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3a yyacTue B KOHKypca ca npejcTaBeHu o0mo 17 Tpyaa Ha kaHAMAaTa, KOUTO
BKJIIOYBAT:

o  XaOunuTanmoHeH Tpya — MOHOTpadusi;

e  3a m3NBJIHEHME Ha mokaszarenute or I'pyna I' ca mpencraBenn 15
nyOonuKaluy HMHAEKCUpaHu B Scopus, W 1 mnyOnukanuss B HepedepupaHu
CIIMCAHUs C HAYYHO PElieH3UpaHe.

I'pyna B3. XaOuautauuoHeH Tpya — MOHorpagus

MI1. MunenosB, B., ®oTtoBonTanunu cucteMu ¢ XHOPUIHU UHBEPTOPH,
Codus 2026, M3narenctBo Ha Texunuecku ynusepcuret — Codust, ISBN: 978-
619-167-597-5

MomnorpaguyHusT Tpya € pazpaboTeH B 00eM oT 146 nmedyaTHu CTpaHUIIH,
kato ¢ odopmen B ceneM riaBu. Chabpka 149 rpaduyHu uzoOpaxkeHUs |
oubmuorpacdus ot 150 nurepaTypHu U3TOUHUIIH.

B mwpBata rnaBa ca mpeAcTaBeHUW OOMIM JaHHU 32 Pa3BUTUETO Ha
BH300HOBSIEMUTE CHEPTHUITHU M3TOYHHUIIM M Ha (OTOBOJTAUYHUTE CUCTEMHU IO
cBera. Pasriexaa ce craTUCTHKA 3a MHCTAIMPAHUTE MOIIHOCTU, TEHJEHIIMU B
IIPOU3BOJICTBOTO HA €HEPTUsl M BBIIPOCH, CBBbpP3aHU C peuukiaupaHeTo Ha OB
MaHeu.

BbB BTOpaTa rinaBa ce aHaM3upaT pa3IudHuTe TexHosoruu 3a @B kineTku
Y MOJYJIH — OT CTAHJAAPTHUTE KPUCTAIIHU KJIETKH 0 MHOBATUBHU PEIICHUS KaTO
PERC, back-contact u ABy/IHIIEBH TIAHENH, U € HAPAaBEH CPABHUTEIICH aHAIIN3
Mexay Tsax. Peanusupana e rpadguka ¢ ucropuueckoro pazputue Ha OB kieTku
OT KpucTayieH cunuuuii ciep BbBexaaneTo Ha PERC Texnonorusra. OcobeHo
BHUMaHUE € OT/AeJieHo Ha aByiuieBute OB maHenu, KOUTO cTaBaT Bce IIO-
NONYJISIPHU W 3al04yBaT Ja JOMHHHUpPAT Ia3apa 3a CMETKa Ha €IHOJIMUIEBUTE,
OJlarogapeHue Ha CBOUTE OTIMYHU XapAKTEPUCTUKHU U IIUPOKA MPUIOKUMOCT.



Tperata rnaBa npeacTaBst BUJIOBETE U KJIacU(UKALUNUTE HA UHBEPTOPUTE
3a @B cucremu. Hanmpasena e kinacudukaius copea MOITHOCTTa — LIEHTPAJIHH,
CTPUHI'OBU, MYJTUCTPUHIOBA U MUKPOUHBEPTOPH; CIIOPEN CBBP3aHOCTTA UM KbM
mpexkata — “On Grid” u unBeptop tun “Battery ready”.

OcHoBHO ®B nHBEpPTOPH CE pa3aesaT HAa TPHU THUIIA:

. C BpB3Ka C MpeKara;
. 0e3 Bpb3Ka ¢ MpexaTa;
. XUOPUIICH HHBEPTOP.

YerBbpTara riaBa € mocBeTeHa Ha XUOpUIHUTE WHBepTOpU. HampaseHa e
ChBpEMEHHA KIacu(PHUKAIMsI Ha TE3U YCTPONCTBA U Ca ONMCAHM PA3IMYHU TUIIOBE
(off-grid ¢ AC 3apsigno, all-in-one, uaBepTopu camo ¢ DC onTuMu3zaTop).
AHanmu3WpaHd ca pas3IiyHU CTpATerud 3a YIOpaBiICHHUE Ha XHOPUIHUTE
WHBEPTOPH — MPHOPUTETHO COOCTBEHO MOTpeOJeHHE, pe3epBHO 3axpaHBaHE,
OanmaHcupaHe Ha ToBapa, paboTa B OCTPOBEH pexuM u Jpyru. M300pbT Ha
MOJXOJAIIAa CTPAaTeTHusi € OT ChHINECTBEHO 3HAdYeHHE 3a e(eKTHBHOCTTA W
HaZexIHocTTa Ha @B cuctemu ¢ 6atepuu, KaTo ce 0Ka3Ba, ue aJanTaiusiTa KbM
KOHKPETHHUTE YCIIOBUS Ha EKCIUIOATAIMS € KITF0YOBa 3a MOCTUTAHE Ha ONTHMATHH
pesyntaTu. PasrienaH e BapuMaHThT Ha XUOPUACH MHBEPTOP C MHTEIUTCHTEH
ToBap. Ch3/ajeH € aJropuThM 3a BKIIOYBAHE HA MHTEIUTCHTHHUS TOBAp MpH
ompezneneHu ycioBusa. HampaBen e 0030p Ha copTyepHUTE CUCTEMH 3a
MOHUTOPHUHT U chOUpaHe Ha JaHHU BbB OB cucreMu ¢ XMOpHUIHU UHBEPTOPH,
KaTo ca MOKa3aHU PEATHH MPUMEPH OT pabOTEelU CUCTEMHU.

[lerara rnaBa pasriexnga OaTepUUHUTE CHUCTEMHU 3a CbXpaHEHHE Ha
eHeprus. Pasrienanu ca mogpoOHOTO TSIXHOTO YCTPOHUCTBO, (PYHKITMOHATHOCTH U
paznuuan KoH(purypamuu. HampaBeH e aHanmu3 Ha ToleMHUTE OaTepUilHU
koMmIiekeu Haj 2 MWh, nanenu ca mpumepu 3a OXJIQJUTENHH cucTeMH. B
KOHTEKCTa Ha rjo0ainHaTa eHepruiiHa TpaHchopMmalusi HWHTErpanusTa Ha
OaTepuilHU CUCTEMHU 3a CbXpaHeHUE Ha eHeprus kbM OB uHCTamauuu € ot
KPUTHYHO 3HAYCHHE 32 CTA0MIIHOCTTA Ha eJIeKTpoeHepruitHara Mpexa. OcobeHo
npu toiemu OB mapkoBe OaTepumTe WTpasT BakHA POJS 3a HaMaJsBaHE HA
GIYKTyalMuTe U OCUTYPSIBAHE HA HAJCKTHH IOCTABKH HA €JIEKTPOCHEPTHSI.

B miecrara rnaBa ca onucanu coTyepHuTe CpeAcTBa 3a cuMmysaius Ha ©B
CUCTEMU W KOHKPETHU CHUMYJAIIMOHHHW W3CIeABaHUs (HAMpuMep Ha Malka
cucrema (2,76 kWp) cwc SolarEdge). dpyro cumynanuoHHO H3CIEIBaHE,
OTHCaHO B Ta3M TiaBa, ce 6aszupa Ha codryepa SketchUp/Skelion, upes koiito ce
peanusupat 3D monenu Ha crpagaTa Ha 12-Tu yueOeH OJIOK clie/l 3aCHEMAaHETO U
¢ apoH. IlpenuMcTBO Ha TO3U codTyep € MO-MPEHU3HOTO MPOCKTUPAHE U
OHarjeAsBaHe Ha pasmojokeHnero Ha @B manenn. OcBeH pasriekxIaHeTO Ha
CUMYyJAIIMUTE B IIECTa TJaBa € pa3paboTeH W alNTrOpUTHM 3a BHEApSBAHE Ha

2



Oarepust kbM chbllecTByBama @B 1eHTpana, Karo € U34KUCICH MPUXOABT MPH
JIBaTa BapHaHTa - Che U 06e3 Oarepusi. [lokazaHo e, ue mpu BHeIpsiBaHE Ha OaTepust
B CHCTEMara, MPUXOAbT OT Hesl ce yBeln4dana ¢ Haja 85 %. ABTOPBT mpenopbuBa
u300pbT Ha KOHKPETeH KamauuTreT Ha Oarepusita Ja € CcbhoOpa3eH cC
IpeaBapuTesieH CUMYJIAIMOHEH MOJel, KOUTO J1a u3paboTu JeTailjieH TOBapOB
rpaduK Ha KOHCyMalMsITa Ha TOTPeOUTEs.

Cenmara riaBa mpecTaBs pe3yJTaTHTe OT peanHo BHeapernn OB cuctemu
¢ xubpuauu mHeepropu (¢ momHocTH 3,7 kWp, 10,7 kWp u 126,7 kWp) u
cpaBHEHHUE Ha paboTa cbe U Oe3 OaTepum.

B 3akmtouenue msnonsBaHeto Ha OB cuctemu ¢ XuOpuIHU MHBEPTOPHU
JOTIpUHACS 3HAUMTETHO 3a HaMalsiBaHE Ha BBIJICPOAHHS OTICYATHK,
MOBHIIIABaHE HA €HEPTUitHATa HE3aBUCUMOCT Ha TIOTPEOUTEIUTE U ONTHMH3AIUS
Ha eJIeKTpoeHepruitHata uHPpacTpykTypa. JIOKAIHOTO MPOU3BOJACTBO Ha
CHeprusi, ChYeTaHO C MHTEIUTCHTHO YIPAaBIIEHUE U ChbXPAaHEHHUE, IMPECTaBIsIBa
yCTOWYMBA ajTepHAaTHUBA Ha TPAJAUIIMOHHUTE €HEPrUHHU MOJEIU U € KIIYOB
dakTop 3a ObJIEHIETO HA JEIEHTPAIM3UPAHATAa EHEPTeTHKA.

I'pyna I'7. Hayunu ny0JuKanuu B U31aHUA, KOUTO ca pedepupanu u
UH/ICKCHPAaHHU B CBeTOBHOU3BECTHHU 0a3M JaHHM ¢ HAy4YHA HHpopManus

1. V. Milenov, 1. Bachev and Z. Zarkov, "Performance of Foldable Photovoltaic Panels
in Real Conditions," 2025 19th Conference on Electrical Machines, Drives and Power
Systems (ELMA), Sofia, Bulgaria, 2025, pp. 1-5, doi: 10.1109/ELMA65795.2025.11083426
(SCOPUYS)

B Hacrosimara crtatvs € pealuM3upaHO H3CIEIBAHE HAa CHCTEMH 3a 3axXpaHBaHE Ha
MaJIOMOIIHU KOHCYMaTOPH Upe3 crbBaeMu (POTOBOJITANYHU MTAHEIH, CBBP3aHH KbM IPEHOCUMU
3apsAAHM CTAHLIMK C MallbK KamauurteT. Ta3u MHOBaTHBHA TEXHOJIOTUA Mpeisiara epeKTUBHO
pelieHre 3a 3axpaHBaHE Ha YCTpolcTBa 0e€3 JOCThI 0 €JeKTPOIpEeHOCHaTa Mpexa.
CrbpBaemute (HOTOBONITAUYHU MMAHENM MoraT Ja ObIaT Obp30 pa3MbHATH U BHBEACHU B
eKCIUIoaTalusl, OCUTYpsBaliKM He3a0aBHU pEIIEHUS 3a 3aXxpaHBaHE IPU HEOOXOJUMOCT.
KoMnakTHUSAT UM AM3aifH TI03BOJISIBA JIECHO ChXPAHEHHE M TPAHCIIOPTHUPAHE, KOETO TH MPaBU
yHHUBepcajdeH u300p 3a pasnuuHu TpuioxkeHus. [IpeacraBeHn ca BONT-aMIEpHUTE
XapaKTepUCTHKU Ha crbBaecmMuTe @B maHenn mnpu peasHH EKCIUIOATAI[MOHHU YCJIOBUA.
W3mepBanus ca mpoBeeHN KaKTO MPU MapaMeTpu, MaKCUMAIHO TOOIMKEHU 10 CTaHIapTHUTE
TECTOBH YCIIOBHS, Taka W TMpPH TMO-KpaHU yCIOBUS. AHANM3UpPaHO € BIUSHUETO Ha
3aCEHYBAHETO BbPXY €INEKTPUUYECKUTE UM MOKA3aTEIH.

Hayyno-npujioxun mnpuHocu: ExcriepuMEHTHpaHETO B pa3iuyHU pPEATHU YCIOBHS
(cpHUEBA paJMallds U TEMIIEpPATypa) cCrioMaraT 3a OBbJIEIIETO MOJICIHpPaHe U MTOJ00psIBaHE HA
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to3u Tun OB nanenu. Pe3ynrature sSCHO mOKa3BaT, 4e€ AOPU MUHHMAJIHO 3aCEHUYBAHE
(HampuMep BBbpPXY €Ha €AMHCTBEHA KJIETKA) MOXKeE Ja JIOBEE 0 3HAUYUTEIIHO HaMaJIIBaHEe HA
U3XOJHAaTa MOIIHOCT, KOETO MOJ4YepTaBa BUCOKATa YYBCTBUTEIHOCT HA TE€3U CHUCTEMU KbM
BB3/ICCTBUETO HA OKOJHAaTa cpena. HampaBeHO € cpaBHEHHME Ha pPa3iu4yHU THIIOBE
3aCE€HYBAHUS U CE CTUTA JI0 3aKIIOUYECHUETO, Y€ TPABUIIHOTO UM MO3ULIMOHUPAHE KbM CIBHLIETO
0e3 3aCEHUYBAHMS € OT CHIIICCTBCHO 3HAUCHUE.

2. V. Milenov, "Enhancing Portable Cabin Power Supply with Bifacial PV Panels,"
2024 16th Electrical Engineering Faculty Conference (BulEF), Varna, Bulgaria, 2024, pp. 1-5,
doi: 10.1109/BulEF63204.2024.10794889. (SCOPUS)

B Ta3u ctatus e npeacTaBeHO aBTOHOMHO pEIICHHE 3a 3aXpaHBaHE Ha MaJKu OOEKTU
TUN ,,KBIIMYKA/OyHTANO® Ype3 ABYJIHMIEBU (POTOBOJNTAUYHHU IAHENW KaTO ajTepHATHBAa Ha
JM3eJI0BUTE TeHepaTtopu. B koHkpeTHUs citydaii @B cucrema ce u3nomns3sa 3a 3axpaHBaHE Ha
pexiiaMHO OyHrano. To CiyKu KaTo MpeICTaBUTENICH IPUMED 32 MOOMIHU OOEKTH, KOUTO CE€
pasmosiaraT Ha pa3JIMYHM JIOKAIIMU KaKTO B CTpaHaTa, Taka U B 4y»OuHa. 3a pa3paboTBaHe Ha
CHUMYJIAIIMOHEH MOJICJ U aHAJIM3 Ha Pe3yITaTUTE € N3noi3BaH copryepsT PVsyst. 3pbpiiieH e
noJpoOeH Mpersiel Ha KOHCTPYKIUSATA M KOMIIOHEHTHTEe Ha aBToHOMHaTa ®B cucrema.
W3cnenBan € W NOTEHUMATbT 3a MamabUpPyeMOCT M HHTErpamusi ChC ChIIECTByBalla

uH(ppacTpyKTypa.

HayuyHno-npunoxuu mnpuHocu: CodTyepHHTE CHMYJAIUM IOKa3BaT J00pO €HEpruiiHO
npous3BoAcTBO Ha OB cucreMara pu pasjIinyHu METEOPOJIOTMYHU YCIIOBHS, KOETO JOKa3Ba, 4e
3axpanBaHeTo ¢ ®B cucremu Ha Manku OOEKTH, KOMTO HE ca CBBP3aHUM KbM Mpexkara, €
HambJIHO aJE€KBAaTHO M mpuioxumo. IIpoyuBaHeto mnoguepraBa e(QEKTUBHOCTTa U
€KOJIOTUYHUTE NPEIMMCTBA HA TAaKbB THUIl 3aXpaHBAHE CIPSMO TPAJULHUOHHUTE JU3EIOBHU
TE€HEPaTOpH - JIMIICA HA IIYM U BPEIHU EMUCHH.

IIpuaoxun npu”ocu: Ha 0aza cumynanmoHHMTE HU3CJIE€IBaHMS W peaiHara paboTa Ha
cucTemara ce J0Ka3Ba, 4e M3IO0JI3BaHeTO Ha JBynuileBn OB maHenn B KOHKPETHUS ciaydail
yBeJIMYaBa MPOU3BEIEHATa CHEPTUS CIIPSIMO TPAIUIIMOHHUTE €HOHUIICBH MTaHEH.

3. M. Mitova and V. Milenov, "Advancements in Photovoltaic Panel Recycling: Processes
and Challenges," 2024 16th Electrical Engineering Faculty Conference (BulEF), Varna,
Bulgaria, 2024, pp. 1-6, doi: 10.1109/BulEF63204.2024.10794945. (SCOPUS)

Crarusita € mocBeTeHa Ha M3CJIEABAHE W aHAJIU3 Ha €BPOMNEHCKOTO 3aKOHOJATEJICTBO,
CBBHP3aHO C YMNPaBICHUETO M TPETUPAHETO HA OTHAABLU OT EJIEKTPHUUECKO U EJIEKTPOHHO
o0opyaBaHe, BKIIOYUTETHO (JOTOBOITAUYHH TMaHe . ToBa u3cieBaHe ouepTaBa HaCTOSIIIUTE
1IeJIM ¥ U3UCKBaHUs B Tazu obnacT. [IpencraBenu ca Haii-ronmemure @B mapkose B brirapus.
HampaBena e mporHo3Ha orieHka 3a npenacrosmus opos @B manenu B appkasute oT EC 1o
2027 r. IlpencraBeHo € U MPOTHO3HO ChCTOSTHUE OTHOCHO Te€HEpUpaHeTo Ha otnaabi oT ®B
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na"enu 10 2050 r. Onucanu ca CTPYKTYpHUTE Ha HA-IIMPOKO M3IOI3BAHUTE (POTOBOITANYHU
naHesy (KpUCTalIHA TEXHOJIOTHSA), KAKTO U MO-PSAKO U3I0I3BaHAaTa ThHKOCIOWHA TEXHOIOT U
OT KaJIMUEB TEIypuT. Pasrienanu ca OCHOBHMTE METOJHU 3a TAXHOTO PELUKIHpaHE, KaTo ca
00CBACHU MIPEIMMCTBATA Ha BCEKH OT TSIX.

Hay4uno-npuiio:xkau npunocu: [Ipenioxen e moaxon 3a peuukiaupaHe Ha rojemu OB
[IEHTPaJIM, HACOYeH KbM €(QEKTHBHO OIIOJ30TBOPSBAHE HA TMAHEIUTE W HaMalsBaHE Ha
pasxoauTe 3a Taszu AeiHocT. Ch3aazeHa e KapTa ¢ KpaTka nHpopmals 1 0003HaueHHE Ha T10-
roiemure ®B nentpanu B bearapus. Cw3ganen e QR kox 3a mocTen A0 Kaprara, KOWTO
MO3BOJIABa OBbP30 OTBapsiHE Ha MecTtonoioxkeHneTo Ha OB mapkosere upe3 TenedoH, Tadbner
WJIM JIAITOIL.

4. V. Milenov and Z. Zarkov, "Assessing Battery Storage Feasibility for a 30 kW PV
Power Plant in the Bulgarian Electricity Market," 2024 16th Electrical Engineering
Faculty Conference (BulEF), Varna, Bulgaria, 2024, pp. 1-4, doi:
10.1109/BulEF63204.2024.10794936. (SCOPUS)

Cratusara pasriexjga eHepruiHUTE TOTOIU OT (POTOBOJTAMYHA CHCTEMa C MOIIHOCT
30 kWp, komOunampana c Oarepus c¢ kamamuter 30 kWh. IlowacoBo e mpencraBena
NpOM3BE/ICHATa EHEPrusi OT (POTOBOJTANYHATA CUCTEMa, KAKTO M KOJICOAHUsATA HA TTa3apHUTE
IICHH Ha eJICKTpOCHeprusita B bwirapus. Pasrinemanum ca pa3nuyHHTE THIIOBE OaTepHH,
U3I0JI3BaHU 32 MaJKH IeHTpanu. [IpencTaBeHn ca pa3iudHU CTpAaTerny 3a BHEIpPSBAaHE Ha
Oarepus kbM chbiiecTByBama ®PB cucrema. Pa3paboTen € Mojen 3a W3YMCIsIBAaHE Ha
eHepruiiHuTe noronn mexay PB cucrema, OGarepus u Mpexka. MoJenbT BKIHOYBA ChHIIO
EHEpTUIHUTE 1ICHN U U3YUCIIsIBaHE HAa PUHAHCOBUTE Mpuxoau. CTaTHsITa OMKUCBA TOAUIIHOTO
€JIEKTPONIPOM3BOJICTBO HA CHCTEMaTa M CHhOTBETHHTE Bapuallid B IICHUTE Ha
eJIEKTpOeHeprusaTa. B u3ciensaHero ca BKIOYCHH IpadUKu, CpPaBHSIBAIIU NPUXOIUTE ChC U
0e3 u3Mmo3BaHe Ha OaTepus, 3a Mecell U TOANHA.

Hayuynu mpuHocu: Pa3paboTeH € ONTHMHU3ANMOHCH alTOPUTHM 3a OMNpEIeiIsHe Ha Hai-
OyraronpusITHUTE MOMEHTH 3a MOJaBaHe Ha €Heprus oT Oarepusita KbM MpexaTta. Cb3aaieH €
METOJI 3a CpaBHCHHE Ha (¢uHaHcoBHTe Tpuxomu npu DB meHTpana ceec u 0e3 Oarepws,
OPUJIOKUM TPH Pa3uyHU KOoHpurypauuu. [lokazaH e NMOTEHUMANbT 3a yBeJIMYaBaHE Ha
MPUXOUTE TIPH UHTETpUpPaHe Ha OaTepust kbM DB cuctema.

Hay4yHo-npuioxuu npuHocu: Pa3paboTeHa e crparerust 3a OTJaBaHE Ha €HEpPrus oOT
OarepuaATra KbM MpekaTa B IEpHOAa C Hal-BUCOKM IIeHM Ha Oopcara. JlokazaHo e, 4e
U3I0JI3BaHETO Ha OaTepHs yBelu4yaBa 3HAYUTETHO Npuxoaa or @B cucremu, cBbp3aHu KbM
eJIGKTpHUYECKaTa MpeXka ¢ I1el Ipoiak0a Ha MPOU3BEACHATa EHEPTHSL.

5. L. Stoyanov, Z. Zarkov, V. Milenov, 1. Bachev and V. Lazarov, "Experimental Study
Of Photovoltaic Panels’ Degradation and Technology Evolution," 2024 9th
International Conference on Energy Efficiency and Agricultural Engineering (EE&AE),
Ruse, Bulgaria, 2024, pp. 1-5, doi: 10.1109/EEAE60309.2024.10600605. (SCOPUS)
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Cratus pasriexja M3CleBaHE Ha JierpajaiusaTa Ha paOOTHUTE XapaKTEpUCTUKH Ha
q)OTOBOJITaI/I‘-IHI/ITe MaHCJIN NPE3 TOAUHUTEC HAa CKCILIOATalMd, KOCTO € OT ChbIICCTBCHO 3HAYCHHUC
3a cooctBeHunTe Ha @B MHCTaNauy ¢ paznuyeH Mamad 1 pa3rnoyiokeHue — KaKTo B rpajicKa,
TaKa U B HU3BBHIpAACKa Cpcaa. AHaJ'II/ISI/IpaHI/I Ca MaHC/JIr, MPOU3BCIACHU IO IET pa3INYIHU
TCXHOJIOTMHU, OBa BHIAA KpPUCTAJIICH CI/IJII/IIII/Iﬁ (MOHO- u HOJ'II/IKpI/ICTaJ'IeH) n Tpu BHUOA
TBHKOCJIONHH TexHonorun (MukpokpuctaneH cwmuimii, CIGS u CdTe), xaro 3a menra ca
H3M0JI3BAHU CKCICPUMCHTAJIHU JAHHHU OT IET MPCKOBO CBBP3aHU (1)OTOBOJ'ITaI/I‘-IHI/I CHUCTEMU,
uHctanupanu B Codust, benrapus. Jlanaute o0XBamar AeceTroAnIIeH nepruoa Ha pabora npu
KOHTHMHEHTAJIEH KJIMMaT U pa3HOOOpa3HU MeTeoposIoTHYHH ycnoBus. [lomydenuTe pedynratu
MO3BOJIABAT (POPMYJIUPAHETO HA MO-UH(OPMUPaAH U300p Ha MOAXOAIIA TaHEeIHA TEXHOIOT U
B IIpolleca Ha MpoeKkThupaHe u opazMmepsaBane Ha @B cuctemu. Hakpas € mpeacTaBeHO KpaTKo
CpaBHEHHME Ha EKCIUIOATAllMOHHHUTE MOKa3aTeNd Ha Pa3jMyHU MOKOJEHHsS (HOTOBOITAUYHU
MaHeJH.

Hayynu npuHocu: YCTaHOBEHO €, 4Ye NPU KPUCTAIHUTE TEXHOJOTHMHM HaOI0/aBaHaTa
JIErpajialivs € 0-Majlka B CPaBHEHUE € Ta3H IIPU ThHKOCIOMHUTE naHenu. [Ipu Bcuuku nanenu
Ha OCHOBAaTa HAa CUJIMIMI TEMITBT Ha Jerpajalus HapacTBa ¢ Bpemero, nokato npu CIGS u
CdTe crenenra Ha Jerpajanys € Mo-3Ha4YUTEIHA B HAYAIOTO HA €KCIJIOATAIIMOHHHUS TIEPHOJ,
cJle]] KOeTO TEMITBT M HaMallsiBa.

Hay4yHo-npuiioxHu npuHocH: Peanusupanu ca peauna eKCepuMEeHTaIHN U3CIIeIBaHUS Ha
@B naHenu ¢ wen mpocieisgBaHe Ha TAXHaTa €()EKTUBHOCT 3a IBIT MEPUOJ OT BpEME.
Harpymana e romsma 0a3a eKCIIEpUMEHTAJHU JaHHU, KOWTO Ouxa OWIM OT TMoi3a 3a
nojgoOpsiBaHe Ha MmojenupaHero Ha PB nanenu. AHanu3bT MOKa3Ba, ye NPH IMOCTOSHHA
CJIbHYEBA paJuallys BIMSHUETO Ha TeMIlepaTypaTa BbpXYy M3XOJHATa MOIIHOCT HaMalsBa C
HalpeJBaHETO Ha JierpajalusaTa Ha MaHenuTe. VI3BbpIIEHO € CpaBHEHHE HAa HOMHUHAIIHUTE
€KCIUIOATallMOHHU XapakTepucTuku Ha OB nmaHenu mo xpucTajiHa TEXHOIOTHS OT PAa3IM4YHU
HOKOJIeHUs, Han4HU B Jlaboparopusita o Bb300HOBseMa eHeprus (EnekTpuueckn acnekTH)
B Enexrporexnnueckus Qaxynrer kpM Texnudecku yHuepcureT Codus. 3a mepuona ot
nocienHuTe 11 roguHM NpU MOHOKPUCTAJIHHUTE MAHENHU € OTYETEHO MOJOOpEHHE OT OKOJIO
40 %, moKaTo MpH MOJTUKPUCTAITHUTE MAaHETH 1ogo0penneTo goctura 96 % 3a uHTepBai ot 27
TOJMHU ¥ IPUOIU3UTETHO 25 % Mpe3 MOCIEAHOTO IeCETUIICTHE.

6. V. Milenov and Z. Zarkov, "Application of Hybrid Inverters in Photovoltaic Systems,"
2023 18th Conference on Electrical Machines, Drives and Power Systems (ELMA),
Varna, Bulgaria, 2023, pp. 1-5, doi: 10.1109/ELMA58392.2023.10202452. (SCOPUS)

B cratmara akueHTBT € MOCTaBeH BBPXY XMOPHIHHTE COJIAPHH WHBEPTOPH, TSAXHATA
cnienuduKa, MPUHIMI HA padoTa U nmpenrumcTBa. [1o-moapodHO € pasrienaHo NPUIIOKEHUETO
Ha XUOPHUIHU MHBEPTOPH BB (HOTOBOJITAMYHH CHCTEMH 3a COOCTBEHO MOTpeOIeHHE, KaTo ca
MpeJICTaBeHU U pUMEpHU ciaydau (case studies) Ha mompoOHu cuctemu. [lokaszana e GiokoBa
JMarpama, JEMOHCTpHpalla HauyMHa Ha CBBP3BaHE Ha XHOPUAEH WHBEPTOP KBM
€JIEKTPOpA3NpeeTUTEIHaTa Mpeka, KOHCyMaTopu U Oarepus. Pasrienanu ca paziauyHUTE
pexxuMu Ha paboTa Ha xuOpugHHUTE MHBepTOpH. [loKazaHU ca cTpaTeruu 3a ynpaBjieHUE Ha
3amacsBalluTe YCTpOWCTBa OT XuOpuAHMSA UHBepTop. Pasrienana € MOHUTOPHUHIOBaTa



wiatpopmMa Ha XUOPUAHMS WHBEPTOP UYpe3 peasieH NMpUMep Ha MOOWIIHO TPHIIOKEHHE.
[Monpo6HO ca 00ChIEHH MPEIUMCTBATA U HEAOCTATHIMTE HA XUOPUIHUTE HHBEPTOPH.

Hay4yHo-nmpuiioskHH mnpuHocH: Pa3paboTeHnm ca MaTeMaTHYeCKd H CHMYJIAMOHHU
MOJIENIA, KOWUTO TIO3BOJISIBAT MPEIU3HO W3YHCISBAHE HA BCHYKM MOIIHOCTH M CHEPTHITHU
MOTOIIM BBHB (POTOBOJNITAMYHATA CHCTEMa C XHOpPHIEH WHBEPTOpP — KAaKTO ChC, Taka U 0e3
aKyMmyJaTtopHa OaTepusi, KaKTO M B CHCTEMH C HM3HOC Ha EHEpPrHsi KbM MpeKaTa WM C
OrpaHWYaBaHE Ha W3HOCA HA CHEPrus KbM MpekaTa. MoIenbT JaBa BB3MOXHOCT 332 TOYHO
opa3MepsiBaHE Ha KaraluTeTa Ha OaTepusaTa, OTYUTAWKK creluUIHusS TOBapoB mpodui Ha
NOTPEeOUTENs,  XapaKTEPUCTUKUTE Ha  (HOTOBOJNTAMYHHWTE TAHETM W HAJIHYHHUTE
METEOpPOJIOTUYHN JaHHU. JlokKa3aHO e, 4e W3MOJA3BaHETO Ha (POTOBOJITAUYHU CUCTEMHU C
XUOpPHIHM WMHBEPTOPU 32 3aXpaHBaHE HA WHAYCTPUAIHHM OOCKTH 3HAYMTEIHO HaMassBa
TAXHOTO IOTPEOJICHHE HA EJIEKTPOSHEepPrHs OT MpekaTa M TOBHUIABA TIXHATa CHEPrUiHA
HE3aBHCHUMOCT.

7. V.Milenov and Z. Zarkov, "Modeling of Photovoltaic Systems for Self-Consumption,"
2023 15th Electrical Engineering Faculty Conference (BulEF), Varna, Bulgaria, 2023,
pp. 1-6, doi: 10.1109/BulEF59783.2023.10406197. (SCOPUS)

B cratusaTa e mpeacTaBeH MOIXOM 3a MOAEIHMpaHE Ha pabdoTara M EKCIUIOATAIIMOHHHUTE
XapaKTepUCTHKH Ha (OTOBONTAWYHM CHCTEMH, TpEeIHAa3HAYeHH 3a TPOU3BOJCTBO HA
€JICKTPOCHEeprusi 3a coOcTBeHO MOTpedieHue. C OBpP30TO pa3BUTHE Ha TEXHOJIOTHUTE 3a
COJIapHa €HEeprus U3MOJI3BAHETO Ha MOJ00HM CHCTEMH HapacTBa 3HAYUTEIHO. Pa3zpaboTeHHsIT
MOJZIETT TIO3BOJISIBA TNPEUU3HO H3YHCIIBAHE HAa MOLIHOCTUTE M EHEPTUHHHUTE IOTOIM BBHB
(GOTOBONTaNYHM CHCTEMH 3a COOCTBEHO TOTpeOJeHHe. AHaNM3MpaHW ca pa3IundyHU
KOH(UTYpamu: cbc M 03 MPUCHEIUHIBAHE KbM EIIEKTpOpas3NpeieuTeIHaTa Mpeka, CbC U
0e3 cucreMa 3a CbXpaHEeHHUE Ha EHEPT U, KaKTO U ChC ¥ 0€3 OrpaHNueHHMS 32 N3HOCA HAa EHEPIHsl.
Hanpasena e 6mokoBa guarpama Ha (DOTOBOJTaMYHA CHCTEMa 3a COOCTBEHAa KOHCYMAITHSl.
[IpencraBenn ca mpeauMcTBaTa Ha HM3MOJI3BAHETO Ha OaTepusi B CUCTEMHTE 3a cOOCTBEHa
KOHCYyMaIlUs.

Hayuynu npunocu: PazpaboreHusT Mojaen aaBa BB3MOXXHOCT 3a ONTUMH3AIMA Ha
CTpaTerusTa 3a W3MOJ3BaHE Ha OaTepusTa, aJanTUpPaHE Ha TOBApOBHS MPOPUIT KbM
npou3BoACcTBOTO Ha OB manenuTe, onpenensHe Ha HEOOXOAUMUS KamalTeT Ha OaTepusTa,
KaKTo | 3a ontuMm3anusg Ha @B cucTeMa KaTo msII10.

Hayuno-npuio:xuu npuHocu: IIpoBeeHoTo u3cieBaHe JoKa3Ba, Y€ ONPEAEISIHETO HA
TOYEH MOYAaCOB TOBAPOB MPO(UII € OT KIOUOBO 3HAUEHHUE 32 MPELU3HOCTTa HA U3UHUCIICHUATA
U TIOJyYEHUTE pe3yiTaTh. AHaIU3bT Ha PE3yJNTaTUTE OT IPOBEACHOTO M3CIIE/BAaHE JaBa
OCHOBAHME J1a Ce U3rPajiv XUIOTe3aTa, Ye P U3I0JI3BAHETO Ha OaTepysi HEYCBOCHATa CHEPTUs
npezcrasisBa camo 7,4 % oT o010 nmpou3BeqeHaTa CIbHYEBA €HEeprus 3a roguHara. Tosa
O3HauaBa, 4ye MOYTH [syIaTa HATMYHA CIIbHUEBA CHEPTHUS CE TPaHC(POPMHpPA B €JICKTPOCHEPTHS,
HaJIM4HA 32 OIIOJ30TBOPSIBAHE OT KUJIMIHATA crpajsa. ToBa KIMEHHO IpEACTaBIsIBA OCHOBHATA
Hapajgurma 3a U3noiI3BaHe Ha (POTOBOJITANYHU CUCTEMH 32 COOCTBEHO MOTpeOIeHHE.



8. Z. Zarkov and V. Milenov, "Study of PV System for Electricity Production for Self-
Consumption," 2022 14th Electrical Engineering Faculty Conference (BUlEF), Varna,
Bulgaria, 2022, pp. 1-5, doi: 10.1109/BulEF56479.2022.10021163

B cratmara ca mpencTaBeHHM MpPEKOBO CBBpP3aHU  (DOTOBOJITAUYHH  CHUCTEMH,
npeHa3HAYCHH 3a IPOU3BOJICTBO Ha €JICKTPOSHEPrus 3a COOCTBEHO moTpedieHue. Pasrienann
ca nBa cirydast (case studies) Ha pOTOBONTAMYHU CHCTEMHU 32 COOCTBEHO MOTpedieHne — 0e3 u
ChC CHCTEMa 3a CbXpaHEHUE Ha eHeprus. Pa3paboTeH € KOMIIOThPEH CUMYJIAMOHEH MOJIEI B
cpenata Ha Excel. B Hero e BHempeHa W cTparerus 3a YNpaBJICHHUE Ha Oarepusra.
[IpencraBeHuTe pe3ynTaTu Moka3Bar 0OMEHa Ha MOIITHOCTH B CUCTEMHTE C BPEMEBA CTHIIKA OT
1 uac. Peanm3upan ¢ rojauiieH eHeprueH OanaHc. HampaBeHO € W CpaBHCHHE Ha
SKCIUIOATAIMOHHUTE XapaKTCPUCTUKU Ha CHCTEMara MpH M3MOJ3BaHE Ha JIBE OaTepuu C
pa3iMueH KamauuTeT. Peanu3upaH € CPaBHUTENCH aHAIW3 HA PAa3MYHUTE BapUAHTH, O]
¢opMaTa Ha KpBIOBU AUATrPAMH.

Hayq}m NPUHOCH: HanpaBeHa c KHaCH(bHKaHHH CIIOpCJ] HaYMHA Ha H3IOJI3BAHC Ha
CUCTEMaATa 3a CbXpaHCHUC U HAYMHA Ha B3aUMOJICUCTBHE C CJICKTpUYICCKATa MpeEiKa. C"bSI[aI[eH
€ MaTCMaTU4YCCKHU MOACI 3a U34YHMCIIIBAHC Ha MOIIHOCTTA Ha CI)OTOBOJ'ITaI/I‘IHa CHUCTEMaA, KaToO Ca
OTUCTCHH OPUCHTALIUATA HA ITAHCIIUTC U BJIMAHUCTO HAa TEMIICpATypaTa Ha KIICTKUTC.

[punoxun npunocu: Cucremara 3a ChbXpaHEHHE HA CEHEPrus yBeJIWYaBa Jejia Ha
COOCTBEHOTO TOTpeOJICHUE Ha CIIbHYEBAa eHeprus. Bbopeku Bce olle BUCOKUTE IIEHU Ha
OarepunTe Ta3u KOHPHUTypaIHst MOKe 1a ObJie 0COOCHO T0JIe3Ha B CbBPEMEHHUTE YCIOBUS Ha
MHOTO BUCOKH IIEHH Ha eJIeKTpoeHeprusaTa. Pa3paboTeHUsAT MaTeMaTUYECKU MOJIEN ITO3BOJISIBA
MPENHU3HO Opa3MepsBaHE Ha KalaluTeTa Ha OaTepusTa B 3aBHCHMOCT OT CHCIU(PUIHUTE
XapaKTepUCTUKU Ha ToBapa. [[okazaHo e, ye u3noyizBaHeTo Ha eHeprusa oT @B cucrema 3a
coOcTBeHO NMOTpebiIeHne HaMalIsBa 3aBUCUMOCTTA OT €JIEKTPOpa3NnpeesIuTeIHaTa MpexKa.

9. Z. Zarkov and V. Milenov, "DC-DC Converter for Adaptation of Thin-Film PV Panel
I-V  Characteristics for Microinverter," 2022 International Conference on
Communications, Information, Electronic and Energy Systems (CIEES), Veliko
Tarnovo, Bulgaria, 2022, pp. 1-5, doi: 10.1109/CIEES55704.2022.9990886. (SCOPUS)

B crarusta akmeHTHT € mocTaBeH BBpXy mojaenupanero Ha DC-DC mpeoOpa3ysaren 3a
CBBpP3BaHE Ha THHKOCIOCH (HOTOBONTaMUYEH TMaHEN KbM MHUKpouHBepTop. llpeacraBeHo e
pa3paboTBaHETO HA CHUMYJAMOHEH MOJET Ha (POTOBOJNTAaMYHA CHCTEMa, CHCTOAIIA CE OT
ThHKOCIOeH OB nanen, cnenuanuzupan DC-DC npeoOpa3sysaren u mukpounseptop ¢ MPPT
anroputbM. OcHOBHaTta uaes Ha paszpaboTkarta € BbBexkaaHeTo Ha DC-DC mpeoGpasyBaren
MEXIy eIWH Wik JaBa (OTOBOJTAWYHM TIaHETa WM MHUKPOMHBEPTOp, KOHTO 1a ajantupa
BOJIT-aMIIEpHATa XapaKTepUCTUKa Ha MaHEIUTe KbM BXOJHUTE M3UCKBAHMUS HA MHBEPTOpA.
[Tokxazanu ca pealiu3upaHUTE MOJAEIU HA OTIEIHUTE €JIEMEHTH, KaKTO U I[SUIOCTHUS MOJEIN B
cpenra Ha Matlab Simulink. 3a wyxmure Ha MPPT koHTponepa e u30paH METOABT Ha
WHKpPEMEHTaJIHaTa MpoBoauMocT (incremental conductance).



Hayuynu npunocu: Cn3manen e xommioTbpeH Mozaen Ha DC-DC mpeoGpasysarern.
[lomyyeHnure BOAT—aMIEPHU XapaKTEPUCTUKHM MOTBBPXKAABAT NpaBWIHATA My paborta.
Pesynrarure nokasBart, 4e U3XOJHUTE My XapaKTEPUCTUKN KOPEKTHO BB3IIPOU3BEXkKAAT TE3U HA
CBBbp3aHUs (POTOBOJITAUYEH IAHEN, HO MIPH PA3JIMYHU CTOMHOCTH Ha HAIPEKEHUE U TOK, KaTo
CBIIEBPEMEHHO C€ 3aIla3Ba €EKBUBAJIECHTHATA U3X0HA MOILIHOCT.

Hay4Ho-npuioskau npuHocu: Peanusupanu ca MOJeIN Ha OCHOBHUTE KOMIIOHEHTH Ha
enqHa @B cucrema B cpema Ha Simulink. TIpeoOpa3yBaTensT maBa B3MOXKHOCT aa ObaaT
cBbp3BaHu pasnuueH TN OB maHenum KbM MHBEPTOP € pa3iIMYHO BXOJHO HAIIPEKEHUE.
Bb3moxkHOCTTa 3a paboTra ChBMECTHO ¢ wuHBepTop, usmomsBam MPPT anroputrem, e
JEMOHCTPHUPAHa Ype3 CUMYJIAlMK ¢ U3KYCTBEHO F€HEPUPAHU U PEATHH [TOCIIE0BATETHOCTU OT
JTaHHM 3a CI'bHYEBATA pPaJuaLysl.

Mpuaoxun npuHocu: [THIHUSAT MOAET JaBa BB3MOKHOCT Ype3 EKCICPUMEHTH Ja ce
H3CIICABAT CTATUYHUTC XAPAKTCPUCTHKU U JUHAMUWYHOTO IMOBCACHUEC Ha Lidj1aTa CUCTEMaA IIpH
IMPOMCHJIMBA CJIBHUYCBA paualya U TCMIICPAaTypa Ha KIICTKUTC 3a CPABHUTCIIHO JbJTU IICPUOAN
OT BpeMme.

10. R. Spasov, E. Rachev, V. Petrov and V. Milenov, "Determining the Equivalent Circuit
Parameters of Three-Phase Induction Motor from the Manufacturer's Technical Data," 2022
14th Electrical Engineering Faculty Conference (BulEF), Varna, Bulgaria, 2022, pp. 1-4, doi:
10.1109/BulEF56479.2022.10021178. (SCOPUS)

CraTtusta uMa 3a 1)1 JIa HalpaBH CPABHUTEIICH aHAIM3 HAa XapaKTEPUCTUKUTE, TaJICHU OT
MPOU3BOIUTENl HAa ACHHXPOHHH JBUTATEIH, C TE3HW, IMOJYYCHH B CHMYJIAIMOHEH MOJEI,
u3paboreH B Matlab Simulink. B mporeca Ha Bepudukamnus Ha MpOU3BOICTBEHUTE ITOKA3aTEITN
ca MOJC/IMpaHW pa3jMYH{A W3MUTBAHUS Ha JBUTATEINlA: W3IHUTBAHE C IOCTOSHEH TOK 3a
WICHTU(QUIMPAHEe Ha CHIPOTUBICHUETO HAa CTATOpa, HM3MHTBAaHE Ha TPa3eH XOJ, KBbCO
ChEIUHCHUE, KAKTO M CHUMYJalus Ha paboTa moa ToBap. MOAETBT € H3TPajeH BBPXY
€KBUBAJCHTHATa CXeMa Ha JBHTraTellsi, KaTo HETOBHTE IMapaMeTpu C€ ONpeAeisaT IO
METOOJIOTHATA, TPEUIOKEHA B HACTOSAIIATa padboTa.

HayuHno-npuioxxuu npunocu: Ch3aazneH e aJeKkBaTeH MOJEN Ha JBUTATels B cpeaara
MATLAB/Simulink, koHTO H34nCIsIBa TapaMeTPUTE Ha EKBUBAJICHTHATA CXeMa Ha JAIBUraTeJIsl.
Peanu3upanuar Momen MoXKe Ja ce HW3IO0J3Ba 3a OLGHSABAaHE Ha peaulla MapamMeTpu Ha
JIBUTATEIIS.

11. Z. Zarkov and V. Milenov, "Modeling and research of photovoltaic system with
microinverter," 2021 13th Electrical Engineering Faculty Conference (BulEF), Varna,
Bulgaria, 2021, pp. 1-4, doi: 10.1109/BulEF53491.2021.9690817. (SCOPUS).

CraTusara mpeacTaBsi TEOPETHYHO M EKCIIEPHMEHTAIHO M3CiIeaBaHe Ha (OTOBOJITAUYHA
cucTeMa, CBbp3aHa KbM EJIeKTpUUecKaTa Mpeka MoCcpeICTBOM MUKporHBEpTOp. [lomyuenure
MOJIEJIN C€ U3I0JI3BAT 32 U3YMCIISIBAHE HA IPOM3BEIEHATa MOITHOCT OT MaJjIKa ()OTOBOJITANYHA
cucreMa. Karo BXOAHM JaHHU ce M3MOI3BAaT CTOMHOCTUTE Ha CIIbHYEBATa pajuainus B
paBHMHATa Ha IaHeJa U TeMIlepaTypaTa Ha okoyHata cpena. Lleauar monen e pazpaboreH B
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codryeprara cpena Matlab. [IpousBexxgaHata OT cucTeMaTa MOITHOCT 3a MPOIBIIKUTEICH
HepUoJI OT BpEME € PErUCTpUpaHa upe3 Crelualn3upad aHaIU3aTop Ha eJIEKTPUUECKa EHEPTHSL.
[IpencraBenn ca peaqHH JaHHHM 3a padoTaTa Ha CHCTEMaTa MpH Pa3IUYHU CTOWHOCTH Ha
CITbHYEBA paJHals, MOydYeHH Ype3 MOHUTOPHHT ropTania Aurora Vision. MoHHTOpHUHTOBaTa
cUcTeMa IT03BOJISIBA HATPYIBAaHETO Ha OOmIMpHa 0a3a €KCIEPHMEHTAHU JAHHH U TI0 TO3U
HAYWH OCHUTYPsIBa CPABHEHUE HA ITPOU3BOICTBOTO MPH PA3TTMUYHU METCOPOIOTUIHH YCIOBUSI —
Ipe3 3umaTa U Mpes JIATOTO.

Hayynn mnpuHocu: Pa3paboTreH € MaTeMaTH4ecKd Mojen 3a e(eKTHBHOCTTa Ha
¢doroBodTanYeH MoOIyJ, Oa3upaH Ha TEOPETHUYHO H34yucieHuTe BoiuT—amiepuu (I-V)
XapaKTepUCTUKH Ha TMaHeNa.

HayuHo-npuno:xkau mpuHocu: Ch3IaZicH € MaTeMaTHueH MoOjel Ha e(EeKTHBHOCTTa Ha
eqHo(a3eH MHUKPOWHBEPTOpP dYpe3 amnmpoKCUMalus ¢ JApoOHO-paIioHamHa  (QyHKITUS.
Peamm3upana e ronmsma 0aza eKCIIEpUMEHTATHH JaHHH, KOsATO OW Owia Toie3Ha 3a
1o100psiBaHe Ha MOJICIIMPAHETO HA TAKbB THUIT CHCTEMH.

12. E. Rachev, V. Milenov and V. Petrov, "Using induction motor models for e-learning,"
2021 13th Electrical Engineering Faculty Conference (BulEF), Varna, Bulgaria, 2021,
pp. 1-4, doi: 10.1109/BulEF53491.2021.9690807. (SCOPUS)

B crarusra e pasrinenan Mojen Ha eHOGA3eH aCHHXPOHEH JBUTATEI, MOIXO/ISI KaKTO 3a
JTUCTAHIIMOHHO O0yUYEHUE Ha CTYICHTH IO eJICKTPUYECKU MALITUHY U €JICKTPO3a/[BUKBAHE, TaKa
Y 32 aHAJIU3 Ha JBUTATEIS C [eJl ONpeIeNiTHE Ha ONTUMAIIHA KOHCTPYKTUBHU napametpu. [Ipu
eqHo(a3HUTEe ACHHXPOHHU [BUTATENId € HEOOXOAUMO Ja C€ MOCTHrHE OamaHc MexXIy
MyCKOBUTE U pA0OTHUTE XapaKTEPUCTHKHU, OCOOCHO B CITy4auTe, KOTATO CE M3IMOJI3Ba CaMO €TUH
paboTeH KoHAeH3aTOp. [Ipe/UTOKCHHUIT MOJEN IO3BOJISIBA OMPEACIISHETO HAa ONTHMATHHS
KalmanuTeT Ha paOOTHHUS KOHACH3aTOp, Taka dYe Ja OBJaT IMOCTHTHATH W3UCKYEeMHUTE
€KCIJIOATAIUOHHN XapaKTePUCTHKH.

Hayuno-npuio:xkau mpuHocu: Ch3maleH € MoJe]I Ha aCHHXPOHEH JABUTaTe]l B cpeaa
Matlab/Simulink. Peanuzupan e MeTo/1 32 ONITUMATHO ONPECIISIHE HAa KaNal[uTeTa Ha pabOTHUS
KoHAeH3aTop. Ch3IaJIeHUAT CHUMYJIAlMOHEH MOJENl KOPECHOHIUpa C PEaHUTE aHHU OT
71a00paTOPHOTO YIPAKHEHUE, KOSTO CTYJICHTUTE U3ITBJIHABAT B yHUBepcHuTeTa. [10 TO3M HaYMH
Ce IIeJM OCUTYpsiIBaHE Ha MaKCHUMallHa OJM30CT MEXKIY CUMYyJIMpaHara W peaiHaTta pabora B
nabopaTopHa cpefa.

Ipuaoxuau nmpuHocu: B cratusta ce mpemiara CTparerws, Mpud KOSATO BHUMAHHETO Ha
CTYJICHTUTE C€ HW3MECTBa OT CBBP3BAHETO HAa cXeMaTa W TpaUYHOTO TPEICTaBSIHE Ha
pa6OTHI/IT€ XapaKTCPUCTHUKU HA ABUTATECIIA KbM U3CJICABAHCTO HA BJIMAHUCTO HA KallalUTCTA HA
paboTHHUS KOH/IEH3aTOP, KOWTO MPH JIA00OPATOPHOTO yIpaxHeHHe € pukcupaH. ToBa mo3BoIsIBa
U3I0JI3BaHETO Ha ye0-0a3MpaHO MPHIIOKEHHE Taka Y€ CTYACHTHTE Ja He ce HYXIasAT OT
JIOKaJTHO MHCTanmupaH Matlab.
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13. V. Milenov, 1. Bachev, L. Stoyanov, Z. Zarkov and V. Lazarov, "Indoor testing of solar
panels," 2020 12th Electrical Engineering Faculty Conference (BulEF), Varna,
Bulgaria, 2020, pp. 1-4, doi: 10.1109/BulEF51036.2020.9326084. (SCOPUS)

B nacTosimiaTta cratus ce nmpeAcTaBsl eKCIEPUMEHTAIHO U3CIIEABAaHE Ha Pa3jINYHU BUI0BE
¢dboTOBONITANYHM TAHETU B JIAOOpaTOpPHHU YcloBHs. EKCepUMEHTUTE ca MPOBEIEHU 4Ype3
71a00paTOPEH CTEHT 3a u3cienBaHe Ha ()OTOBOJATANYHH TAHENH, peaTu3rupaH B JabopaTopusita
»EHEPTUS OT BB30OHOBAEMH CHEPTrUWHU W3TOYHUIM (CJIEKTPUYECKH AaCHeKTH) KbM
Texunyecku yHuBepcurer Codus. V3BbpieHa e cepuss OT €KCIEPUMEHTH MPH Pa3IUYHU
YCIIOBUSI Ha TECTBAHE — BapHUpaHE Ha OCBETEHOCTTA, TeMIlepaTypaTa, Pa3CTOSHUETO MEXKIY
¢dboToBONTANYHHMSI TAHET ¥ U3TOYHUKA HA CBETJIMHA, KAKTO U U3IOJI3BaHE HA Pa3IMYHU TUIIOBE
3axpaHBaHe 3a XaJOTeHHHUTE JaMIH. B paMKuTe Ha MPOBEICHOTO U3CEABAHE Ca TECTBAHH IET
pa3nuuHu (OTOBONTAWYHHM TaHENa — MOHOKPHUCTANEH CHIMLIUK (mSi), MOJUKpPUCTAIICH
cwmnuid (pSi), amopden cumummii (aSi), mea-unauii-ramueB nucenenun (CIGS) u xkagmuen
tenypun (CdTe). [Tonydenute pesynraTi AEMOHCTPUPAT BB3MOXKHOCTHTE Ha TaOOPAaTOPHOTO
o0opyaBaHe U OUYepTaBaT HACOKHU 32 OBJICIIHN U3CIICIBAHUSI.

Hay4yHo-npu/10:KkHU NPHHOCU: YCTAaHOBEHO €, Y€ 3aXpaHBAaHETO C NPOMEHJIMB TOK Ha
XaJIOTEHHUTE JIJaMIIH B COJApHUS CUMYJATOp BOJMU JI0 MYJICAllMU HA CBETIMHHUS MOTOK. ToBa
OT CBOs CTpaHa MPeIU3BUKBA MyJICAllMU HA TOKA Ha KbCO ChEIMHEHUE Ha MMaHEJIUTE U BOIH J10
nebopManuu Ha BOJT—aMIEPHUTE XapakTepucTUku. Pemienne Ha TO3M mpobieM e
U3I0JI3BAHETO HA 3aXpaHBaHE C MOCTOSHEH TOK 3a COJIAPHUSI CUMYJIATOp. Y CTAHOBEHO €, Ue MpU
U3I0JI3BAaHE Ha XaJOreHHH JaMIM 3a CUMYJUpaHE Ha CIbHYEBA CBETJIMHA ce HabiioJaBa
HEPaBHOMEPHOCT Ha CBETJIMHHUS MOTOK, Majall BbpXy (HOTOBOITAUYHUTE MAHEIH, KOETO BOIU
no nedopmanms Ha U3MEpPEHHTE BOJT—aMIIEPHH  XapakTepucTuku. [IpoBeneHute
eKCIIEpUMEHTATHU U3CTIeABaHMs ca Jo0pa 6a3a 3a mogoOpsiBaHe Ha M3MOJI3BAHUS CUMYIIATOP,
KaTo ce MPOMEHH 3aXpaHBallOTO HAMpPEeXEHHE OT MPOMEHINBO Ha MOCTOSHHOTOKOBO, KAaKTO U
U3CJeIBaHe C IPYT TUIl JaMiu. CTyIEHTUTE U3IMOI3BAT CIFHUEBHS CUMYIIATOP 32 MPOBEXKIAHE
Ha YIIpakKHEeHUE B JTa00paTopHsTa.

14. Z. Zarkov, V. Milenov, 1. Bachev and B. Demirkov, "Grid connected PV systems with
single-phase inverter," 2019 11th Electrical Engineering Faculty Conference (BulEF),
Varna, Bulgaria, 2019, pp. 1-5, doi: 10.1109/BulEF48056.2019.9030797. (SCOPUS)

CrarusiTa ipeicTaBsi aHAIW3 Ha (POTOBOJITAMYHA CUCTEMA, CBbpP3aHa KbM €JICKTpHUECKaTa
Mpexka. Cucremara € ChCTaBeHAa OT: CTPUHT OT (POTOBONTAMYHM TaHENH, enHOo(pa3eH
TpaH3uctopeH uHBepTOp, LC - GOUATBp M HUCKOUECTOTEH TpaHCcPopMaTop, CBBP3aH KbM
MpexaTta. Cucremara ce ympapisiBa C alllOPUTBM 3a CIIEIEHE Ha TOYKAaTa Ha MaKCUMajHa
motrHocT (Maximum Power Point Tracking, MPPT) na ®B ctpunr. Cp3aanen e noapodeH
CUMYJIAIIMOHEH MOJIE] Ha LslaTa CUCTEMa, BKIIOUMTEIHO M AJITOPUTMHUTE 3a YIIpaBJCHUE.
Uznom3Banust meron 3a MPPT e ,,cmymienue Habmonenue®. [IpoBeneHo € cuMynalmoHHO
M3CIIEIBAHE NPHU MPOMsIHA Ha CIIbHUYEBATA PAJIMALIUS U PE3YyJTAaTUTE MOKA3BAT PEATMCTUYHO
noBeJieHue Ha paspadborenus moaen Ha MPPT anropursma. Pesynrature oT cuMmynanusra ca
CpPaBHEHH C EKCIIEPUMEHTAIHU TECTOBE BBPXY peasieH (hOTOBOJITAWYCH MACHUB ChC CHIIUTE
napaMeTpH U € yCTaHOBEHO JOOPO ChBIA/ICHUE.
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Hayuynu npunocu: C noMo1iTa Ha CHMYJIallMY U €KCIIEPUMEHTH € JOKa3aHo, Y€ U3XOIHUAT
TOK Ha UHBEPTOpPA CE NU3KPUBSABA HE CAMO [TOPaJy HECHBBPIIEHCTBATA HA NHBEPTOPA U HETOBOTO
yIpaBJIE€HUE, HO M IOpaJyd HECHHYCOUAAIHOTO HAIPE)KEHHWE HAa MpekaTa B TOYKaTa Ha
CBBbpP3BaHE.

HayuHo-npusio:xun npuHocu: Pa3paboren e cumynanuoneH monaen Ha @B cucrema c
eaHo(a3eH MHBEPTOP, CBHP3aH KbM eleKTpuueckata mpexa. [lomydeHu ca cuMynalMOHHU
pe3yaTaTi, KOUTO IEMOHCTpUpAT paboTara Ha CUCTeMaTa B aJiekBaTHOTO noBeaeHne Ha MPPT
KOHTpoJIepa.

15. V. MILENOV, Z. ZARKOV, B. DEMIRKOV and I. BACHEV, "Modeling of
Electrical Characteristics of Various PV Panels," 2019 16th Conference on Electrical
Machines, Drives and Power Systems (ELMA), Varna, Bulgaria, 2019, pp. 1-5, doi:
10.1109/ELMA.2019.8771692. (SCOPUS)

Pa3paboren e maTemaTHMueckd M CHUMYJIALIMOHEH MOJEJ 3a HU3YHUCISIBaHE Ha BOJT-
amriepHuTe xapaktepuctuku Ha @B nanenu u @B reneparopu npu 3aajeHd MHTEH3UTET Ha
CITPHYEBOTO JIbUCHUE M TeMIlepaTypa Ha KieTkute. MoaensT e npuiioxkeH 3a ®B manenu ot
NeT Pa3IUYyHU THUMA, KOUTO ca MPOU3BEACHHM IO Pa3IMYHU TEXHOJOTHH U OT pPa3IUYHU
MaTepuaiy.

Hayunu npunocu: [TocpencTBoMm cuMytallnOHHHSI MOZIEIT MOKE J1a C€ OIpeieu K.I1.J. Ha
@B maHenu mpu MPOU3BOJIHU PabOTHU YCIIOBUS (CIbHUYEBA pajualus W TeMIleparypa Ha
KJIETKUTE) Ha Oa3aTa Ha MOJieia Ha BOJIT-aMIIEPHUTE XapaKTEPUCTHKH.

I'S. Hayynu ny0aukanuu B HepedepupPaHU CIIUCAHUSA C HAYYHO
peleH3upPaHe WIH B PeJaKTHUPAHU KOJEKTUBHU TPYyAOBe

16. MunenoB, B. A., Tomos, II. K., MuroBa, M. Il., umos, /. C, NHoBammonex
EBponeiicku Texnonoruuen Yuusepcurer INNO EUt+ XXXII ISTC Automation of
Discrete Production Engineering, issue 5, pp. 143-145, 2023, Bulgaria, Sozopol, ISSN
2682-9584

[lenTa Ha craTusATa € ;na ce pasrieaa noAapooHo aeitHocTTa HAa poekt MHHO EUt+ n na
ObJaT MpeiCcTaBeH! MapTHHOPUTE MO MPOEKTa W HOBUAT ajMaHC, KOMTO € copmupaH ot 8§
€BpOIENCKH YHUBEPCUTETH 110]] HAMMEHOBAHUETO ,,EBPONEHCKN TEXHOJOTMYEH YHUBEPCUTET .
[IpencraBenu ca MoixydeHUTE pe3yJTaTH Mpe3 MIbpBaTa roJuHa OT ABYTOJUIIHUS MEPUOJ Ha
npoekta. [lonpoOHO ca pasrienaHu W3BBPIICHUTE ACHHOCTH MO MPOEKTa W OBbACIINTE
WHUIMATUBU U JEeWHOCTH. Pasrienanu ca AeHHOCTUTE MO yKpemBaHE Ha MapTHHOPCTBATa
MEXy pa3uYHUTE TAPTHHOPHU IO MPOEKTA.

IIpunoxuu npunocu: Peanmmsupanu Osixa peauia 00ydeHUst Ha CTYJAECHTUTE 110 MPOEKTa.
Han 200 cTtynentu yyactBaxa B pa3indyHu 00y4deHUsI, KaTO Hal-100pUTEe NMaxa Bb3MOKHOCT
Jla ThTYBAT JI0 pa3IM4HU cTpaHu B EBpona u /1a B3eMaT yyacTue B ChCTE3aHUs,
OpraHU3HMPAaHU OT YHUBEPCHUTETH, YIACTBAIIHM B TIPOEKTA.
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3akiroueHue

N3cnenBanusaTa B mpeIcTaBEHUTE TPYAOBE MOXKE Jla c€ 0000IIAT B CACAHUTE TPYTIH:

1. W3cnenBane u aHanu3 Ha (OTOBOJNTAMYHU CHUCTEMM C PA3IMYHU BHUJOBE COJApHU
unsepropu: (1), (2), (3), (4, (5), (6), (7), (8), (9), (11), (13), (14), (15).

2. W3cnenpane u aHanu3 B enekTpuuecku mamunau: (10), (12).

[IpencraBsHe Ha U3BBPILIEHUTE IEHHOCTH 110 MPOEKT: (16).

4. ®oTOBONTAMYHH CUCTEMHU C XUOpHIHU uHBepTOpuU: (M1).

(98]

[IpuHocuTe nMat 1 oOpa3oBaTesieH acleKT, 3al0TO MpU 00YUYEHUETO Ha CTYICHTHUTE TI0
TUCIUTIIUHUTE: ,,EKONOTHS M BBH30OHOBSEMHM WM3TOYHHUIIM Ha €Heprus’, ,,Br300HOBsieMU
€HEepPruiiHN W3TOYHHUIM U €JICKTPUUYECKU F'eHEPATOPU ™ 3a CTYJCHUTE OT EJIEKTpOTEXHUYECKUS
dakynteT u ,,Bp300HOBsIEeMH W3TOYHHUIIM Ha €Heprus™ 3a cryaenute oT dakynrera 1o
WHAYCTPUATTHU TEXHOJOTHH CE€ HW3IMOJ3BAaT OOpa30BaTEHM TMOXBATH U HAYYHO-TEXHUYECKU
MOCTHKEHUS TUCKYTUPAaHU B MOHOTpausaTa U CTaTUUTE.

13



Abstracts of scientific papers and reference of contributions

of Assist. Dr. Eng. Valentin Angelov Milenov
for participation in a competition for the position of Associate Professor in
the professional field 5.2 "Electrical Engineering, Electronics and
Automation", specialty "Electrical Machines", for the needs of the
Department of Electrical Machines and Industrial Electrical Engineering,
Faculty of Electrical Engineering of the Technical University - Sofia,

announced in DV issue 101 of 27.11.2025

A total of 17 works of the candidate were submitted for participation in the
competition, which include:

e  Habilitation work — monograph;

e To meet the indicators from Group G, 15 publications indexed in
Scopus and 1 publication in non-refereed journals with scientific peer review are
presented.

Group B3. Habilitation thesis — monograph
MI1. Milenov, V., Photovoltaic systems with hybrid inverters

The monographic work is developed in a volume of 146 printed pages and
1s formatted in seven chapters. It contains 149 graphic images and a bibliography
from 150 literary sources.

The first chapter presents general data on the development of renewables
and photovoltaic systems around the world. Statistics on installed capacities,
trends in energy production and issues related to the recycling of PV panels are
considered.

The second chapter analyzes the different technologies for PV cells and
modules — from standard crystal cells to innovative solutions such as PERC, back-
contact and double-sided panels, and makes a comparative analysis between them.
A graph with the historical development of crystalline silicon PV cells after the
introduction of PERC technology has been implemented. Particular attention is
paid to double-sided PV panels, which are becoming more and more popular and
begin to dominate the market at the expense of single-sided panels, due to their
excellent characteristics and wide applicability.

The third chapter presents the types and classifications of inverters for PV
systems. A classification has been made according to power — central, string,
multistring and microinverters; according to their connection to the grid — "On
Grid" and inverter type "Battery ready".



Basically, PV inverters are divided into three types:
. with a network connection;
. without a network connection;
. Hybrid inverter.

The fourth chapter is dedicated to hybrid inverters. A modern classification
of these devices has been made, and different types have been described (off-grid
with AC charger, all-in-one, inverters with DC-only optimizers). Various
strategies for managing hybrid inverters are analysed — priority self-consumption,
backup power, load balancing, operation in island mode and others. Choosing the
right strategy is essential for the efficiency and reliability of battery PV systems,
proving that adaptation to specific operating conditions is key to achieving
optimal results. The option of a hybrid inverter with intelligent load is considered.
An algorithm has been created to turn on the smart load under certain conditions.
An overview of the software systems for monitoring and data collection in PV
systems with hybrid inverters is made, and real examples of operating systems are
shown.

Chapter Five looks at battery energy storage systems. Their structure,
functionalities and various configurations are discussed in detail. An analysis of
large battery complexes over 2 MWh has been made, examples of cooling systems
have been given. In the context of the global energy transformation, the
integration of battery energy storage systems into PV installations is critical for
the stability of the electricity grid. Especially in large PV parks, batteries play an
important role in reducing fluctuations and ensuring a reliable supply of
electricity.

The sixth chapter describes software tools for simulation of PV systems and
specific simulation studies (e.g. on a small system (2.76 kWp) with SolarEdge).
Another simulation study described in this chapter is based on the
SketchUp/Skelion software, which implements 3D models of the building of the
12th educational block after it is filmed with a drone. The advantage of this
software is the more precise design and visualization of the placement of PV
panels. In addition to the consideration of the simulations in Chapter Six, an
algorithm for deploying a battery to an existing PV plant has been developed, and
the revenue for both options - with and without a battery - has been calculated. It
has been proven that when a battery is implemented in the system, the revenue
from it increases by more than 85 %. The author recommends that the choice of a
specific battery capacity be consistent with a preliminary simulation model that
will develop a detailed load schedule of the user's consumption.

The seventh chapter presents the results of actually implemented PV
systems with hybrid inverters (with capacities of 3.7 kWp, 10.7 kWp and 126.7
kWp) and a comparison of operation with and without batteries.
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In conclusion, the use of PV systems with hybrid inverters contributes
significantly to reducing the carbon footprint, increasing the energy independence
of consumers and optimising the electricity infrastructure. Local energy
production, combined with smart management and storage, represents a
sustainable alternative to traditional energy models and is a key enabler for the
future of decentralized energy.

Group G7. Scientific publications in journals that are referenced and
indexed in world-renowned databases with scientific information (Scopus)

1. V. Milenov, 1. Bachev and Z. Zarkov, "Performance of Foldable Photovoltaic Panels
in Real Conditions," 2025 19th Conference on Electrical Machines, Drives and Power
Systems (ELMA), Sofia, Bulgaria, 2025, pp. 1-5, doi: 10.1109/ELMA65795.2025.11083426
(SCOPUYS)

In this article, a study of power supply systems for low-power consumers through folding
photovoltaic panels connected to portable charging stations with a small capacity is carried out.
This innovative technology offers an efficient solution for powering devices without access to
the power grid. Folding PV panels can be quickly deployed and commissioned, providing
instant power solutions when needed. Their compact design allows for easy storage and
transportation, making them a versatile choice for a variety of applications. The volt-ampere
characteristics of folding PV panels under real operating conditions are presented.
Measurements were carried out both under parameters as close as possible to the standard test
conditions, and under more extreme conditions. The influence of shading on their electrical
performance is analysed.

Scientific and applied contributions: Experimentation in different real-world conditions
(solar radiation and temperature) contributes to the future modeling and improvement of this
type of PV panels. The results clearly show that even minimal shading (e.g. on a single cell)
can lead to a significant reduction in power output, which highlights the high sensitivity of these
systems to environmental influences. concludes that their correct positioning to the sun without
shading is essential.

2. V. Milenov, "Enhancing Portable Cabin Power Supply with Bifacial PV Panels,"
2024 16th Electrical Engineering Faculty Conference (BulEF), Varna, Bulgaria, 2024, pp. 1-5,
doi: 10.1109/BulEF63204.2024.10794889. (SCOPUS)

This article presents an autonomous solution for powering small "cottage/bungalow"
objects through double-sided photovoltaic panels as an alternative to diesel generators. In this
case, a PV system is used to power an advertising bungalow. It serves as a representative
example of mobile sites that are located in different locations both in the country and abroad.
To develop a simulation model and analyze the results, the PVsyst software was used. A
detailed review of the design and components of the autonomous PV system was carried out.
The potential for scalability and integration with existing infrastructure is also explored.



Scientific and applied contributions: Software simulations show good energy production of
the PV system under different weather conditions, which proves that the power supply of PV
systems to small sites that are not connected to the grid is completely adequate and applicable.
The study highlights the efficiency and environmental advantages of this type of power supply
compared to traditional diesel generators - no noise and harmful emissions.

Applied contributions: Based on the simulation studies and the actual operation of the system,
it is proven that the use of double-sided PV panels in this particular case increases the energy
produced compared to traditional single-sided panels.

3. M. Mitova and V. Milenov, "Advancements in Photovoltaic Panel Recycling: Processes
and Challenges," 2024 16th Electrical Engineering Faculty Conference (BulEF), Varna,
Bulgaria, 2024, pp. 1-6, doi: 10.1109/BulEF63204.2024.10794945. (SCOPUS)

The article is devoted to the study and analysis of European legislation related to the
management and treatment of waste electrical and electronic equipment, including photovoltaic
panels. This study outlines the current objectives and requirements in this area. The largest PV
parks in Bulgaria are presented. An estimated estimate is made for the upcoming number of
PV panels in the EU countries until 2027, and a forecast status on the generation of waste from
PV panels until 2050 is presented, the structures of the most widely used photovoltaic panels
(crystal technology), as well as the less commonly used thin-film technology of cadmium
tellurite. The main methods of their recycling are considered, and the advantages of each of
them are discussed.

Scientific and applied contributions: An approach for recycling of large PV plants has been
proposed, aimed at efficient utilization of the panels and reducing the costs of this activity. A
map has been created with brief information and designation of the larger PV plants in Bulgaria.
A QR code has been created for access to the map, which allows quick opening of the location
of PV parks by phone, tablet or laptop.

4. V. Milenov and Z. Zarkov, "Assessing Battery Storage Feasibility for a 30 kW PV
Power Plant in the Bulgarian Electricity Market," 2024 16th Electrical Engineering
Faculty Conference (BulEF), Varna, Bulgaria, 2024, pp. 1-4, doi:
10.1109/BulEF63204.2024.10794936. (SCOPUS)

The article examines the energy flows from a photovoltaic system with a capacity
of 30 kWp, combined with a battery with a capacity of 30 kWh. The hourly energy produced
by the photovoltaic system is presented, as well as the fluctuations in the market prices of
electricity in Bulgaria. The different types of batteries used for small plants are considered.
Various strategies for implementing a battery to an existing PV system are presented. PV
system, battery and network. The model also includes energy prices and the calculation of
financial revenues. The article describes the system's annual electricity production and the
corresponding variations in electricity prices. The study includes graphs comparing revenue

with and without battery usage, for a month and a year.
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Scientific contributions: An optimization algorithm has been developed to determine the most
favorable moments for energy supply from the battery to the grid. A method for comparing the
financial revenues of a PV plant with and without a battery, applicable in different
configurations, has been developed. The potential for increasing revenues when integrating a
battery into a PV system has been shown.

Scientific and applied contributions: A strategy has been developed for the release of energy
from the battery to the grid during the period with the highest prices on the stock exchange. It
has been proven that the use of a battery significantly increases the income from PV systems
connected to the electricity grid in order to sell the energy produced.

5. L. Stoyanov, Z. Zarkov, V. Milenov, 1. Bachev and V. Lazarov, "Experimental Study
Of Photovoltaic Panels’ Degradation and Technology Evolution," 2024 9th
International Conference on Energy Efficiency and Agricultural Engineering (EE&AE),
Ruse, Bulgaria, 2024, pp. 1-5, doi: 10.1109/EEAE60309.2024.10600605. (SCOPUS)

The article examines a study of the degradation of the performance of photovoltaic panels
over the years of operation, which is essential for owners of PV installations of different scales
and locations — both in urban and non-urban environments. Panels produced by five different
technologies, two types of crystalline silicon (mono- and polycrystalline) and three types of
thin-film technologies (microcrystalline silicon, CIGS and CdTe) were analyzed, using
experimental data from five grid-connected photovoltaic systems installed in Sofia, Bulgaria.
The data cover a ten-year period of operation in continental climates and a variety of weather
conditions. The results obtained allow the formulation of a more informed choice of appropriate
panel technology in the process of design and sizing of PV systems. Finally, a brief comparison
of the performance of different generations of photovoltaic panels is presented.

Scientific contributions: It has been found that in crystalline technologies the observed
degradation is less than in thin-film panels. For all silicon-based panels, the rate of degradation
increases over time, while for CIGS and CdTe, the rate of degradation is more significant at the
beginning of the service life, after which the rate decreases.

Scientific and applied contributions: A number of experimental studies of PV panels have
been carried out in order to track their efficiency over a long period of time. A large database
of experimental data has been accumulated, which would be useful for improving the modeling
of PV panels. The analysis shows that with constant solar radiation, the influence of temperature
on the output power decreases with the progression of the degradation of the panels.
characteristics of PV panels using crystal technology of different generations, available in the
Laboratory of Renewable Energy (Electrical Aspects) at the Faculty of Electrical Engineering
at the Technical University of Sofia. Over the past 11 years, monocrystalline panels have
improved by around
40%, while polycrystalline panels have improved by 96% over an interval of 27 years and
approximately 25% over the past decade.



6. V. Milenov and Z. Zarkov, "Application of Hybrid Inverters in Photovoltaic Systems,"
2023 18th Conference on Electrical Machines, Drives and Power Systems (ELMA),
Varna, Bulgaria, 2023, pp. 1-5, doi: 10.1109/ELMA58392.2023.10202452. (SCOPUS)

In the article, the emphasis is placed on hybrid solar inverters, their specifics, principle of
operation and advantages. The application of hybrid inverters in photovoltaic systems for self-
consumption is discussed in more detail, and case studies of such systems are also presented. A
block diagram demonstrating how to connect a hybrid inverter to the power distribution
network, consumers and battery is shown. The different modes of operation of hybrid inverters
are considered. Strategies for managing storage devices from the hybrid inverter are shown.
The monitoring platform of the hybrid inverter is examined through a real example of a mobile
application. The advantages and disadvantages of hybrid inverters are discussed in detail.

Scientific and applied contributions: Mathematical and simulation models have been
developed that allow precise calculation of all capacities and energy flows in the photovoltaic
system with a hybrid inverter, both with and without a battery, as well as in systems with energy
export to the grid or with limiting energy exports to the grid. The model allows for accurate
dimensionation of the battery capacity, taking into account the specific load profile of the user,
the characteristics of the photovoltaic panels and the available weather data. It has been proven
that the use of photovoltaic systems with hybrid inverters to power industrial sites significantly
reduces their electricity consumption from the grid and increases their energy independence.

7. V.Milenov and Z. Zarkov, "Modeling of Photovoltaic Systems for Self-Consumption,"
2023 15th Electrical Engineering Faculty Conference (BulEF), Varna, Bulgaria, 2023,
pp. 1-6, doi: 10.1109/BulEF59783.2023.10406197. (SCOPUS)

The article presents an approach to modeling the operation and operational characteristics
of photovoltaic systems intended for the production of electricity for self-consumption. With
the rapid development of solar energy technologies, the use of such systems is growing
significantly. The developed model allows for precise calculation of capacities and energy
flows in photovoltaic systems for self-consumption. Different configurations were analyzed:
with and without connection to the electricity distribution network, with and without an energy
storage system, as well as with and without restrictions on energy exports. A block diagram of
a photovoltaic system for self-consumption has been made. The advantages of using a battery
in self-consumption systems are presented.

Scientific contributions: The developed model allows for optimization of the battery
utilization strategy, adaptation of the load profile to the production of PV panels, determination
of the required battery capacity, as well as optimization of the PV system as a whole.

Scientific and applied contributions: The study proves that determining an accurate
hourly load profile is key to the accuracy of the calculations and the results obtained. The
analysis of the results of the study gives grounds to build the hypothesis that when using a
battery, unused energy accounts for only 7.4% of the total solar energy produced for the year,
which means that almost all available solar energy is transformed into electricity available for
recovery from the residential building. This is precisely the main paradigm for the use of
photovoltaic systems for self-consumption.
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8. Z. Zarkov and V. Milenov, "Study of PV System for Electricity Production for Self-
Consumption," 2022 14th Electrical Engineering Faculty Conference (BUlEF), Varna,
Bulgaria, 2022, pp. 1-5, doi: 10.1109/BulEF56479.2022.10021163

The article presents grid-connected photovoltaic systems designed for the production of
electricity for self-consumption. Two case studies of photovoltaic systems for self-consumption
— without and with an energy storage system are examined. A computer simulation model has
been developed in the Excel environment. A battery management strategy is also implemented
in it. The presented results show the exchange of power in the systems with a time interval of
1 hour. An annual energy balance has been realized. A comparison of the performance
characteristics of the system when using two batteries with different capacities is also made. A
comparative analysis of the different options has been carried out, in the form of pie charts.

Scientific contributions: A classification has been made according to the way the storage
system is used and the way it interacts with the power grid. A mathematical model for
calculating the power of a photovoltaic system has been created, taking into account the
orientation of the panels and the influence of cell temperature.

Applied contributions: The energy storage system increases the share of self-
consumption of solar energy. Despite the still high battery prices, this configuration can be
especially useful in today's conditions of very high electricity prices. that the use of energy
from a PV system for self-consumption reduces dependence on the electricity distribution
network.

9. Z. Zarkov and V. Milenov, "DC-DC Converter for Adaptation of Thin-Film PV Panel
I-V  Characteristics for Microinverter," 2022 International Conference on

Communications, Information, Electronic and Energy Systems (CIEES), Veliko
Tarnovo, Bulgaria, 2022, pp. 1-5, doi: 10.1109/CIEES55704.2022.9990886. (SCOPUS)

In the article, the emphasis is placed on modeling a DC-DC converter for connecting a
thin-layer photovoltaic panel to a microinverter. The development of a simulation model of a
photovoltaic system, consisting of a thin-layer PV panel, a specialized DC-DC converter and a
microinverter with an MPPT algorithm, is presented. The main idea of the development is the
introduction of a DC-DC converter between one or two photovoltaic panels and a microinverter
to adapt the volt-ampere characteristic of the panels to the input requirements of the inverter.
The implemented models of the individual elements are shown, as well as the overall model in
a Matlab Simulink environment. For the needs of the MPPT controller, the method of
incremental conductance has been chosen.

Scientific contributions: A computer model of a DC-DC converter has been created. The
obtained volt-ampere characteristics confirm its correct operation. The results show that its
output characteristics correctly reproduce those of the connected photovoltaic panel, but at
different voltage and current values, while maintaining the equivalent output power.
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Scientific and applied contributions: Models of the main components of a PV system
have been implemented in a Simulink environment. The converter makes it possible to connect
different types of PV panels to an inverter with different input voltages. The possibility of
working together with an inverter using the MPPT algorithm has been demonstrated through
simulations with artificially generated and real sequences of solar radiation data.

Applied contributions: The complete model makes it possible to investigate through
experiments the static characteristics and dynamic behavior of the entire system under variable
solar radiation and cell temperature over relatively long periods of time.

10. R. Spasov, E. Rachev, V. Petrov and V. Milenov, "Determining the Equivalent Circuit
Parameters of Three-Phase Induction Motor from the Manufacturer's Technical Data," 2022
14th Electrical Engineering Faculty Conference (BulEF), Varna, Bulgaria, 2022, pp. 1-4, doi:
10.1109/BulEF56479.2022.10021178. (SCOPUS)

The article aims to make a comparative analysis of the characteristics given by a
manufacturer of induction motors with those obtained in a simulation model made in Matlab
Simulink. In the process of verifying production performance, various motor tests have been
modeled: DC testing to identify stator resistance, idle speed, short circuit testing, as well as
simulation of operation under load. The model is built on the equivalent engine circuit, and its
parameters are determined according to the methodology proposed in this work.

Scientific and applied contributions: An adequate engine model has been created in the
MATLAB/Simulink environment, which calculates the parameters of the equivalent engine
circuit. The implemented model can be used to evaluate a number of engine parameters.

11.Z. Zarkov and V. Milenov, "Modeling and research of photovoltaic system with
microinverter," 2021 13th Electrical Engineering Faculty Conference (BulEF), Varna,
Bulgaria, 2021, pp. 1-4, doi: 10.1109/BulEF53491.2021.9690817. (SCOPUS).

The article presents a theoretical and experimental study of a photovoltaic system
connected to the power grid by means of a microinverter. The resulting models are used to
calculate the power produced by a small photovoltaic system. The values of solar radiation in
the plane of the panel and the ambient temperature are used as inputs. The entire model was
developed in the Matlab software environment. The power produced by the system over a long
period of time is recorded through a specialized electricity analyzer. Real data on the operation
of the system at different values of solar radiation, obtained through monitoring of the Aurora
Vision portal, are presented. The monitoring system allows the accumulation of an extensive
database of experimental data and thus provides a comparison of production under different
weather conditions, in winter and in summer.

Scientific contributions: A mathematical model for the efficiency of a photovoltaic module
based on the theoretically calculated volt—ampere (I-V) characteristics of the panel has been
developed.



Scientific and applied contributions: A mathematical model of the efficiency of a single-
phase microinverter by approximation with fractional rational function has been created. A
large database of experimental data has been implemented, which would be useful for
improving the modeling of this type of systems.

12. E. Rachev, V. Milenov and V. Petrov, "Using induction motor models for e-learning,"
2021 13th Electrical Engineering Faculty Conference (BulEF), Varna, Bulgaria, 2021,
pp. 1-4, doi: 10.1109/BulEF53491.2021.9690807. (SCOPUS)

The article discusses a model of a single-phase induction motor, suitable both for distance
learning of students in electrical machines and electric drives, and for motor analysis in order
to determine optimal design parameters. In single-phase induction motors, it is necessary to
achieve a balance between starting and operating characteristics, especially in cases where only
one operating capacitor is used. The proposed model allows the optimal capacity of the
operating capacitor to be determined so that the required performance characteristics are
achieved.

Scientific and applied contributions: A model of an induction motor in a Matlab/Simulink
environment has been created. A method for optimally determining the capacity of the operating
capacitor has been implemented. The created simulation model corresponds to the real data
from the laboratory exercise that students perform at the university. In this way, the aim is to
ensure maximum proximity between the simulated and the real work in a laboratory
environment.

Applied Contributions: The article proposes a strategy in which students' attention shifts from
connecting the circuit and graphical representation of the performance characteristics of the
motor to the study of the influence of the capacity of the working capacitor, which in the
laboratory exercise is fixed. This allows the use of a web-based application so that students do
not need a locally installed Matlab.

13. V. Milenov, 1. Bachev, L. Stoyanov, Z. Zarkov and V. Lazarov, "Indoor testing of solar
panels," 2020 12th Electrical Engineering Faculty Conference (BulEF), Varna,
Bulgaria, 2020, pp. 1-4, doi: 10.1109/BulEF51036.2020.9326084. (SCOPUS)

This article presents an experimental study of various types of photovoltaic panels in
laboratory conditions. The experiments were conducted through a laboratory test bench for the
study of photovoltaic panels, implemented in the laboratory "Energy from Renewable Energy
Sources (Electrical Aspects)" at the Technical University of Sofia. A series of experiments were
carried out under different testing conditions — varying the illumination, temperature, distance
between the photovoltaic panel and the light source, as well as using different types of power
supply for the halogen lamps. Within the framework of the study, five different photovoltaic
panels were tested: monocrystalline silicon (mSi), polycrystalline silicon (pSi), amorphous
silicon (aSi), copper-indium-gallium diselenide (CIGS) and cadmium telluride (CdTe). The
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results obtained demonstrate the capabilities of laboratory equipment and outline guidelines for
future research.

Scientific and applied contributions: It has been found that the AC supply of the halogen
lamps in the solar simulator leads to pulsations of the light flux, which in turn causes ripples of
the short-circuit current of the panels and leads to deformations of volt-ampere characteristics.
that when using halogen lamps to simulate sunlight, there is an unevenness of the light flux
falling on the photovoltaic panels, which leads to a deformation of the measured volt—ampere
characteristics. The experimental studies carried out are a good basis for improving the
simulator used by changing the supply voltage from alternating to direct current, as well as
research with another type of lamps. Students use the solar simulator to conduct an exercise in
the laboratory.

14. Z. Zarkov, V. Milenov, 1. Bachev and B. Demirkov, "Grid connected PV systems with
single-phase inverter," 2019 11th Electrical Engineering Faculty Conference (BulEF),
Varna, Bulgaria, 2019, pp. 1-5, doi: 10.1109/BulEF48056.2019.9030797. (SCOPUS)

The article presents an analysis of a photovoltaic system connected to the power grid. The
system consists of: a string of photovoltaic panels, a single-phase transistor inverter, an LC
filter and a low-frequency transformer connected to the grid. The system is controlled by an
algorithm for monitoring the maximum power point (Max Power Point Tracking, RPT) on a
PV string. A detailed simulation model of the entire system, including the control algorithms,
has been created. The method used for the MRT is 'interference observation'. A simulation study
of changes in solar radiation has been carried out and the results show realistic behavior of the
developed model of the MRRT algorithm. The results of the simulation were compared with

experimental tests on a real photovoltaic array with the same parameters and a good match was
established.

Scientific contributions: With the help of simulations and experiments, it has been proven
that the output current of the inverter is distorted not only due to the imperfections of the inverter
and its control, but also due to the non-sinusoidal voltage of the grid at the connection point.

Scientific and applied contributions: A simulation model of a PV system with a single-
phase inverter connected to the power grid has been developed. Simulation results have been
obtained that demonstrate the operation of the system and the adequate behavior of the MPPT
controller.

15. V. MILENOV, Z. ZARKOV, B. DEMIRKOV and I. BACHEV, "Modeling of
Electrical Characteristics of Various PV Panels," 2019 16th Conference on Electrical
Machines, Drives and Power Systems (ELMA), Varna, Bulgaria, 2019, pp. 1-5, doi:
10.1109/ELMA.2019.8771692. (SCOPUYS)

A mathematical and simulation model has been developed for calculating the volt-ampere
characteristics of PV panels and PV generators at set solar radiation intensity and cell
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temperature. The model is applied to PV panels of five different types, which are manufactured
using different technologies and materials.

Scientific contributions: Through the simulation model, it is possible to determine the
efficiency of PV panels under random operating conditions (solar radiation and cell
temperature) based on the model of volt-ampere characteristics.

G8. Scientific publications in non-refereed peer-reviewed journals or in
edited collective papers

16. Milenov, V. A., Tomov, P. K., Mitova, M. P., Dimov, D. S., Innovative European
University of Technology INNO EUt+, XXXII ISTC Automation of Discrete
Production Engineering, issue 5, pp. 143-145, 2023, Bulgaria, Sozopol, ISSN 2682-
9584

The purpose of the article is to examine in detail the activities of the INNO EUt+ project
and to present the project partners and the new alliance, which is formed by 8 European
universities under the name "European University of Technology". The results obtained during
the first year of the two-year project period are presented. The activities carried out under the
project and future initiatives and activities are discussed in detail. The activities to strengthen
the partnerships between the different project partners are considered.

Applied contributions: A number of trainings were carried out for the students of the
project. Over 200 students participated in various trainings, and the best had the opportunity
to travel to different countries in Europe and take part in competitions organized by
universities participating in the project.

Conclusion
The research in the presented works can be summarized in the following groups:

1. Research and analysis of photovoltaic systems with different types of solar inverters:
(1), 2), 3), (4), (5), (6), (7), (8), (9), (11), (13), (14), (15).

2. Research and analysis in electrical machinery: (10), (12).

Presentation of the activities carried out under the project: (16).

4. Photovoltaic systems with hybrid inverters: (M1).

(98]

The contributions also have an educational aspect, because in the training of students in
the disciplines of renewable energy sources, educational techniques and scientific and technical
achievements discussed in the monograph and articles are used.
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