-102. ISSN 1311-0829

The article presents the modeling of an induction machine with a wound rotor. A circuit
with connected active resistances in the rotor circuit of the machine is being considered. A model
in a synchronously rotating coordinate system in state space with currents as state variables is
developed. The equation of motion is added to this system. Two simulations are presented to
confirm the correct and stable operation of the model - a stepwise change in the input mechanical
torque and a simulation with wind turbine. Comparison is made of stator and rotor values from
simulations and from experiments on two experimental sets with different machines - with power
of 1.5 kW and 6 kW. Satisfactory accuracy of the fit between the theoretical and experimental
results is obtained.

I'13. Lazarov, V., D. Spirov, Z. Zarkov, L. Stoyanov. Modeling and simulation of synchronous
generator. Proceedings of the Technical University — Sofia, vol. 59, book 2, 2009, pp. 103-
111. ISSN 1311-0829

This article presents the modeling of a synchronous generator in the Matlab/Simulink
environment. The principle of converting a three-phase real synchronous machine into a fictive two-
phase machine is described. The corresponding model equations are presented. Based on these
equations, the program model in the state space is obtained. Machine fluxes are used as state
variables. The complete model is obtained by adding the motion equation. For the verification of
the model, simulations are carried out with data for a 1.5kW synchronous generator with
electromagnetic excitation. Simulation results are presented with a sudden change in the input
mechanical torque and with variable torque from a wind turbine. The results meet theoretical
expectations.

I'14. Lazarov, V., G. Notton, L. Stoyanov, Z. Zarkov. Modeling of doubly fed induction
generator with rotor-side converter for wind energy conversion application. Proceedings
of the Technical University — Sofia, vol. 60, book 1, 2010, pp. 289-298. ISSN 1311-0829



The article presents the modeling of a doubly-fed induction generator with an electronic
converter on the rotor side. The operating modes of the complete configuration with an electronic
converter in the rotor circuit connected to the AC grids and the exchanged energy flows are
described. A special case is considered in which the grid-side inverter is replaced by a direct current
source, which does not disturb the operation of the machine. The coiled rotor induction machine is
modeled by equations system with fluxes as state variables. The model of the electronic converter
is realized with the assumption that the semiconductor devices are ideal switches. The operation of
the electronic converter control system is described, which ensures operation with a given reference
for stator power of the generator. The results of simulations of step changes of the stator active and
reactive power references are presented. In both cases, a rapid response of the control system is
observed, thanks to which the correct and stable operation of the implemented model can be
evaluated.

I'15. Lazarov, V., B. Frangois, H. Kanchev, Z. Zarkov, L. Stoyanov. Applications of
supercapacitors in hybrid systems. Proceedings of the Technical University — Sofia, vol.
60, book 1, 2010, pp. 299-310. ISSN 1311-0829

This article describes the applications of supercapacitors in hybrid renewable energy
systems, as well as in other energy storage devices. Supercapacitors are suitable for compensating
fluctuations in the power of renewables due to the volatile nature of the primary resource. Different
structures of hybrid generators consisting of different renewable energy sources, electronic
converters and supercapacitors are considered.

I'16. Lazarov, V., D. Roye, D. Spirov, Z. Zarkov. Output power control for variable speed wind
generators. Proceedings of the Technical University — Sofia, vol. 60, book 1, 2010, pp.
311-320. ISSN 1311-0829

The article studies the operation of a wind energy conversion system, consisting of:
synchronous generator with permanent magnets, diode rectifier, boost DC/DC converter and a load.
The authors proposed two control strategies: operation at turbine maximum power point (MPPT)
and operation with limited point (LPPT) that is less than the maximum possible. The control is
realized by regulating the input current of the DC converter. Fuzzy logic power controllers have
been developed that give very good results for control of nonlinear systems. The operation of
models and control systems for WECS is simulated at variable wind speeds. The results prove the
reliability and effectiveness of the new strategy for managing the output of HPP.

I'17. V.Lazarov, Z. Zarkov, D. Spirov. Modeling of PWM rectifier for wind energy conversion
sistem with synchronous generator. Proceedings of the Technical University — Sofia, vol.
60, book 1, 2010, pp. 321-331. ISSN 1311-0829

A computer model is created in the Matlab/Simulink of an active three-phase PWM rectifier
operating in conjunction with a synchronous generator designed to operate with variable speed
turbine. The model includes the generator and the active rectifier, together with the controllers of
current and DC voltage at the output of the rectifier. The generator current regulator operates in a
dq coordinate system with separate control of the active and reactive components of the current.
The chosen method Voltage Oriented Control. The synchronization scheme uses a phase-locked
system - PLL. The model developed allows to control independently active and reactive power
exchanged with the generator if necessary. Results of simulations with the developed model at
variable speed of the generator and at change of load are shown.
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I'18. V. Lazarov, Z. Zarkov, L. Stoyanov, D. Sprirov. Maximum power operation of wound
rotor asynchronous machine for wind generator. Proceedings of the Technical University
— Sofia, vol. 61, book. 2, 2011, pp. 133-142. ISSN 1311-0829

The article presents the modeling of a wind energy conversion system with a doubly-fed
induction generator and control systems for maximum power. The models of a wind turbine and an
intermediate DC link have been added to the model of a doubly-fed induction generator with an
electronic converter in the rotor of a previous publication [I'14], thus forming a complete model of
a WECS with DFIG. To the roto side converter control system ensure the operation at maximum
power point using a predefined curve to set the stator power. The full model is implemented in the
middle of Matlab/Simulink. The wind turbine power coefficient is selected as a criterion for
evaluating the proper operation of the control systems. It is exemplified by a variable input power
simulation for the generator that resembles wind change.

I'19. V. Lazarov, Z. Zarkov, L. Stoyanov, H. Kanchev. Experimental testing of suprecapacitors
and evaluation of their parameters. Proceedings of the Technical University — Sofia, vol.
61, book 2, 2011, pp. 143-152. ISSN 1311-0829

The article describes an experimental study of a supercapacitor in order to determine its
parameters and derive the parameters of its equivalent circuit. The test procedures that are used to
determine the parameters of supercapacitors are discussed. An experimental test bench for study of
supercapacitors is. Experimental results are presented. Based on the measured and registered values,
the capacitor capacity, the series and the parallel resistance of the equivalent circuit are calculated.

['20. V. Lazarov, Z. Zarkov, L. Stoyanov, H. Kanchev. Study on possibilities of compensating
wind generator power fluctuations with supercapacitors. Proceedings of the Technical
University — Sofia, vol. 61, book 2, 2011, pp. 153-162. ISSN 1311-0829

The article discusses the possibilities of compensating the power fluctuations of generators
using RES with supercapacitors. Possible structures of a hybrid system with renewable energy
sources and storage devices are presented. A strategy is developed to compensate for the
fluctuations in wind power output with the help of a battery and supercapacitor operating
simultaneously. A model has been created including: supercapacitor, DC-DC converter, DC line
and power controller in Matlab/Simulink environment. The results of simulations with
supercapacitor power varying over time, which would be required by the fluctuation compensation
system, are presented. An experimental design is created to investigate the possibilities of
compensating the power fluctuations of RES generators using a supercapacitor. Experimental
studies show that by using a supercapacitor in the structure presented in the report, short-term
compensation of changes up to 100% of the wind turbine's rated power can be achieved, and thus
the generator can provide continuous load supply.

['21. Lazarov, V., Z. Zarkov, L. Stoyanov, H. Kanchev. Modeling of photovoltaic panels for
MPPT purposes. Proceedings of the Technical University — Sofia, vol. 63, 2013, book 2,
pp. 341-350. ISSN 1311-0829

The article presents the modeling of a photovoltaic (PV) panel and the analysis of the panel's
operation under various meteorological conditions in order to prepare control surfaces for following
the maximum power point. Based on the review of the models, one with single diode was selected
because of its simplicity and satisfactory accuracy. A model with serial and parallel impedance is
presented, taking into account the losses in the wires between the panel and the connection point to
the load.

The parameters of the model are determined based on experimental data collected from an
experimental set-up with PV panels. With the ready-made model simulations are performed under
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different meteorological conditions to illustrate the effect of temperature and solar radiation on [-V
characteristics. Using the obtained results, control 3D surfaces for electronic converters with
different types of reference (current and voltage) of their control systems are synthesized.

[22. Lazarov, V., Z. Zarkov, L. Stoyanov, H. Kanchev, B. Frangois. Grid-connected PV system
with MPPT control. Proceedings of the Technical University — Sofia, vol. 63, 2013, book
1, pp. 357-366, ISSN 1311-0829.

The article deals with a photovoltaic system connected to the electrical grid that uses a
controller to track the maximum power point. The system consists of a PV array, boost DC/DC
converter and an inverter for connection to the grid. A detailed simulation model of the system is
developed, together with the control for two cases - a low-power system with a single-phase inverter
and a powerful system with a three-phase inverter. Two MPPT algorithms have been developed and
tested - based on predefined curves and using fuzzy logic. The results of simulations are shown to
prove the model's operability under dramatically changing weather conditions and the adequacy of
the approaches chosen. The simulation results of the single-phase inverter system aree compared
with experimental data, yielding a maximum deviation of 22%.

[23. Lazarov, V., Z. Zarkov, L. Stoyanov, H. Kanchev, B. Francois. Grid connected
photovoltaic systems with limited output power control. Proceedings of the Technical
University - Sofia, vol. 63, book 2, 2013, pp. 331-340, ISSN 1311-0829.

The article presents a strategy for limiting the output of a photovoltaic system connected to
the grid. There are two possibilities to achieve this - with previously known power tables, which
operate at a certain percentage of the available maximum power and with fuzzy logic, which
maintains a constant output power of the system. Controllers are developed using predefined power
curves and fuzzy logic for operating at constant output power. Simulation results of the system are
shown, which prove the operability and adequacy of the developed models. Limiting the output
from a photovoltaic installation is a measure that is used mainly in extreme situations where the
stability of the electricity system is threatened. So far, this is done either by completely shutting
down the PV installation or by disconnecting certain arrays from the network.

[24. Z. Zarkov, V. Milenov, Y. Nenova, S. Rafailov. Comparative study of thin film

photovoltaic modules. Proceedings of the Technical University - Sofia, vol. 63, book 5,
2013, pp. 321-330, ISSN 1311-0829.

The article presents a theoretical-experimental comparative study of four types of thin-film
PV modules made from different semiconductor materials (aSi, CdTe, CIGS). Comparisons were
made of the electrical characteristics of a unit cell with an area of 1cm? from each module obtained
by calculations based on the manufacturers' data. The current density of the amorphous and
microcrystalline silicon modules was found to be more than twice that of the CdTe and CIGS
modules. The latter work with current densities in cells that are closer to those of crystalline Si
cells. The volt-ampere characteristics (I-V) of the modules under field conditions - different solar
radiation and temperature - were recorded. Characteristics are also recorded for two types of
shading. The results for some of the modules show significant differences from the manufacturer's
I-V curves. Microcrystalline silicon technology allows for efficiencies about 50% higher than that
of amorphous silicon. The relatively new CdTe and CIGS materials now allow an efficiency close
to that of crystalline Si cells and much higher than that of amorphous Si.
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I'25. L. Stoyanov, Z. Zarkov, H. Kanchev, V. Lazarov. Facade photovoltaic installation
productivity estimation. Proceedings of the Technical University - Sofia, vol. 63, book 6,
2013, pp. 77-84, ISSN 1311-0829.

This article examines the facade-integrated monocristalline silicon photovoltaic modules.
The purpose is to calculate the energy produced at different orientations of the modules provided
by the selected building. A methodology for converting solar radiation data onto a horizontal surface
into data for the actual radiation received from the modules is presented. A methodology for
determining the energy produced by photovoltaic panels is described, which is presented in detail
in previous works of the author's team. Both methodologies are applied to a specific building. The
options considered are for a horizontal roof layout, a 30° slope with minimal shading, and a vertical
arrangement on the three facades in contact with solar radiation. Vertical placement significantly
reduces the energy produced by the panels.

[26. Z. Zarkov, L. Stoyanov, V. Lazarov, H. Kanchev. Platform for research on PV generators
with solar trackers. Proceedings of the Technical University - Sofia, vol. 64, book 3, 2014,
pp. 173-182. ISSN 1311-0829

This article describes the development and implementation of an experimental photovoltaic
research platform. The platform is located on the Experimental site for RES research behind the 4th
block of Technical University-Sofia. The platform consists of three solar trackers with five
photovoltaic generators mounted on them with modules made using different technologies and
materials. All PV generators are connected to the grid with single-phase inverters. Sensors
connected to the Sunny Sensor box are mounted to record the ambient temperature, wind speed,
temperature of the PV panels and the solar radiation of each of the three trackers. The data is
collected in a dedicated Sunny Webbox device that is connected via a local area network to a PC.
Remote data access and inverter settings can be done from a computer using the Webbox platform
through an Internet browser. The platform offers great possibilities for comparative, quantitative
and qualitative studies of PV systems and their elements in different modes of operation. In addition,
the platform provides opportunities for future improvements and further development.

['27. Z. Zarkov. A system for solar modules I-V characteristics measurement. Proceedings of
the Technical University - Sofia, vol. 64, book 4, 2014, pp. 219-228. ISSN 1311-0829

The system of automated capture of [-V characteristics of photovoltaic modules is presented
by the author. The idea of the device is to record the values of current and voltage after connecting
the panel to a discharged capacitor and then to draw the current dependence on the voltage. In order
to check the adequacy of the idea and capabilities of the device, a model in Matlab/Simulink is
developed, with which various simulations were made. The implemented system consists of: power
part with capacitors and switches; voltage sensor; current sensor; analog-to-digital conversion unit
and PC. The LabView environment is used to develop the virtual instrument for control, measuring,
visualizing and recording data. The article shows circuits of the current and voltage sensors
developed by the author, as well as the results of their calibration and verification of the accuracy
of the conversion. The results of measurement of the I-V curves of 4 different PV panels taken
under the same conditions are presented. Although the characteristics of the panels differ, the
measuring system did very well in all cases. The system allows for rapid digital registration of the
[-V curves under real working conditions of the panels, ensuring the persistence of external factors
- temperature and solar radiation. The system is mobile and relatively inexpensive.
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['28. Z. Zarkov, B. Demirkov, L. Stoyanov, I. Bachev, V. Lazarov. State and development of
modern wind energy conversion systems - part I and II. Proceedings of the Technical
University - Sofia, vol. 67, book 1, 2017, pp. 311-319, 320-330. ISSN 1311-0829

The article presents an overview of the current state of wind energy conversion systems
(WECS) and shows the trends of their development. Information is provided on the share of wind
energy produced worldwide. An overview and comparison of the types of electric generators used
in WECS and the distribution of their market shares are made. The possibility of applying new types
of generators such as brushless and superconducting is affected. Current configurations of WECS
are considered. The classification of power electronic converters used in wind generators is made.
The most commonly used converter circuits are shown, as well as perspective ones - parallel
converters, cascade converters, matrix converters. Basic information on the control of the individual
subsystems in the WECS is given. Trends in the development of modern wind turbines are
indicated, such as: increase of the capacity of the single wind generator; switching to medium
voltage generators and converters; switching to the use of permanent magnet synchronous
generators; switching to direct drive of the generator; the gradual introduction of power electronic
elements from silicon alternative materials - SiC (silicon carbide) and, in the future, from GaN
(gallium nitride); widespread use of electronic converters in low-power WECS.

[29. Z. Zarkov, 1. Bachev, B. Demirkov, V. Lazarov. Experimental study of alternators for
applications in wind energy conversion systems. Proceedings of the Technical University
- Sofia, vol. 67, book 1, 2017, pp. 331-340. ISSN 1311-0829

The article presents the results of an experimental study of a car alternator with claw poles
with a view to its application in WECS. An experimental bench for study of alternators is presented.
The characteristics and parameters of the machine are obtained and the possibility of its operation
in low power WECS has been investigated. Based on the characteristics and parameters obtained
from the study, a mathematical model is chosen to describe the alternator as a synchronous machine
with electromagnetic excitation. A simulation model of the alternator in the Matlab/Simulink
environment is developed. The simulation results are compared with the experimental data and a
good match is observed.

['30. Z. Zarkov, 1. Bachev, B. Demirkov, V. Lazarov. Experimental study of alternator with
permanent magnets. Proceedings of the Technical University - Sofia,
vol. 67, book 1, 2017, pp. 341-350. ISSN 1311-0829

This article introduces the creation of an alternator with claw poles excited by rare earth
magnets. For this purpose, a car alternator is modified and its excitation coil is replaced by a ring-
shaped permanent magnet of rare earth materials (NdFeB). An experimental study of the modified
alternator is carried out, its characteristics were obtained, and the possibility of its operation in low
power WECS was investigated. The main characteristics of the excitation coil and the permanent
magnet alternators are compared, with great similarity between them. Based on the experimental
data and the generalized theory of electrical machines, a suitable mathematical model of the
alternator is chosen, which is considered as a synchronous machine with permanent magnets. A
simulation model of the alternator in the Matlab/Simulink environment is developed. The
simulation results are compared with the experimental data and a good match was obtained.
Replacing the excitation coil is expected to increase the efficiency of the alternator due to the
elimination of excitation losses.

14



['31. Z.Zarkov, V. Lazarov, L. Stoyanov, 1. Bachev, B. Demirkov. Physical modeling of wind
energy conversion systems with permanent magnet synchronous generators. Proceedings
of the Technical University - Sofia, vol. 68, book 1, 2018, pp. 263-272. ISSN 1311-0829

The article presents a laboratory bench for the physical modeling of a wind energy
conversion system (WECS) developed and implemented by the authors. The stand uses a state-of-
the-art permanent magnet synchronous machine. The bench corresponds in its structure and
elements to a real WECS. In most laboratories, it is impossible to install megawatt machines, such
as the capacities of today's large WECS. The modeling and exploration of such powerful wind
generators can be done through stands that represent scaled-down physical models corresponding
to large wind turbines. The article presents the structure of the stand and briefly describes its main
elements: drive, generator, rectifier, inverter, tuning and monitoring system. Users have the option
of setting different inverter power curves corresponding to the maximum wind turbine power.
Experimental studies with the bench are carried out and some of the main results obtained are
shown. The results show that the parameters of the main elements of the stand are well matched for
the actual operation of the system. This makes it possible to study the operation of the WECS at
variable wind speeds, both in short-term transient modes and for extended periods of time.

['32. L. Stoyanov, Z. Zarkov, V. Lazarov, I. Draganovska. Assessment of the energy yield from
photovoltaic power plant. Proceedings of the Technical University - Sofia, vol. 68, book
1, 2018, pp. 273-282. ISSN 1311-0829

The article presents the calculation of output power generated by a plant with thin-film PV
panels of amorphous silicon. For the calculation of the power of PV panels, a modified Durisch
model with pre-calculated empirical parameters is used. The losses in the DC power converters and
inverters at the plant through the corresponding mathematical models are taken into account. In
addition, an analysis of the errors registered by SCADA has been performed to improve the
accuracy of the model. The Durisch and the inverter models calculate the power output of the plant
for days with different atmospheric conditions. The results obtained are compared with the values
actually measured. A comparison is made of the DC power of the photovoltaic field connected to
one inverter and the AC power of the entire plant. The inaccuracy is due to some simplifications in
the models, with the RMS error remaining within 6-8%.

I'33. L. Stoyanov, Z. Zarkov, V. Lazarov, V. Milenov. Study of photovoltaic panels in
laboratory conditions. Proceedings of the Technical University - Sofia, vol. 68, book 1,
2018, pp. 283-290. ISSN 1311-0829

The article presents the implementation of a low-cost bench for testing photovoltaic panels
in laboratory conditions, consisting of a solar simulator and an analyzer of photovoltaic
installations. The solar simulator was delivered by a French company after adaptation and
implementation by order of the research team. The simulator is with continuous lighting system
with halogen lamps. The control of the illuminating power is manual and is carried out via a thyristor
controller. The PV panel analyzer is factory-made and allows I-V characteristics to be captured on
installations up to 12kW. The test bench is designed to test PVs from five different technologies.
I-V characteristics are recorded at different illumination values and panel temperatures. The results
obtained coincide with the theoretical characteristics, but a stepwise change in the curves is
observed. In order to identify the cause of the irregularities, the panels were also tested under real
conditions (sunlight), again using the same analyzer. The curves obtained are smooth, which leads
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to the conclusion that the problem is probably due to uneven illumination. The elements of the stand
are low-budget, and a compromise is sought between satisfactory quality and low cost.

['34. Lazarov, V., Z. Zarkov, L. Stoyanov. Experimental study of losses in doubly-fed
induction generator. Journal Ecological Engineering and Environment Protection, vol. 3,
2012, pp. 34-40. ISSN 1311-8668

The article presents an experimental investigation of the loss in configuration of a doubly-
fed induction generator, including: a wound-rotor induction generator, a bidirectional back-to-back
converter, an LC filter and a transformer. The configuration is implemented as an experimental
stand in the Laboratory for Renewable Energy Sources (Electrical Aspects) in the Department of
Electrical Machines, Faculty of Electrical Engineering, TU-Sofia. The results of experiments and
calculations are presented which show the dependences of the losses in the individual elements of
the system on the converted power and on the speed of rotation of the machine. The distribution of
different losses at different stator power values and at different rotational speeds is presented. The
change in the efficiency of the system depending on the speed of rotation and the power is obtained.
The results indicate the need to take into account the losses neglected in the simulation models,
which would significantly improve the correspondence between the calculations and the reality.

['35. Lazarov, V., Z. Zarkov, L. Stoyanov. Inertia influence on MPPT operation of a wind
turbine with doubly fed induction generator. Ecological Engineering and Environment
Protection, No. 4, 2012, pp. 52-58. ISSN 1311-8668

The article presents a study of the influence of inertia mass on the operation at maximum
power of a wind power conversion system with a DFIG. Models of the individual elements of the
wind generator and its associated control systems are briefly described. The implemented model in
Matlab/Simulink is validated on an experimental bench. Simulations are performed at different
values of inertia in the system and the operation of the wind generator at different wind profiles was
investigated. Based on the results obtained, it is found that the inertial mass must provide a
compromise between the stability of the control for tracking the maximum power point and the
power fluctuations introduced into the network.

I'36. Z. Zarkov, L. Stoyanov, H. Kanchev, V. Milenov, V. Lazarov. Comparative study of
photovoltaic systems with different types of modules. Ecological Engineering and
Environment Protection, No. 3, 2015, pp. 47-56, ISSN 1311-8668.

The article presents an experimental comparative study of tracking and fixed PV systems
with five types of panels manufactured using different technologies and materials. Comparisons are
made of the electrical characteristics of PV generators based on the manufacturers' data. A number
of results of experimental investigations of PV systems under different meteorological conditions
are presented - sunny, cloudy days. The data and comparisons of the performance of fixed and sun-
tracking systems are presented and the energy produced in the sun-tracking mode is evaluated.
Conclusions have been made about the qualities of thin-film panels compared to those of crystalline
silica panels.

I'37. Bachev, 1., B. Demirkov, L. Stoyanov, V. Lazarov, Z. Zarkov, G. Notton, A. Damian.
Generalized approach for feasibility study of hybrid systems with renewable energy
sources. Ecological Engineering and Environment Protection, No 2, 2018, pp. 64-73, ISSN
1311-8668, DOI:10.32006/eeep.2018.2.6473
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The article presents a generalized method for sizing a hybrid system with photovoltaic and
wind generators and storage devices. The method is based on the use of per unit system for the
power generated and the energy produced. As input, data on meteorological conditions at a given
place and load schedule of consumers are used. The method is applied to three sites in Bulgaria,
France and Romania, and calculations are made for three exemplary generators' power
configurations. Based on the annual energy balance, comparisons are made of the different
configurations located at the three sites examined. Appropriate conclusions are drawn about the
feasibility of the selected configurations at different geographical locations.

I'38. Z. Zarkov. Physical modeling and research of wind energy conversion systems with
synchronous generators in laboratory conditions. Ecological Engineering and Environment
Protection, No. 4, 2018, pp. 60-69, ISSN 1311-8668.

The article presents a test bench developed in the Laboratory of RES (Electrical Aspects),
Faculty of Electrical Engineering, Technical University - Sofia, for physical modeling of wind
energy conversion system, including: drive motor with electronic converter, synchronous generator
with electromagnetic excitation, boost DC/DC converter, three-phase transistor inverter with a filter
that is connected to the grid. The stand is equipped with suitable voltage and current sensors, which
are required to control the inverters and system power. By using the dSPACE DSI1104
microprocessor platform and using a program developed by the author is implemented the control
of the electronic converters. The structure of the model developed by the author in Simulink is
shown, which is compiled directly into a program code for the real-time microprocessor control
system. The article also presents some results of experimental studies, which confirm the qualities
of the realized bench and its correspondence with the real wind generators. The developed physical
model of WECS represents a flexible solution for verification of theoretical studies of energy
conversion processes, operation of energy converters and control systems in wind generators.

['39. Z.Zarkov. Simulation of the wind turbines’ operation in laboratory conditions. Ecological
Engineering and Environment Protection, No. 4, 2019, pp. 44-53, ISSN 1311-8668.

The purpose of this article is to present approaches for the creation of wind turbine emulators
(WTE) for use in a laboratory setting. Using appropriate mathematical models of wind turbines and
their implementation in microcontrollers for the control of electronic converters, the operation of
the drive motor, which corresponds to the behavior of a real wind turbine, is achieved. Two wind
turbine emulators are presented. The first uses a DC motor with an independent excitation powered
by a transistor converter. Its control is implemented on a dSpace DS1104 microprocessor system
using motor current feedback. The second WTE uses a permanent magnet DC motor powered by a
three-phase controlled thyristor rectifier. It is controlled by an Arduino Nano microcontroller and a
torque feedback of the motor shaft. Experimental studies show the full functionality of the
developed devices, as well as their ability to accurately simulate the behavior of real wind turbines
in a laboratory setting. The solution using torque feedback gives better results with respect to the
accuracy of the turbine's specified characteristics, but it requires an expensive torque sensor.

'40. Lazarov,V., Z. Zarkov, H. Kanchev, L. Stoyanov, B. Fran¢ois. Compensation of power
fluctuations in PV systems with supercapacitors. Electrotehnica & Electronica E+E, 9-10,
2012, pp. 48-55, ISSN 0861-4717.

The article addresses the problems associated with the integration of RES into the energy
system, arising from the changing nature of primary energy. Possible solutions to overcome the
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problem are the development of hybrid systems and the introduction of energy storage devices. In
the paper, the authors propose a system to compensate for the fluctuations in the power of a PV
power plant by using a supercapacitor as an energy storage device. Model of photovoltaic system,
supercapacitor and electronic converter is. Simulation studies are conducted using real data for
variations of solar radiation. Experimental results for the operation of a supercapacitor with variable
power are also presented. The results confirm the ability to compensate for the power fluctuations
of low-power PV plants with only supercapacitors.

r41. Lazarov, V., Z. Zarkov, L. Stoyanov, H. Kanchev. Strategies for output power
control of photovoltaic systems. Electrotehnica & Electronica E+E, 11-12, 2012, pp. 62-
72. ISSN 0861-4717

The article summarizes the authors' work on the modeling of a photovoltaic system with a
boost DC/DC converter and inverter connected to the power grid and possible strategies for
managing its power output. Models of the various elements of the system are presented in detail in
a form suitable for implementation in the Matlab/Simulink. Three strategies for controlling output
power are considered - tracking the maximum power point (MPPT), operation with constant power,
and operation at limited power point. The former is widely used, while the other two are proposed
by the authors in order to be able to meet the requirements of the power system operator. Ideas are
protected by patent [P1]. When maintaining constant power, operator's reference is followed when
the primary potential allows it. In the case of power limitation, the output power is required to be a
percentage of the maximum possible. The three strategies are implemented in control systems using
fuzzy logic or predefined surfaces. Simulation results are presented to illustrate the correct operation
of the models and control systems when operating in the three modes.

I'42. Kanchev, H., B. Francois, Z. Zarkov, L. Stoyanov, V. Lazarov. Study of power
fluctuations and their compensation in a hybrid system with renewable energy sources,
Electrotehnica & Electronica E+E, 11-12, 2015, pp. 54-60. ISSN 0861-4717.

The article deals with the combined effect of solar and wind potential and the energy
produced on the operation of an autonomous hybrid system for the generation of electricity from
renewable energy sources (RES). The system under study includes a PV generator, a wind
generator, three gas microturbines, an energy storage device and loads. The mathematical models
used to estimate the primary energies and to calculate the electricity produced by the various
generators are presented. The algorithm for energy management of the hybrid system is also
presented. The purpose of this algorithm is to plan and manage the operation of the gas
microturbines and the storage device to ensure uninterrupted power supply to the users at minimum
COz emissions. This is achieved by reducing the start-up and shut-downs of gas microturbines and
optimizing the power at which they operate. The results of simulations at different distributions of
primary energies are presented, the distribution of solar energy being the same for all simulations,
while three different distributions are used for wind speed. The analysis of the results allows
determining the optimal installed capacity of the renewable generators, taking into account the
primary potential and the load schedule.

I'43. Zarkov, Z. DC-DC converter for interfacing PV panel to micro-inverter. Electrotehnica &
Electronica E+E, 9-10, 2019, pp. 161-168, ISSN 0861-4717

This article presents the development and modeling of a DC-DC converter for connecting a

thin-film PV module to a standard micro-inverter. The idea is to include a specialized isolated DC-
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DC converter as an interface between the PV module and the inverter. The converter is designed to
transform the panel's current-voltage curve so that its output voltage meets the inverter's
requirements. Based on the mathematical models of the individual elements, a simulation model of
the combination of panel, DC-DC converter and load in Matlab/Simscape is created. The simulation
results prove that the converter is able to adapt the module's characteristics to a micro-inverter under
different meteorological conditions. The output characteristics of the converter have the form
necessary for the normal operation of the algorithm for MPPT of the inverter.

I'44. Spirov, D., V. Lazarov, D. Roye, Z. Zarkov, O. Mansouri. Modeling of DC-DC converters
for application in RES using Matlab/Simulink®. Conférence Electrotechnique du Future
«EF 2009», Sep 2009, Compiegne, France, pp., ISBN 978-2-913923-30-0

This article introduces two approaches for modeling DC-DC converters in the
Matlab/Simulink environment. The first approach uses equivalent converter circuits and state
variables to build the models. The second approach is based on Simulink's SimPowerSystems
library, which allows models to be created by directly drawing the inverters' wiring diagrams. For
this purpose, the library provides models of various elements that are used in electrical engineering
and electronics - passive and active, as well as additional models of various control and measuring
devices. The article also describes the sizing of passive elements of converters. The approaches are
exemplified by the creation of models of two types of DC-DC converters - boost and buck-boost.
The results of simulations are presented, which are compared with the experimental results of the
study of identical converters. Good coincidence proves the correctness of the approaches chosen
and the validity of the models.

I'45. Stoyanov, L., G. Notton, Z. Zarkov, V. Lazarov. Estimation de I’influence de I’orientation
et de la technologie sur la productivité des modules photovoltaiques intégrés dans les
batiments. 7éme COlloque FRancophone en Energie, Environnement, Economie et
Thermodynamique - COFRET'14. Paris, CNAM; 23-25 avril 2014. Actes du colloque,
Article 4/PF-073, pp. 809-815, ISSN 2269-1901.

This article compares the performance of thin-film photovoltaic panels, located in different
positions, which is possible when integrating PV panels in buildings. Ten sites of different latitudes,
located in the Northern Hemisphere, are used in the study. The study is performed with two
approaches for calculating solar radiation on the surface of PV modules. In the first approach, only
direct solar radiation is used, and in the second approach, the diffuse and reflected components of
the radiation are taken into account. The inputs to the calculations are: geographical location, panel
orientation, time of day, direct solar radiation, and ambient temperature. The calculated energy for
one year is calculated in one hour increments. The calculations are made for 126 different spatial
orientations of the modules. The results are presented as 3D surfaces. The analysis shows that when
using solar radiation outside the atmosphere, the optimal position is in all cases oriented south. In
the second case, the diffuse and reflected solar radiation reduces the negative effect of the deviation
from the optimal azimuth, but the influence of the slope increases. The results of the study allow
architects and civil engineers to determine the energy yield of PV panels built into a building in any
orientation and geographic location.

I'46. Zarkov, Z., V. Milenov, I. Garciarena Martincorena. Study of Small-Power Wind
Generator with Single-Phase Grid-Connected Inverter. Proceedings of Challenges in
Higher Education & Research in the 21st century, vol. 13, June 2-5, 2015, Sozopol,
Bulgaria, pp. 135-140. ISBN 978-954-580-356-7
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This paper shows the results of a low-power wind generator model study consisting of:
synchronous generator, rectifier, voltage limiter, and single-phase inverter with a filter and
transformer connected to the grid. In the PSpice software, a simulation model of the electric part of
the wind generator is created. In the small wind turbines it is advisable to use the so-called. voltage
limiter, which is connected after the rectifier and has the function of protecting the inverter from
unacceptably high input voltage in the event of a load or grid failure. An electronic voltage limiter
for a small wind generator has been designed, simulated, manufactured and tested. A hysteresis
controller with monitoring control is used to control the scheme. An experimental study was also
conducted on an experimental stand. The created voltage limiter works as expected, resulting in a
good match between the simulation results and the experiment result.

I'47. Kanchev, H., B. Francois, Z. Zarkov, L. Stoyanov, V. Lazarov. Compensation of wind
power fluctuations in an autonomous hybrid system comprising a wind generator and
micro gas turbines. Fourteenth International conference on electrical machines, drives and
power systems ELMA 2015, 1-3 Oct. 2015, Varna, Bulgaria, pp. 131-138, ISSN: 1313-
4965.

This article presents a study of the impact of 3 wind energy distribution cases on the
operation of an autonomous hybrid system with gas microturbines, wind generators and energy
storage. The operation of the system is simulated with various wind generators with power from 30
to 60kW. All cases use the same load curve. Power planning is performed using a pre-developed
algorithm for incorporating gas microturbines and the storage device using dynamic optimization.
The purpose of the optimization is to minimize COz emissions per day. The results show that, for
all three wind speed distribution cases, integrating a more powerful wind generator into the system
reduces fuel consumption, but this does not always lead to less CO2 equivalent. This is due to the
fact that, in such cases, the gas microturbines are forced to operate at a power well below the rated
power. Furthermore, the results show that for optimal operation of an autonomous hybrid system,
the connection between the primary renewable energy resource and the load consumption schedule
is more important than simply increasing the power of the renewable energy generators.

I'48. Zarkov, Z., V. Milenov. Wind turbine emulator with DC motor drive. Fourteenth
International conference on electrical machines, drives and power systems ELMA 2015,
1-3 Oct. 2015, Varna, Bulgaria, pp. 146-151, ISSN: 1313-4965.

The article presents a laboratory-developed wind turbine emulator (WTE). The purpose of
the WTE is to replace the actual wind turbine with an electric motor, which drives the generator
into a laboratory stand. Its requirements are to behave like a true wind turbine, honing its mechanical
characteristics at a given wind speed. This is achieved by using a DC motor, which is powered by
an electronic converter and controlled with suitable feedbacks. The article presents the
mathematical models of wind turbine, power electronic converter and DC motor. A simulation
model of the entire emulator was developed along with the controller. With the developed model, a
number of simulations were performed at different wind speeds and different torque of the
generator. The main results of these simulations are shown. A comparison simulation with a
reference ideal model was performed to determine what deviations would be obtained in the
presence of errors in the measured values (current, speed) and in the used motor parameters. The
results of all simulations show that the emulator behaves like a real wind turbine and follows its
mechanical characteristics at variable wind speeds.
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Group 3. Publications in journals with impact rank (SJR)

S1. Zarkov, Z., L. Stoyanov, H. Kanchev, V. Milenov, V. Lazarov. Study of photovoltaic
systems’ performances with different module types. Materials Science Forum, Vol. 856,
2016, pp. 279-284. doi: 10.4028/www.scientific.net/MSF.856.279, (SCOPUS, SJR=0,180)

The article presents a theoretical and experimental study of systems with photovoltaic
modules produced by different technologies and from different materials and operating under the
same meteorological conditions. A suitable mathematical model of type "input - output" is selected
to determine the efficiency of panels depending on solar radiation and temperature. Based on the
experimental data, the coefficients of the mathematical model for all types of PV panels studied are
determined. The model is verified by calculating the electrical power of PV generators under given
meteorological conditions and comparing it with that measured. The comparison between
theoretical and experimental results shows a good level of agreement with a mean squared error of
less than 3%. Comparisons of the operation of different PV generators are made under the same
operating conditions. The conclusion is that based on the results, it is difficult to determine which
type of PV panels are most effective, as each of them shows certain advantages under certain
climatic conditions. Under some meteorological conditions, the thin film modules (CdTe, CIGS and
ucSi) are competitive with the already established crystalline silicon technologies.

S2. Stoyanov, L., Z. Zarkov, G. Notton, V. Lazarov. Comparison of thin film modules
productivity for building integration. Materials Science Forum, Vol. 856, 2016, pp. 309-314.
doi: 10.4028/www.scientific.net/MSF.856.309, (SCOPUS, SJR=0,180)

The article compares the performance of thin-film photovoltaic panels mounted in different
positions that are possible when integrating them into buildings. Ten sites with different latitudes
from the equator to the Arctic Circle are used in the study. For 126 different orientations of the
surface of the panels, two types of solar radiation are determined - one outside the atmosphere and
solar radiation on the Earth's surface, which includes the diffused and reflected components of
radiation. The values of solar radiation and ambient temperature are entered into the mathematical
model for determining the efficiency of PV panels. The annual energy output for each of the
positions of the PV modules and for each of the studied geographical locations is calculated. The
results are presented as 3D surfaces, depending on the azimuth and the angle of inclination of the
panels. Copper-indium selenide (CIS) panels exhibit a higher energy yield than amorphous Si due
to their higher efficiency. Amorphous silicon is advantageous when the slope of the panels is
between 20 and 50°, while the CIS is suitable for larger slopes. The results of the study allow
architects and civil engineers to determine the energy yield of photovoltaic panels installed in the
building and to search for the optimal choice of layout and type of panels.

Applicant's articles accepted for publication (not included in the list of pointsfor
meeting the minimum requirements)

[II11. Zarkov, Z., V. Milenov, 1. Bachev, B. Demirkov. Grid connected PV systems with single-
phase inverter. 2019 11th Electrical Engineering Faculty Conference (BulEF), Varna,
11-14.09.2019. Published in IEEE Xplore Digital Library,
doi: 10.1109/BulEF48056.2019.9030797.

The article presents an analysis of a photovoltaic system connected to the electricity grid.
The system consists of: string of photovoltaic panels, single-phase inverter, an LC filter and a low-
frequency transformer connected to the grid. The system is controlled by an algorithm for MPPT of
the PV string. A comprehensive simulation model of the entire system has been created, including
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control algorithms. The MPPT method used is perturb and observe. A simulation study is performed
with variable solar radiation and the results show a realistic behavior of the developed model of the
MPPT algorithm. The simulation results are compared with experimental tests on a real
photovoltaic array with the same parameters and a good match is found. Using simulations and
experiments, it has been shown that the inverter output current is distorted due to the non-sinusoidal
voltage of the grid at the connection point.

[I12. Zarkov, Z., L. Stoyanov. Emulator of PV Panels for Laboratory Studies. 2019 11th
Electrical Engineering Faculty Conference (BulEF), Varna, 11-14.09.2019. Published in
IEEE Xplore Digital Library, doi: 10.1109/BulEF48056.2019.9030772.

The article introduces the implementation of a photovoltaic panel emulator for laboratory
testing. Various options for implementing such an emulator are considered. The emulator is based
on a computer-programmable power source. The control is performed by an algorithm programmed
in the LabVIEW environment. The algorithm uses a suitable mathematical model of a PV panel
based on a one-diode equivalent circuit. Model equations are programmed in a LabVIEW
environment and the possibility of obtaining different [-V characteristics corresponding to different
meteorological conditions is tested. Finally, the correct operation of the created emulator is tested
and illustrated with experiments with different loads that follow the current-voltage characteristics
of the simulated panel.

[I13. Zarkov, Z., L. Stoyanov, I. Draganovska, V.Lazarov. The Comparison of different
approaches for solar radiation forecasting using Artificial Neural Network. 2019 11th
Electrical Engineering Faculty Conference (BulEF), Varna, 11-14.09.2019. Published in
IEEE Xplore Digital Library, doi: 10.1109/BulEF48056.2019.9030781 .

The article is an exploration of a multilayered neural network (NN) to predict solar radiation
one day ahead. Six combinations are proposed with three different input variables and two different
number of hidden layers. In each combination, the number of hidden neurons in the layers also
varies. The output of the neural network is the daily change in solar radiation one day ahead. Three
different input sets are considered - daily radiation for the last six days, historical information on
the forecast day of the last two years, and historical information on the forecast day of the past four
years. Best results are obtained for single-layer perceptrons when measured solar radiation for the
six previous days or same-day data for the past two years are used as input. The calculated mean-
square error for the optimal combination is between 1.44% and 8.38%. A more in-depth analysis of
the comparison between measured and projected solar radiation shows that on clear sunny days, the
accuracy of the model is higher and problems are observed with low solar radiation.

[1I14. Zarkov, Z., L. Stoyanov, I. Draganovska, V.Lazarov. Application of ANN for solar
radiation forecasting - case study of Oryahovo. 2019 11th Electrical Engineering Faculty
Conference (BulEF), Varna, 11-14.09.2019. Published in IEEE Xplore Digital Library, doi:
10.1109/BulEF48056.2019.9030792 .

This article presents the application of artificial neural networks (ANN) for the prediction
of solar radiation in the region of Oryahovo, Bulgaria. A review of the possibilities for predicting
solar radiation that could be applied to evaluate the output of photovoltaic stations shows that
statistical methods show better results for short-term predictions than physical and hybrid
techniques. Today, the most commonly used statistical approach is the neural network. In the
present case, a multilayer perceptron network was used to predict solar radiation for the day ahead
for the object in Oryahovo. Measured solar radiation for the previous six days is used as input
parameters. As a result of the simulations, the ANN with 20 hidden neurons was found to exhibit
the best performance compared to the other structures. The standard error in this case is between
4% and 5%.
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[I15. Stoyanov, L., Z. Zarkov, G. Notton, V. Lazarov. Design opportunities and building
integration. In: Energy Efficient Building Design, Springer, 2020. Accepted for publishing
in Sprihger.

The article summarizes the previous research of the authors in the field of determining
energy production from integrated photovoltaic panels and systems in buildings. The peculiarity of
this integration is that the orientation and inclination of the panels can be arbitrary depending on
the layout and shape of the buildings. The methodology uses solar radiation and air temperature as
the input, as well as the geographical coordinates of the installation and the orientation and
inclination of the panels. A reduced Durisch model proposed by the authors in previous publications
is used to determine power and energy. The proposed methodology is applied to various sites in the
Northern Hemisphere using idealized and realistic meteorological data for solar radiation. The study
is performed on five different types of PV panels manufactured using different technologies of
different materials (mono-, poly- and microcrystalline silicon, copper-indium-gallium-selenide and
cadmium telluride). The results show that no universal recommendations can be made for the
optimal orientation of the panels. The results of the calculations are validated with experimental
data from the PV systems research platform at the Technical University - Sofia and show good
overlaps on a daily and monthly basis.

Group E26. Issued patents

I11.Lazarov V., D. Spirow, Z. Zarkov, L. Stoyanov. ,,System for control of photovoltaic
system output power*. Patent Ne66503 B1, 31.08.2012.

It is an object of the invention to provide an active electrical system for controlling the output
power of a photovoltaic system. The photovoltaic system is connected to the AC mains through an
output power control system consisting of an inverter, a storage device connected to the inverter
input and a controller. The controller consists of a sensor block, a control unit for determining the
power setting, a mode selection unit and regulators. The mode selector determines the operating
mode of the control unit from two options: operating at maximum power such as a classic MPPT
system or operating at limited power less than the maximum. The choice of operating mode is made
according to the requirements of the electricity system operator and the condition of the storage
device. The advantage of the present invention lies in the ability to smoothly adjust the power
delivered to the network by the PV installation, in accordance with the requirements of the system
operator.

I12. Lazarov V., D. Spirow, Z. Zarkov, L. Stoyanov. ,,System for control of wind energy
conversion system output power*. Patent Ne66506 B1, 31.08.2012.

It is an object of the invention to provide an electrical system for the active control of the
output power of WECS. The WECS consists of a wind turbine and an electric generator. It is
connected to the grid via a control system consisting of a combination of two electronic converters:
an AC-DC and a DC-AC converter. An energy storage device is also connected to the DC line. Two
operating modes of the control system are possible: a) standard mode in which the maximum
possible power is generated at the current wind speed (MPPT mode) and b) a limited mode in which
power is generated according to an system operator specified permissible limit for transmission to
the power grid below the maximum. The advantages of the system according to the invention lie in
the ability to control the output power of wind energy conversion system in order to limit it,
according to system operator requirements. This prevents the wind turbine from being switched off
immediately and extends its operation, which is associated with economic benefits for the WECS
owner without disturbing the balance of the power grid.
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Summary of the contributions in the scientific works with the participation of

the applicant submitted for participation in the competition

Research in the submitted scientific papers can be summarized in the following groups:

1. Study of the processes and performance of wind energy conversion systems (WECS).

1.1.

1.2.

1.3.

1.4.

1.5.

1.6.

An overview of the current state of the WECS is made and the trends of their development
are outlined. Guidelines for future research have been identified [I'28].

Mathematical and computer simulation models are developed for the individual elements
of high-power (2-3MW) and low-power (less than 10kW) wind energy conversion systems:
wind turbine, multiplier, electric generator, electronic converters, accumulators, loads and
control subsystems [M1], [M2], [M6].

Developed complete simulation models for high-power (2-3MW) and low-power (less than
10kW) WECS with different types of generators working together with power electronic
converters, stand-alone or in parallel with electrical grid [M1], [M2], [M6], [['1], [T2], [T'3],
[I4], [T'18].

A method is developed to evaluate the influence of inertia masses in WECS with a doubly-
fed induction generator on its operation with maximum power [I'35].

The results of experimental studies with electric generators, electronic converters and
stands for physical modeling of WECS are obtained, the results of which prove the
adequacy of the developed mathematical and simulation models. The losses in the
electronic converter and its efficiency are determined on the basis of experimental
measurements and data from the manufacturer [['1].

A methodology is developed for the experimental investigation of losses in doubly-fed
induction generator system together with electronic converters at different values of stator
power and rotational speed [['34].

2. Study of electrical machines for WECS.

2.1.

2.2.

2.3.

24.

2.5.

2.6.

An equivalent magnetic circuit is proposed for the study of inductances of claw pole
generators. A 3D model with finite elements of a claw pole machine is made. It is proven
that in synchronous machines with permanent magnets, including those with claw poles,
the inductance on the axis q is greater than the inductance on the axis d [T'8].

Models of induction machine with squirrel cage rotor and wound rotor in Matlab/Simulink
are created in a coordinate system rotating at synchronous speed and with currents as state
variables [I'11], [I"12], [T"14].

An algorithm and a model of a synchronous machine in Matlab/Simulink are created with
fluxes as state variables [I'13].

Simulation models of alternator with electromagnetic excitation and alternator with
permanent magnets are developed [[29], [T'30].

An alternator with rare earth permanent magnet is designed that has excellent parameters
and can be further developed as a product for the market [I'30].

The possibility of using a modified permanent magnet alternator in low power WECS in
configuration with diode rectifier and electronic converter has been proven [M6].

3. Study of electronic converters for application in RES.

3.1.

3.2.

A simulation model of an active three-phase PWM rectifier in conjunction with a
synchronous generator designed to operate with a variable wind turbine [T'17].

Detailed mathematical and simulation models of three types of parallel DC/DC converters
with common input and output voltages, controlled by interleaved pulses, are developed
for use in WECS [M4], [M5].
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3.3.

3.4.

3.5.

3.6.

3.7.

3.8.

4.2.

4.3.

4.4.

4.5.

4.6.

4.7.

4.8.

Based on simulations, comparisons are made between the properties of different types of
parallel DC/DC converters with a view to their application in WECS [M4].

A model in a Matlab/Simulink of a single-phase inverter is developed for connection of
generators using RES to power grid. It is proven that the output power can be controlled to
match the input so that the energy balance of the system is maintained. An experiment is
conducted to prove the adequacy and practical applicability of the model [T'9].

A scheme is proposed and a simulation model of a voltage limiter for a small wind generator
is developed. A laboratory model of the voltage limiter for small wind generator is
fabricated, which is included as part of a test bench for physical modeling of WECS [T"46].
A simulation model of a PV system with an MPPT controller with a single-phase inverter
connected to the grid is developed. Using simulations and experiments, it is proved that the
inverter output current is distorted not only by the inverter's imperfections and its control,
but also by the non-sinusoidal voltage of the grid at the connection point [ITIT1].

A new idea is presented for adapting the characteristics of thin-film PV panels with high
output voltage to standard micro-inverters by means of an intermediate DC-DC converter.
A simulation model of the PV panel is developed along with the proposed DC-DC converter
[T43].

A comparison is made between two approaches to construct simulation models of DC-DC
converters and their control in a Matlab/Simulink environment. Models using the
SimPowerSystems library are shown to produce results that are closer to the real ones.
Models using state variables have better convergence and run faster [['44].

. Development and study of algorithms and strategies for wind power management.
4.1.

A new method of controlling the power of an electric generator in a WECS is defined using
the electronic converter for tracking the point of limited power using only a certain
percentage of the available wind power [['2], [I'4]. The idea is protected by a patent [I12].
Control of the electronic converter in the WECS is defined, which allows the operation of
the system with constant power when the wind speed is changed [I"3], [['16]. The idea is
protected by a patent [I12].

Models of controller for maximum power point tracking (MPPT) and controller for
operation with constant power using fuzzy logic have been developed for application in
WECS [T'16].

An algorithm and a simulation model of a complete wind energy conversion system with a
doubly-fed induction generator is developed. Algorithms and models of control systems are
to ensure the maximum power operation of the wind generator [I'18].

An algorithm for determining the optimal references for generator currents in dq coordinate
system for the implementation of a maximum torque per ampere control (MTPA) strategy
is, which is included in the loop of the torque and current regulators of synchronous
generator [M1]. "

Software implementations of wind turbine maximum power point (MPPT) tracking
algorithms are developed using two methods: optimum tip speed ratio (TSR) and optimum
torque control (OTC). [M2].

It has been proven that when controllig the synchronous generator torque using the
maximum torque per ampere strategy, lower electrical losses are achieved compared to the
zero d-axis control strategy [M2].

Based on simulations and comparisons, it is shown that the use of the TSR method for
MPPT results in a greater amount of electricity produced from WECS than the OTC
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method, but this is associated with much higher dynamic loads of the turbine and generator.
[M2].

5. Study of photovoltaic panels and generators.

6.

5.1.

5.2.

5.3.

5.4.

5.5.

5.6.

5.7.

5.8.

5.9.

A mathematical model for calculating the efficiency and the power of PV panels is
proposed, which is based on the Durisch model but the influence of the air mass is
neglected. It is that the proposed model gives good accuracy without having to know the
exact astronomical time and geographical position of the PV installation [M7], [M8], [S1].
Based on experimental data, the empirical coefficients necessary for the application of the
developed model for theoretical calculation of the PV efficiency are determined. It is done
for PV panels of six different types that are manufactured using different technologies and
materials [M8], [M9], [S1].

An approach is developed to determine the temperature coefficient of PV panels efficiency
based on experimental data [M8], [S1].

A mathematical model for calculation of the efficiency by the inverter input power of a
single-phase PV inverter is developed [M8].

A methodology is developed for calculating the power output of a PV plant by calculating
the output power of a separate string, DC/DC electronic converter, inverter and of the entire
plant [I'32].

Models with neural networks are developed to predict solar radiation for the day ahead.
The model also allows forecasting the power generated by small or large photovoltaic
systems for a day ahead, based on data from the previous six days [I1I13], [TII14].

On the basis of experimental and simulation studies, comparisons of productivity and
conclusions about the influence of meteorological conditions on the operation of different
types of PV panels are made. [MS8], [M9].

A mathematical and simulation models are developed to calculate the voltage-current
characteristics of PV panels and PV generators at given solar radiation and cell temperature.
The model is valid for PV panels that are manufactured using different technologies and
materials [M10], [T'21].

An approach is developed to determine the efficiency of PV panels under arbitrary
operating conditions (solar radiation and cell temperature) based on the model of current-
voltage characteristics [M10].

5.10. A methodology has been developed for comparing the energy produced by different PV

5.11.

installations for integration into the facades of buildings, based on: a methodology for
determining the actual solar radiation received from the modules and a methodology for
determining the energy produced by the PV modules [[25], [['45]. Results are obtained for
the energy yield of monocristalline silicon PV panels at different orientations at 10 locations
around the globe [I'45]. Results are obtained for the energy yield of two types of thin-film
PV panels at 126 different orientations at 10 locations around the globe [S2], [TIIT5].
Theoretical and experimental comparative studies of the characteristics of different types
of photovoltaic panels and generators operating under the same conditions have been
carried out [M8], [M10] [I"24], [['36].

Developing and study of algorithms and strategies for control of PV generators power.

6.1.

6.2.

A method for tracking the maximum power point through control surfaces is, taking into
account changes in solar radiation and ambient temperature [['21], [T'41].

A detailed simulation model of a photovoltaic system connected to the grid, together with
the control, is developed. Two algorithms and models of their respective controllers for
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6.3.

7.2.

7.3.

7.4.

7.5.

7.6.

7.7.

maximum power point tracking are created and tested, based on predefined curves and
using fuzzy logic [122].

A strategy for limiting the output of a photovoltaic system is proposed. Two approaches
are developed to achieve this - with previously known power tables that operate at a certain
percentage of the available maximum power and with fuzzy logic, which maintains a
constant system output power [['23]. The idea is protected by a patent [I11].

. Study of hybrid systems using RES.
7.1.

A new approach for study and sizing of hybrid systems with wind and photovoltaic
generators is developed, based on the use of per unit system. The approach enables
comparisons to be made and to find the optimal system configuration without using specific
power and energy values, and without setting specific models for wind and PV generators
[['5], [T'37].

Numerous studies on the topic are summarized and experimental results have been
presented to show that with properly sized generators and selective switching off of some
loads, stable operation of a hybrid RES system can be achieved in both modes of operation:
complete autonomy or connected to the grid [I"'10].

A review of the possibilities of using supercapacitors to compensate for power fluctuations
of generators using RES is made [I'15].

A methodology and experimental test bench for determining the parameters of the
supercapacitor and the equivalent circuit is developed [T'19].

A strategy is developed to compensate the fluctuations of wind turbine power with the help
of a battery and supercapacitor operating simultaneously. A simulation model of the system
is created [1'20].

An algorithm and a simulation model of a system for compensating the power fluctuations
of a photovoltaic system using a supercapacitor is developed [['40].

Algorithms are developed to calculate the power references of the compensating generators
in a hybrid renewable energy system when the primary energy (wind and sun) changes so
Developed algorithms based on which are calculated jobs countervailing power sources in
hybrid system with renewable energy in case of primary energies (wind and sun), so as to
achieve continuous supply of loads with minimal emissions of CO2 ['42], [['47].

. Creation of a scientific research infrastructure for the study of wind power and

photovoltaic systems in laboratory and field conditions.

8.1.

8.2.

8.3.

8.4.

8.5.

Models are developed and two wind turbine emulators are implemented, which are
incorporated as elements of two stands for physical modeling of WECS. The possibility of
replacing a real wind turbine in laboratory conditions with a properly controlled electric
motor has been proven [[39], [T'48].

A test bench (physical model) is developed to simulate the operation of a wind energy
conversion system with a synchronous generator with electromagnetic excitation and
electronic converters [M3], [I'38].

Real-time programs for power control in WECS are developed. The results of experimental
studies are obtained, which confirm the adequacy of the developed algorithms and control
models that are applicable to WECS with synchronous generators [M3].

Experimental test bench alternator for physical modeling of low power WECS with
electronic converters is created [M5], [[29], ['30].

A stand for physical modeling of WECS with a permanent magnet synchronous generator,
rectifier and single phase inverter connected to the grid is created [['31].
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8.6.

8.7.

8.8.

8.9.

A platform for experimental study of photovoltaic generators with grid-connected inverters
and operating under real-world conditions is created. The platform is located on the
Experimental site for RES research of the Technical University of Sofia [M8], [T26].

A unique for the country microprocessor-based system for real-time control of processes in
WECS and for data acquisition in laboratory dSPACE is introduced [M3], [M11].

A mathematical and simulation model of a device for recording volt-ampere characteristics
(I-V) of PV panels by charging a capacitor is developed. An automatic system for the
recording volt-ampere characteristics of PV panels for current up to 10A and voltage up to
100V is implemented [['27].

A test bench for the experimental investigation of photovoltaic panels in laboratory
conditions by artificial lighting is created [I'33].

8.10.A PV panel emulator has been developed that allows simulation of the operation of PV

panels in laboratory conditions [I1I12].

8.11.An experimental test bench is created to study the possibilities of compensating the

fluctuations of power generated from RES with supercapacitors [I'20].

9. Study of electric machines and drive systems for electric and hybrid vehicles.

9.1.

9.2.

A complex approach for modeling and simulation of drive systems with permanent magnet
synchronous motor, electronic converter and control subsystem is developed. A
comprehensive simulation model of the system is created that allows it to be tested in
different operating modes. A model of control of PMSM is developed with the application
of a combination of two strategies: maximum torque per ampere in the first zone and
constant voltage and constant current in the second zone. It is proven that a permanent
magnet motor with a sinusoidal magnetic field distribution can also operate as a BLDC, but
with lower performace [I'6].

It is proposed to improve an existing analytical method for calculating the field coefficient
in a synchronous permanent magnet motor by including an additional member that takes
into account the effect of frequency on circulating currents in a coil with parallel branches.
Computational and simulation results are obtained for the effect of different coil parameters
and the frequency of current on the field coefficient [I'7].

The contributions also have an educational aspect because some of the educational

techniques and scientific and technological achievements discussed in the articles are used in the
training of students in the disciplines concerning RES and energy conversion.
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